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Executive Summary 
Pima County Regional Wastewater Reclamation Department (PCRWRD) owns and operates regional 
wastewater conveyance and treatment systems serving Eastern Pima County. The regional systems 
consists of over 3,300 miles of sewer lines (of which 230 miles are major trunk lines or interceptors), 34 
conveyance system lift stations, two major treatment facilities and one wastewater reclamation facility in 
the metropolitan (metro) area, and eight smaller wastewater reclamation facilities in the non-metro area. 
The mission of PCRWRD is to protect public health, safety and the environment by providing quality 
service and sound environmental stewardship of renewable resources.   
 
PCRWRD recognizes the value of long-range planning in making timely, cost effective decisions; and the 
need for an effective treatment strategy for current and projected future wastewater flows to its facilities. 
A significant element in affecting the strategy is the need for a reduction in ammonia and nitrogen 
concentrations discharged into the Santa Cruz River to comply with current and future environmental 
regulatory requirements set forth by the Arizona Department of Environmental Quality (ADEQ).  In 
addition, the County seeks to optimize biosolids treatment, reuse and disposal.  To that end, PCRWRD 
commissioned the development of a master plan for future wastewater conveyance and treatment in the 
PCRWRD service area.  Figure ES-1 shows the current and future PCRWRD operated wastewater 
treatment facilities. 
 
 

Figure ES - 1 
Current and Future County Treatment Facilities 
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The purpose of the master plan is twofold.  First is to determine an optimal strategy for regulatory 
compliance which includes: long-term flow and capacity management, treatment of future wastewater 
increases from the Pima County wastewater service basins, rehabilitation of existing facilities, 
optimization of solids handling, reuse and disposal, complete utilization of biogas, and optimal methods 
to provide reclaimed water. The second purpose is to develop a coordinated Capital Improvement 
Program (CIP) including cost estimates, schedules and a recommended project delivery and funding 
strategy for implementation of resulting projects and integration with the total PCRWRD CIP. 
 
The master plan serves as a broad road map for future activities.  It identifies potential pathways, as well 
as obstacles to the implementation of the master plan CIP.  Through the appropriate level of evaluation, 
the best option is identified and selected for implementation, without precluding changes in direction that 
may be prompted by future needs.  The Pima County Regional Optimization Master Plan forecasts needs 
for wastewater treatment capacity throughout the PCRWRD service area and the facilities required to 
meet those needs through the year 2030.  The master plan builds upon the 2006 Metro Area Facility Plan 
Update in addition to several planning and engineering efforts previously performed for, or by the 
PCRWRD.  The plan is based on current and potential future regulatory and PCRWRD customer 
requirements, and identifies how and when wastewater treatment facilities will be upgraded and 
expanded, as well as how existing facilities will be integrated into future expansions or de-commissioned 
through the year 2030.  The plan recommends a comprehensive CIP with treatment components and 
systems, phasing schedules and cost apportionments for future implementation of PCRWRD wastewater 
infrastructure needs in accordance with individual ADEQ facility requirements.  As the master plan was 
developed, two concurrent efforts were implemented focusing on Strategic Development and CIP 
Development.  This executive summary presents the major findings, conclusions, and recommendations 
of the Regional Optimization Master Plan. 

Regulatory Requirements 
Regulatory requirements were examined as they pertain to the collection, conveyance, and wastewater 
treatment systems. Reviews of current regulatory requirements regarding wastewater treatment facility 
design and level of treatment were completed. Capacity and systems condition assessments for Roger 
Road Wastewater Reclamation Facility (WRF), Ina Road WRF, and their respective conveyance systems 
were undertaken to determine compliance with regulatory requirements and to draw conclusions 
regarding the suitability of the facilities to stay in service at existing, greater, or reduced capacity in the 
current treatment mode and in a converted nutrient removal mode. 
 
To meet the future permit requirements, process modifications and changes are required to lower 
ammonia and total nitrogen discharge levels. Other relevant and pertinent issues include addressing odor 
control, safety and upgrades of the existing facilities to be compliant with environmental, regulatory and 
building code requirements. 

Treatment Plant Evaluation 
Roger Road WRF is the older of the two major wastewater treatment plants and symptoms of aging are 
apparent.  From an operational and maintenance point of view, there are several drawbacks with the 
facility’s current treatment unit operations, including the primary and final clarifiers. By modern 
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wastewater treatment practice, the clarifiers are too shallow to be effective in advanced wastewater 
treatment and the feed and withdraw systems are inadequate. Moreover, continued use of the system at 
Roger Road WRF would require a significant investment in rehabilitation. From detailed surveys 
significant rehabilitation is required for some process units to remain in long term service, and equipment 
and structures replacement is needed for some elements that are reaching the end of their useful service 
life.   
 
The biological nutrient removal activated sludge (BNRAS) portion of the Ina Road WRF is new 
(operations started up in the 2006) and is in excellent physical and operating condition. However, the 
high-purity oxygen (HPO) system which is an older part of the plant has signs of aging in the structures 
and equipment, particularly the HPO Reactors.  In addition, the high purity oxygen system is not 
compatible with modern, efficient multi-staged nutrient removal systems.  Furthermore, the HPO reactor 
configuration and size is unsuitable for retrofitting to ammonia and nitrogen removal service.  Moreover, 
save the HPO Reactors, the facilities at Ina Road are readily adaptable with some modifications and 
upgrades to the process needs of the future. 

Overall Treatment Strategy 
The overall treatment strategy for the Pima County Regional Optimization Master Plan addresses two 
primary issues, process selection and wastewater management. To address the first issue, the best process 
to meet current regulatory requirements as well as probable future regulatory requirements was selected. 
To address the second issue, a wastewater management configuration was selected to determine how 
much flow will be treated at Roger Road WRF and how much flow will be treated at Ina Road WRF. 
 
Due to expected stringent effluent requirements and effluent reuse requirements, a high degree of 
treatment is required. To meet the effluent goals, a combination of biological nitrogen removal processes 
and, if required by future ADEQ regulations, biological phosphorus (Bio-P) removal was found to be the 
most cost effective.  A review of biological nutrient removal (BNR) processes for nitrogen and 
phosphorus removal included in-depth considerations and evaluations of four processes: Bardenpho, 
Modified Ludzack-Ettinger (MLE), Integrated Fixed-Film Activated Sludge (IFAS), and Bio-
Towers/Nitrifying Activated Sludge (BT/NAS). After consideration of  a wide range of issues and 
combinations, the Bardenpho process was determined as the most reliable and cost effective process for 
both treatment plants. 
 
Three options for dividing the projected year 2030 flow of 82 mgd between the treatment plants were 
selected for analysis including: 32 mgd to Roger Road WRF and 50 mgd to Ina Road WRF, 20 mgd to 
Roger Road WRF and 62 mgd to Ina Road WRF, and all 82 mgd to Ina Road WRF. Wastewater 
characteristics were determined based on the information contained in the 2004 – 2005 GPS-X modeling 
and a special testing program. Future loadings were predicated on water conservation and included 
consideration of the loadings from recycle flows from expected future biosolids operations. 
 
Using the Bardenpho process, flow split options were compared using technical and economic criteria. 
The flow-split option of 32 mgd to Roger Road WRF and 50 mgd to Ina Road WRF was determined as 
the most cost effective option.  Rehabilitating and modifying the aging Roger Road WRF involves cost 
uncertainties.  In addition there are risks in operating the plant in compliance with regulatory permit 
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requirements while adhering to the regulated implementation schedule to convert the process.  Thus, 
constructing a new Water Reclamation Campus (WRC) was determined to be the most favorable option 
for the Roger Road facility. 

Biosolids 
Current biosolids processing practices and future alternatives for complying with federal biosolids 
regulations were evaluated and recommendations for PCRWRD’s future biosolids processing and 
disposal methods are provided. The overall goal of these evaluations is to provide a road map for 
biosolids processing and handling that will allow the County to continue with cost effective biosolids 
disposal and reuse options through the 25-year planning period.   
 
The future biosolids management plan needs to be flexible and adaptable to changes in the reuse or 
disposal markets. Federal regulations define two levels of biosolids which are produced by various 
processing methods: Class B (the current level produced by PCRWRD) biosolids can be applied to 
agricultural lands and to other restricted uses, and Class A biosolids, which requires more extensive 
processing, can be beneficially reused with few restrictions. 
 
The County is currently utilizing land application through a local contractor to reuse biosolids. This 
option appears to be viable through the planning period.  However, there is concern that most of the 
agricultural lands for biosolids application in close proximity of the plants are controlled by a single 
contractor, and therefore controls the market and price of biosolids disposal; or that the agricultural land 
is disappearing because of population growth in the County.   
 
A market that shows promise is a dry Class A biosolids product for mine reclamation.  A current 
University of Arizona project utilizing Green Valley WRF biosolids for reclamation at the Asarco 
Mission Mine has been successful.  This market should be investigated further as there are a number of 
mines located in Arizona, many in the southern region of Pima County.  This disposal option may be 
most applicable to the non-metro regional facilities. 
 
Although the current biosolids disposal strategy is cost effective, it is one dimensional.  An extensive 
market study is required to provide PCRWRD with a flexible, multi-dimensional long-term disposal or 
reuse strategy. The market assessment needs to address long-term biosolids management, most notably to 
determine the demand for a Class A, or Class B product or both; identify multiple biosolids disposal 
options and outlets; and determine if processing on a sub-regional scale, as well as regional scale is 
viable. 

Conveyance System Evaluation 
In 2003 PCRWRD commissioned a conveyance system condition assessment.  This was part of 
PCRWRD’s on-going asset management program to evaluate about 230 miles of trunk and interceptor 
sewers.  Results of the assessment discovered sewer segments in need of rehabilitation/replacement in the 
Aviation Corridor, Canada del Oro, Old Nogales Highway, Pantano, Santa Cruz, South Rillito, Southwest 
and Tanque Verde Interceptors; as well as over 3,000 manholes, several siphon boxes and many of the lift 
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station wet-wells, which exhibited hydrogen sulfide corrosion.  PCRWRD has an active program to 
address these issues. 
 
In the very near future the Roger Road WRF will have insufficient capacity to accommodate additional 
flows generated by population growth in its service area. Therefore a major element of the conveyance 
evaluation was a detailed analysis of transferring flows from the Roger Road WRF to the Ina Road WRF.  
Three routing alternatives were considered.  In the recommended least cost option, the plant interconnect 
pipeline parallels the existing sludge force main route from the Roger Road WRF to the Ina Road WRF. 
The major wastewater treatment facilities’ locations, the metropolitan Tucson service basin areas, and the 
projected future treatment and conveyance system capacities are shown on Figure ES-2. 
 

Figure ES - 2 
Year 2030 Location of Major WRFs Relative to the Metropolitan Tucson Service Area 

 
 
To evaluate the current and future conveyance system capacities, a hydraulic model was developed for 
routing existing and proposed future flows through the Pima County conveyance systems.  While the 
Pima County conveyance system experiences an increase in flow in response to wet weather events, it has 
adequate excess capacity to convey both the normal wastewater flows and the additional stormwater 
induced flows in accordance with the Arizona Department of Environmental Quality’s Capacity, 
Management, Operation, and Maintenance criteria.  However, as the service area populations grow, 
excess system capacity currently available for wet weather flow will be reduced and the ability for the 
system to reliably convey peak wet weather flows will subsequently be reduced.  Because of this capacity 
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reduction, some portions of the system will need to be augmented in the future to maintain adequate 
capacity for wet weather flows.  These areas of future need are identified in the details of the master plan. 

Recommended Treatment Plan 
Recommendations for specific modifications, upgrades and replacements at the Roger Road WRF and the 
Ina Road WRF were developed to enable the wastewater treatment facilities to serve Pima County 
through the year 2030. The recommendations include upgrading the Ina Road WRF facilities with the 
Bardenpho technology and expanding capacity from 37.5 mgd to 50 mgd to treat additional flow created 
from regional population growth. In addition, a new 32 mgd wastewater reclamation plant, utilizing 
Bardenpho technology in the vicinity of the Roger Road WRF is recommended.  Afterwards the existing 
treatment facilities at Roger Road will be decommissioned and demolished after the new plant is placed 
into service. The location of the new Water Reclamation Campus will be either north or south of the 
existing Roger Road WRF and County owned land.  Figure ES-3 and Figure ES-4 show the Roger Road 
WRF and Ina Road WRF master plan layouts for the year 2030, respectively. 
 

Figure ES - 3 
New WRC – Year 2030 Master Plan Layout 
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Figure ES - 4  
Ina Road WRF – Year 2030 Master Plan Layout 

 
Legend: 
1. Existing Warehouse 15. Existing Chlorination Buildings 
2. Existing Administration Building 16. Existing Digesters 
3. Existing Primary Clarifiers 17. New Digesters 
4. Existing Blower Building 18. Existing Sludge Thickeners 
5. New Primary Clarifiers 19. Existing Vacuum Filtration Building 
6. New Aeration Tanks 20. Existing Activated Sludge Reactor 
7. Existing Aeration Tanks 21. Existing Oxygen Production 
8. New Sludge Thickeners 22. Existing Centrifuge Building 
9. Existing Secondary Clarifiers 23. Extension to Centrifuge Building 
10. New Secondary Clarifier 24. New GBT Thickening Building 
11. Existing Headworks 25. Existing Sludge Storage Basin 
12. Existing Chlorine Contact Basin 26. New Disinfection Facilities 
13. Existing Energy Recovery Building 27. Pima County Industrial Waste Offices 
14. Existing Training Center 28. Tucson Water Facilities (not shown) 
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A new gravity plant interconnect pipeline (Santa Cruz Interceptor Phase IV) will be constructed between 
the two plants to transport raw wastewater from the Roger Road WRF service area to the Ina Road WRF.  
The existing sludge force main between the plants will continue to serve the facilities. A new effluent 
force main and pump station facility will be constructed by Tucson Water to transport treated effluent 
from the Roger Road facilities to existing water reclamation facilities to meet the City of Tucson’s reuse 
water demand.  At Ina Road WRF, Tucson Water will construct a new effluent pump station, force main 
and other facilities to provide additional treatment prior to distribution of reclaimed water to their existing 
reclaimed water service distribution system. 
 
Population densities in the metropolitan areas located within close proximity to both treatment plants are 
expected to increase by the year 2030.  A 350-foot buffer zone, required by ADEQ, for odor and noise 
control will be maintained between the treatment facilities and the property lines. 

Non-Metro Treatment Overview and Strategic Management Plan 
Non-metro wastewater reclamation facilities serve the wastewater treatment needs outside the 
metropolitan Tucson region.  The non-metro service areas are experiencing rapid population growth.  This 
growth is forecast to continue, thereby increasing flow into PCRWRD’s non-metro conveyance and 
treatment systems.  Therefore a strategy to treat current and projected future wastewater flows at the non-
metro wastewater reclamation facilities was developed. 
 
Existing non-metro wastewater treatment works were constructed to meet wastewater treatment demands 
of small housing and community developments.  At the time of their construction, forwarding flow for 
treatment at the Roger Road WRF or Ina Road WRF was not an optimal solution because it would have 
required long stretches of conveyance structures transporting relatively low flows to serve a few 
customers.  Also, as constructed the treatment technologies differ from facility to facility, but were 
usually relatively simple wastewater treatment systems permitted by ADEQ.  As populations in the non-
metro areas grow and wastewater flow increases, PCRWRD is required by ADEQ to reduce nutrient 
concentrations in the plant effluent.  Thus, the wastewater treatment technologies at the non-metro 
facilities will need to be expanded or upgraded or both with a significant amount of capital investment. 
 
The current and planned activities for each of PCRWRD’s non-metro WRFs were evaluated.  Five of the 
non-metro areas were identified to have significant growth.  Projected future flows at each of these 
facilities are as shown in Table ES-1.  The capacity of the existing facilities will be expanded to meet the 
projected increases in flows.  A new Southland WRF will be required to meet the wastewater treatment 
requirements of that non-metro area.   
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Table ES - 1 

2030 Non-metro Facility Projected Flow 

Facility Location Projected 2030 Flow (mgd)
Avra Valley WRF 3.0 
Corona de Tucson WRF 2.1 
Green Valley WRF 4.4 
Marana WRF 4.4 
Southlands WRF 10.5 

CIP Elements 
The recommended wastewater conveyance and treatment facilities outlined for the next 15 years in Pima 
County under the Regional Optimization Master Plan have capital costs estimated at $536 million in 2006 
labor and construction dollars.  Most of these facilities must be constructed over the next ten years to 
comply with a regulatory imposed compliance schedule.  Project elements are broadly categorized under 
plant interconnect, new WRC, expansion and upgrade of Ina Road WRF, and support facilities. 

CIP Phasing and Cost Schedule 
Master planning for the next 25 years has identified the need for PCRWRD to expand its wastewater 
treatment plant capacity and implement environmental controls to comply with more stringent 
requirements for effluent discharges into the Santa Cruz River or reclaimed water use.  Detailed analysis 
and recommendations are provided for the optimal financial plan strategy to procure facilities to meet 
projected future wastewater flows delivered to the Roger Road WRF and the Ina Road WRF, and the 
ADEQ regulatory requirements.  The financial plan includes specific costs and anticipated project phasing, 
which will be integrated ultimately into PCRWRD’s comprehensive overall CIP.  In addition, the strategic 
financial plan discusses alternative capital funding options and recommends of the most appropriate 
funding strategy that will meet PCRWRD’s financial objectives.  

Implementation Plan  
Specific costs for required wastewater facilities and systems, and project phasing are integrated into 
PCRWRD’s overall CIP to form the critical elements of the implementation plan.  Phasing of the projects 
to meet the regulatory and growth needs of the community is required across the 25-year planning 
horizon.  Some projects are immediate, such as the plant interconnect pipeline.  Other projects will be 
delayed, such as the demolition of the existing Roger Road facilities, which cannot occur until the new 
Roger Road WRC is constructed and in service.  The project timeline for completion of the new WRC 
and expansion and upgrades at Ina Road WRF to meet the ADEQ mandated reduction of ammonia 
toxicity requirements, as written in the ADEQ issued operating permits of the plants, are January 2015 
and January 2014, respectively is shown in Figure ES-5 
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Figure ES - 5 
Project Compliance Timeline 
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D-B-B Design-Bid-Build 
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DEQ Department of Environmental Quality 
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HCU Heating and Cooling Use 
HDPE High-Density Polyethylene 
HEX Heat Exhaust 
hp Horsepower 
HPF Hourly Peak Flow 
HPO High Purity Oxygen 
hr Hour(s) 
HRT Hydraulic Retention Time 
HVAC Heating, Ventilation, Air Conditioning 
Hw Hot Water 
Hwy Highway 
I&C Instrumentation and Control 
i.e. Id Est 
I/I Infiltration/Inflow 
I/O Input/Output 
I-10 Interstate 10  
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MBR Membrane Bioreactor 
MCC Motor Control Center 
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mg/L Milligrams per Liter 
mgd Million Gallons per Day 
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Chapter 1 -  Introduction 
 
The Pima County Regional Wastewater Reclamation Department (PCRWRD) commissioned the 
development of a master plan to identify the optimal strategy for the treatment of current and projected 
future wastewater flows to the Roger Road Wastewater Reclamation Facility (WRF) and the Ina Road 
WRF. Most importantly, the plan addresses the current and future regulatory requirements of the Arizona 
Department of Environmental Quality (ADEQ) to reduce the ammonia and nitrogen concentrations 
discharged into the Santa Cruz River by the year 2014 for the Ina Road WRF and the year 2015 for Roger 
Road WRF.   
 
PCRWRD owns and operates two major wastewater reclamation facilities and a smaller wastewater 
reclamation facility in the metropolitan (Metro) area of Tucson, and manages a sewerage conveyance 
system that includes over 3,300 miles of sewer pipes, 66,000 manholes and 34 lift stations.  Further, the 
County owns and operates eight (8) Non-Metropolitan (Non-Metro) wastewater reclamation facilities in 
areas of rapidly growing populations.  The Non-Metro facilities were evaluated in the master plan for 
regulatory compliance, system performance and for consolidation or expansion to meet the future needs 
of the County.  In addition, the County through the master planning activities sought to optimize current 
and future biosolids treatment and disposal as it relates to its wastewater treatment facilities.   
 
In parallel to the master plan activities PCRWRD commissioned a system-wide odor control plan 
development to address the long lingering issues of wastewater infrastructure induced odors in the 
community.  The odor control plan addresses the current and future needs for odor control, optimizes the 
operations of systems utilized for odor control and identifies future odor control system needs.  Results of 
the system-wide odor control plan are incorporated into various project elements of the master plan. 

1.1 Purpose of Study 
The master plan purpose is twofold.  First is to determine an optimal strategy for long-term flow/capacity 
management, recommend a treatment strategy for the increasing quantities of pollutants as wastewater 
flows increase in the future, identify existing facility rehabilitation needs, optimize solids handling and 
address the optimal methods to provide reclaimed water.  Second is to develop a coordinated Capital 
Improvement Design and Construction Program, including estimates of construction costs, schedules and 
a recommended project delivery and funding strategy for implementation of resulting projects from the 
master plan development.   These resulting projects are to be integrated into the overall PCRWRD Capital 
Improvement Program (CIP).  As necessary, hydraulic and process modeling were used in the evaluation 
of alternatives. 
 
PCRWRD recognizes the value of long-range planning in making timely, cost effective decisions.  To 
that end, PCRWRD retained Greeley and Hansen LLC to create a master plan for future wastewater 
treatment in the PCRWRD service area.  The master plan serves as a broad road map to the future 
activities.  It identifies potential pathways, as well as obstacles to the implementation of PCRWRD’s CIP.  
Through a detailed  evaluation process, the best option is identified and selected for implementation, 
without precluding changes in direction that may be prompted by future needs.  This master plan forecast 
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needs for wastewater treatment capacity throughout the PCRWRD service area, and identified the 
facilities required to meet those needs through the year 2030.  The master plan builds upon numerous 
planning and engineering efforts previously performed for or by the PCRWRD.  The plan identifies when 
wastewater treatment facilities will be upgraded and expanded, as well as how existing facilities will be 
integrated into future expansions or be decommissioned through the year 2030.  The plan is based on 
current and potential future regulatory and PCRWRD customer requirements. 
 
The plan recommends a comprehensive CIP with treatment component and system alternatives, phasing 
schedules and cost apportionments for future implementation of PCRWRD wastewater facilities needs.  A 
series of facilitated workshops (consisting of PCRWRD staff, consultants and other stakeholders) were 
conducted to implement this study.  The workshops were central to the decision making process for the 
development of the master plan.  Key PCRWRD decisions were developed through a consensus process 
in facilitated workshops.  The workshop summaries and presentations are provided on a CD, located in 
Appendix A.  As the master plan developed, concurrent efforts focused on Strategy Development and 
CIP Development.  The project elements associated with each of these efforts were: 
 
Â Strategy Development 

− Project Workshops/Public Meetings 
− Information Gathering, Regulatory/Customer Requirements/Permitting 
− Flow Projection/Capacity Needs 
− Treatment Plant Evaluations 
− Overall Treatment Strategy 
− Treatment Plan Recommendations 
− Conveyance System Evaluation 
− Non-Metro Plants Area Evaluation 
− Flow Management and Non-Metro Plants Area Treatment Plan Recommendations 

 
Â Capital Improvement Plan Development 

− CIP Elements Identification and Economic/Financial Analysis 
− CIP Delivery Methods Determination 
− CIP Phasing and Cost Schedules Preparation  
− Implementation Plan Development 

1.2 General Background 
Roger Road Wastewater Reclamation Facility (WRF) 
The Roger Road WRF is the older of the two major metropolitan wastewater treatment facilities.  It is a 
combination of several expansions and has a permitted capacity of 41 million gallons per day (mgd).  
Currently the average winter influent flow (peak season) is approximately 39.7 mgd.  The facility is 
located at 2600 W. Sweetwater Drive, Tucson, Arizona 85705, just north of Prince Road between 
Interstate 10 and the Santa Cruz River.  The Roger Road WRF was first operated in 1951 as a 12-mgd 
activated sludge facility and was expanded with a separate 13-mgd trickling filter plant in 1960.  A 
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13-mgd activated sludge/contact stabilization facility was added in 1967.  In 1979 the facility was 
consolidated into a single facility with the major biological treatment process consisting of two, 165-foot 
diameter by 26-foot deep, plastic media biofilters with return activated sludge capability.  This increased 
the rated capacity to 41 mgd.  The facility is required to continuously meet secondary treatment limits as 
set forth by ADEQ. 
 
By-products (sludge) of wastewater treatment are thickened and anaerobically digested on site. Digested 
sludge meeting Class B biosolids criteria for agricultural land application disposal are conveyed via force 
main to the Ina Road WRF, where it is combined with digested biosolids from the Ina Road WRF.  After 
thickening and dewatering biosolids are hauled and applied to agricultural land as a beneficial reuse soil 
amendment.  
  
As flow and influent loadings have increased at the facility, the activated sludge tanks have been placed 
into continuous service.  Prior to the late 1980s, the activated sludge tanks were used only during the 
winter months when the reaction rates slowed in the biofilters due to lower temperatures and higher 
influent loadings.   
 
Before the effluent is released to the Santa Cruz River, a portion of the flow is pumped to reclaimed water 
treatment facilities owned and operated by Tucson Water.  The reclaimed water facilities are located on 
the east side and adjacent to the Roger Road WRF.  Flow to the reclaimed water facilities receives further 
treatment prior to distribution to reclaimed water users through an extensive regional pipeline distribution 
network. 
 
For the Roger Road WRF process modifications and changes are required to lower ammonia and total 
nitrogen discharge levels to meet future effluent quality regulations.  At a minimum, rehabilitation is 
needed to repair process units, replace equipment and structures that are beyond useful service life, 
address odor control and safety issues, and upgrade the facility to be compliant with environmental, 
regulatory, and building code requirements.  An alternative to rehabilitating the aging Roger Road WRF 
is to replace the existing WRF.  As the assessment of current conditions and systems were evaluated for 
the Roger Road WRF, consideration was given to the operational relationship between the Randolph Park 
Water Reclamation Facility (WRF) and the Ina Road WRF.  Currently the Randolph Park WRF has a 
capacity of 3 mgd. 
 
Ina Road WRF 
The original Ina Road WRF was designed in 1973 and constructed from 1975 to 1977.  The facility is 
located at 7101 North Casa Grande Highway, Tucson, Arizona 85743, just south of Ina Road, between 
Interstate 10 and the Santa Cruz River.  The facility was designed to produce a treated effluent meeting 
secondary treatment quality requirements as set forth by ADEQ..  The original treatment plant uses a 25-
mgd high-purity oxygen (HPO) Activated Sludge Process, sludge digestion and centrifuge thickening/ 
dewatering for solids handling and processing (to meet Class B biosolids agricultural land application 
disposal criteria), and a combined energy-recovery system for heating, cooling and on-site generation of 
electrical power.  The energy–recovery system  uses methane generated as a by-product of the solids 
treatment process.  Modifications to the original design to enhance equipment performance and reliability 
were completed in 1990.   
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The headworks serving this facility, along with appropriate odor control facilities, were recently expanded 
to a capacity of 50 mgd.  A Biological Nutrient Removal Activated Sludge (BNRAS) treatment works 
with a design capacity of 12.5 mgd was placed in service at the end of 2006.  Effluent from the 25-mgd 
HPO treatment process and the 12.5-mgd BNRAS treatment process are combined prior to 
chlorination/de-chlorination disinfection and discharged into the Santa Cruz River.  Current average 
winter influent flow (peak season) is approximately 23.8 mgd. 
 
Process modifications/changes will be required to lower the ammonia and total nitrogen discharge levels to 
meet new discharge standards.  Rehabilitation is needed to replace some equipment and upgrades are 
necessary for the facility to be compliant with future environmental, regulatory, and building code 
requirements.  Other needed modifications include back-up power provisions, expanded plant laboratory 
facilities, improved personnel areas and a centralized laboratory facility. 

1.3 Strategy Development 
The master plan strategy development included the investigation of options and impacts of various 
treatment and conveyance configurations, while considering both major wastewater reclamation plants as 
one interconnected treatment system.  This investigation included the evaluation of the transfer of all, or a 
transfer of a portion of the wastewater flow from the Roger Road WRF service basin area to the Ina Road 
WRF for treatment.  Cost elements included new facilities, rehabilitation, odor control, nutrient removal, 
and future capacity needs.  Studies and  investigations included model-based evaluations, preliminary cost 
estimating, operation and maintenance (O&M) costs, an understanding/optimization of total community 
cost impacts (e.g., other water utility provider costs – Tucson Water, Metro Water, and Oro Valley 
Water), a pros/cons assessment of alternatives, and the generation of a net present value analysis..  All 
derived estimates and concepts were developed at a planning level, and based on existing published and 
PCRWRD information.  An independent cost evaluation was conducted on treatment facilities costs.  
Based on a complete analysis, a recommended configuration was developed.   
 
The following options were evaluated as part of the master plan. 
 
1. “Existing Plan” option was for both plants to continue operating with Roger Road WRF at a 

somewhat reduced capacity (32 mgd) and Ina Road WRF at an increased capacity (50 mgd).  
Evaluations included characterization and projection of sewage strength, projected flows, 
optimization of plant operations, and value and worth of existing structures and systems. 

 
2. Maintain a smaller wastewater treatment facility at the Roger Road WRF (20 mgd) to continue to 

provide effluent to the adjacent Tucson Reclaimed Water Treatment Plant, and direct the remainder of 
the influent flows and solids to the Ina Road WRF. 

 
3. Transfer of all wastewater flow from the Roger Road WRF service basin area to the Ina Road WRF, 

followed by a decommissioning and closure of the Roger Road WRF.  This option included reclaimed 
water conveyance facilities from the Ina Road WRF to the existing Tucson Reclaimed Water 
Treatment Plant adjacent the existing Roger Road WRF. 
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4. Each of the above options included an evaluation of an upgrade of the PCRWRD facilities to produce 
reclaimed water quality of Class A+, to allow decommissioning of the pressure filter system at 
Tucson Water Reclamation Facility.  Implementation of this option would require an agreement 
between Tucson Water and PCRWRD. 

 
“Existing Plan” 
The plan under the Department’s 2006 Metropolitan Area Facility Plan Update (Existing Plan) was to 
complete the necessary rehabilitation and process optimization at both facilities, construct the required 
process changes to meet the effluent limits for nutrient removal, incorporate enhanced odor control 
facilities at the Roger Road WRF and the Ina Road WRF, transfer all biosolids processing to Ina Road 
WRF, via a modified sludge line, develop a centralized biosolids processing facility with a potential to 
produce a Class A biosolids, and add a 28-mgd (average dry weather) gravity flow interconnect pipeline 
between the two facilities.  A sub-option for additional consideration is to build a new water reclamation 
campus (WRC) to serve Roger Road WRF flows and abandon the existing facility.   
 
Under this option and in the others below, water rights to the effluent are addressed in existing 
intergovernmental agreements among the City of Tucson (Tucson Water), the Conservation Effluent Pool 
(CEP), Southern Arizona Water Rights Settlement Act (SAWRSA), Pima County, and other reclaimed 
water owners. 
 
“Transfer Some” Wastewater Flow, Leaving a Portion for Reclaimed Use 
Based on economics or other issues such as reclaimed water use a smaller treatment facility at the Roger 
Road WRF (20 mgd) may be desirable, while directing the majority of the flows to the Ina Road WRF 
(62 mgd).  Under this option some of the existing facilities would be modified to treat only a portion of 
the flow in the service basin area, while directing all wastewater process solids (primary solids, and waste 
activated sludge) along with the remainder of the plant influent to the Ina Road WRF.  This would allow 
shutdown of a large portion of the facilities presently located at the Roger Road WRF, and reduce 
operations and maintenance expenses at this facility.  A sub-option is to build a new facility to serve 
Roger Road  WRF at reduced flows and abandoned the existing facility. 
 
“Transfer All” Wastewater Flows to Ina Road WRF 
In this option, all wastewater (82 mgd) is directed by gravity flow from the Roger Road WRF to the Ina 
Road WRF.  The two facilities are approximately 5 miles apart, and the Roger Road WRF is located at a 
point approximately 75 feet higher in elevation than the Ina Road WRF.  The transfer of flows could be 
achieved by a gravity flow pipeline.  Significant plant expansion and process modifications at the Ina 
Road WRF would be required to accommodate the additional flows.  All flows will need to meet the 
effluent limits for nutrient removal.  This option would eliminate the treatment plant age and related odor 
issues at the Roger Road WRF. 
 
Biosolids 
Environmental Protection Agency (EPA) Part 503 Regulations lists various methods and approaches to 
achieve a Class B or Class A biosolids.  Each option considered in the master plan includes the potential 
of processing biosolids to Class A.  Consolidation of the biosolids processing and treatment centralizes 
operations, minimizes operations and maintenance expenses and enhances third party interest in biosolids 
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disposal.  Furthermore, expanding the county-wide biosolids disposal market by securing additional 
disposal outlets are needed to provide a robust long term biosolids management program.  Disposal 
practices of the biosolids generated from the wastewater facilities and a preliminary evaluation for 
producing marketable end products was conducted.  In all cases obtaining Class A biosolids involves 
reducing vector attraction and pathogens through additional process treatment.   
 
Further, each of the options addressed associated conveyance system modifications and the impact of 
reduced discharges from the Roger Road WRF on the Santa Cruz River riparian habitats. 
 
Permits 
The Roger Road WRF and Ina Road WRF operate under Arizona Pollution Discharge Elimination 
System (AZPDES) permit numbers AZ0020923 and AZ0020001, respectively, issued by the ADEQ.  
ADEQ operates the AZPDES program under a delegation agreement with U.S. EPA.  Pursuant to state 
law, ADEQ also issues permits under a state-wide aquifer protection permit (APP) program.  The Roger 
Road WRF and Ina Road WRF operate under APP permit numbers P-100655 and P-100630, respectively. 
 
Compliance with permitting requirements for each of the options, including plant upgrades to either Class 
B+ or Class A+ reclaimed water and land setback requirements are part of the master plan program. 
Permits that regulate wastewater treatment systems and effluent quality include: 
 
Â National Pollutant Discharge Elimination System (NPDES)/AZPDES permits 
Â Aquifer Protection Permit (APP) 
Â Arizona (State) Surface Water Quality Standards 
Â State Reclaimed Water Quality Standards 
Â State Aquifer Water Quality Standards 
Â State Rule 2.05 General Permit:  Capacity, Management, Operation and Maintenance of a 

Sewerage Collection System 
 
For effluent disinfection the County facilities will need to meet Best Available Demonstrated Control 
Technology (BADCT) requirements in future expansions and upgrades.  For planning purposes 
consideration is given to the status of regulations of emerging contaminants. 
 
Flow Projection and Capacity Needs 
Expected future flows and wastewater loads for the Pima County wastewater service areas were 
developed from population projections prepared by the Pima Association of Governments (PAG). In 
particular, the overall conveyance system capacity needs within and between the service basin areas of 
Roger Road WRF and Ina Road WRF through the year 2030 were evaluated.  In addition, the population 
projections were utilized to project flow, loads, and capacity needs in the Non-Metro areas (areas beyond 
the Roger Road WRF and Ina Road WRF service basin areas). 
 
Wastewater Treatment Process 
Alternative treatment schemes for the removal of chronic toxicity caused by ammonia are evaluated to 
achieve the reduction of the amounts of ammonia and nitrogen concentrations discharged into the Santa 
Cruz River to comply with current and future environmental regulatory requirements.  Detailed outlines 
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of the treatment facilities expansion, rehabilitation and nutrient removal process changes for future permit 
compliance are identified.  Site layouts, including future setback requirements, and opinions of probable 
construction and O&M costs were identified for the most promising nutrient removal processes. 
 
Expansion options include considerations for the production of Class B+ and the possibility of the 
production of Class A+ effluent water quality, to meet the nutrient effluent limits.  For Roger Road WRF 
a determination of the facility closure requirements as required by the options, as well as, facility needs to 
allow the plant to remaining service were examined in detail.  Plans showing processes remaining, as well 
as those that would be eliminated, and other modifications required to allow the plant to operate were 
developed 
 
Plant Interconnect 
Each of the alternatives involves a transfer of some flow from the Roger Road WRF service basin area to 
the Ina Road WRF.  Capacities of the flow management structures between service basin areas and a new 
plant interconnect between the two plants were evaluated.  Sizing of the plant interconnect, based on 
gravity flow, was developed for each option.  Flow requirements were determined from existing and 
future populations served, flow allocation per capita and from the wet weather response in the conveyance 
system.  Preliminary routing alignments were prepared to investigate various planning and design issues 
related to each alternative route. 
 
Power Generation 
Evaluation of the bio-gas utilization for engine driven equipment and power generation facilities at Roger 
Road WRF and Ina Road WRF was conducted.  The advantages and disadvantages of onsite bio-gas 
utilization for engine driven equipment and power generation versus purchased power from the local 
utility were evaluated.  Consideration was given to the costs of having power available from the local 
power utility in the event that onsite power outage occurs.  For Roger Road WRF and Ina Road WRF a 
decision by Pima County is required to either continue the practice of bio-gas utilization for engine driven 
equipment and power generation onsite, or to purchase power from a local utility and to utilize bio-gas for 
heating and  cooling functions, or to sell all bio-gas to a third party for commercial use.  Through an 
expression of interest process Pima County invited the marketplace to address the potential of third party 
operations of its power utility or utilization of the biogas. 
 
System-Wide Odor Control Plan 
Odor abatement and control across the entire system is a major issue that faces the department as many 
odiferous compounds, primarily hydrogen sulfide, are generated from the conveyance and treatment of 
sewage.  With respect to the sewerage conveyance system within the Tucson metropolitan area, 
wastewater generally flows from southeast to the northwest.  Because both major treatment plants are 
located on the northwest side of Tucson, a portion of the wastewater travel time can exceed 24 hours.  
Over such long distances most of the oxygen available within the wastewater is depleted along the way.  
In turn, any sulfates present are reduced to sulfides, and hydrogen sulfide is generated.   
 
The Department owns and operates chemical dosing units (CDUs) and one biofilter within the 
conveyance system to minimize the generation and emission of hydrogen sulfide gas.  With continuing 
metro area in-fill development and growth in the Non-Metro areas the number of odor complaints is likely 
to increase unless additional efforts are taken to mitigate this issue across the system.  Therefore, a 
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comprehensive, system-wide evaluation of the conveyance systems and treatment facilities to review the 
odor control strategies/efforts, industry technologies available for the control of odors, and development 
and generation of a comprehensive overall strategy for odor was commissioned by PCRWRD. 
 
The odor control and abatement recommendations will provide for an integrated system-wide odor 
abatement strategy.  Instead of focusing on the sewage conveyance system or on the treatment plant, odor 
control for the entire system will operate as a single unit process.  In other words, the recommendations 
will ensure that odor control for the sewage conveyance system will work in concert with those used for 
the treatment facilities.  Additionally, recommendations for odor control within the conveyance system 
will not adversely impact treatment operations.  The recommendations for the conveyance system and 
treatment plants are included within the recommendations for the regional optimization master plan. 
 
ADEQ Letter of Intent 
The AZPDES operating permits for the Roger Road WRF and Ina Road WRF require the facilities to 
comply with ammonia removal standards by January 30, 2015 and January 30, 2014, respectively.  The 
ammonia removal requirements are the impetus for the master planning process.  In January 2007 
PCRWRD submitted letters to ADEQ describing its intention to meet the proposed permit requirements 
for ammonia and total nitrogen at Roger Road WRF and Ina Road WRF.  Using the information and data 
developed from the master plan studies and investigations, the correspondence identified the capacity and 
probable treatment approach at each site.  . 

1.4 Capital Improvement Plan Development 
All of the Department’s capital costs, including project costs recommended from this master plan, are 
evaluated in a 15-year CIP.  Funding sources were identified as part of a Baseline Financing Plan that 
used traditional public financing vehicles including revenue bonds, connection charges, and revenue 
financed capital.  A projection of operating and maintenance costs was developed that considered the 
effects of inflation, increased operating costs, increased demand, and the operational impact of the 
Department’s CIP.  Total revenue requirements, both operating and capital, were projected over the 
forecast period to assess the potential impacts on user rates and charges.   
 
Capital Improvement Plan 
From the master plan recommendations for wastewater facilities throughout the Pima County, project 
elements are identified for the capital improvement plan.  The basic elements of the program are: 
 
Â Ina Road WRF rehabilitation/modifications/upgrades 
Â A new water reclamation campus 
Â Plant interconnect pipeline 
Â Support facilities 
Â Conveyance system augmentation 
Â Non-Metro area treatment facilities 

 
Each of the elements is divided into multiple sub-elements that comprise the whole program.  Capital 
costs on a sub-element basis are escalated to correlate with the schedule of design and construction.  Each 
sub-element consists of costs for administration, engineering design, phased construction and startup.
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Chapter 2 -  Regulatory and Customer Requirements 

2.1 Introduction 
Regulatory agencies and customers requirements set the level of design and treatment for wastewater 
treatment facilities.  Regulatory agencies influence wastewater treatment facility design by setting 
requirements on the degree of redundancy, flexibility, security and reliability integrated into wastewater 
treatment facility design.  The level of treatment is governed by major legislation, such as the federal 
Clean Water and Clean Air Acts, State of Arizona environmental quality standards, as well as specific 
quality demands of local customers.  PCRWRD has its own set of wastewater treatment facility design 
requirements.  Both the regulatory agencies and the customer have broad impacts on the level of 
treatment required and thus the type and layout of process systems, structures, and equipment needed to 
achieve it. 
 
This chapter reviews current regulatory and customer requirements regarding wastewater treatment 
facility design and level of treatment as they relate to Pima County. 

2.2 Wastewater Conveyance / Treatment 
Many factors influence wastewater conveyance and treatment design including federal, state and 
customer requirements.  Within various federal regulations are requirements for meeting system capacity, 
redundancy, reliability and security.  Specific customer requirements influence system flexibility, 
aesthetics, operation and maintenance considerations and other aspects of design and future operations. 

2.2.1 Conveyance System Capacity 
In January 2001, the U.S. EPA approved draft regulation modifying the NPDES to include Sanitary 
Sewer Overflow (SSO) regulations.  The proposed SSO regulations included a set of requirements for 
municipal wastewater collection systems, known as CMOM, for Capacity (C), Management (M), 
Operation (O), and Maintenance (M). 
 
Although the federal rule was withdrawn in March 2004 from the Federal Register, the ADEQ 
implemented state CMOM rules on November 12, 2005.  In accordance with the rule, if an owner or 
operator of a sewage collection system wants to be covered by the new 2.05 General Permit, the owner or 
operator must develop a CMOM Plan that addresses operation and maintenance, capacity improvements, 
and spill response.  The Plan should quantify hydraulic deficiencies in the collection system, develop 
measures to assure capacity in light of deficiencies, and provide a rationale for prioritization and 
scheduling.  The state rule (R18-9-C305, 2.05 General Permit: Capacity, Management, Operation, and 
Maintenance of a Sewage Collection System) requires specifically that the CMOM Plan identify 
“components of the sewage collection system that have insufficient capacity to convey, when properly 
maintained, the peak wet weather flow of a 10-year, 24-hour storm event.  For those identified 
components, a capital improvement plan exists for achieving sufficient wet weather flow capacity within 
ten years of the effective date of permit coverage.”  Pima County Regional Wastewater Reclamation 



Pima County Regional Wastewater Reclamation Department 
Tucson, Arizona 

Pima County Regional Optimization Master Plan 

Regional Optimization Master Plan 
Final Report 

Chapter 2 – Regulatory and Customer Requirements 
 

2-10 
J:\Projects\Pima Co WM\05302-ROMP\06 Gen Studies-Rpts\6.1 Report\Final Report\Complete Report_07Nov26_Rev2.doc 

 

Department (PCRWRD) obtained CMOM coverage under the 2.05 general permit on November 11, 
2006. 
 
PCRWRD’s conveyance system (see Figure 2-1), including sewer lines, manholes, flow management 
structures and lift stations service the Pima County Metropolitan Area and the Cities of Tucson and South 
Tucson; the towns of Marana, Oro Valley and Sahuarita; and unincorporated communities such as 
Summerhaven (Mt. Lemmon), Arivaca Junction, Avra Valley, Green Valley, Corona de Tucson and 
Catalina as well as Pima County.  Portions of the system date back to 1900. 
 

Figure 2-1 
Pima County Conveyance System 

 
Legend: 
 Exit Q Deficient (calculated basin exit flow is greater than 85% of full pipe capacity at the basin exit) 
 Inlet Q Deficient (calculated basin inlet flow is greater than 85% of full pipe capacity somewhere within 
the basin) 
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Minimal capacity issues were identified in the 2006 Metropolitan Facility Plan Update [2.1].  This can be 
attributed to the conveyance system consisting of mature basins within the urban area (little or no 
projected population growth) and installation of interceptors with greater capacity than that needed to 
serve the current population.  Tremendous growth is currently occurring outside of the urban area, in 
locations served by the (satellite) Non-Metro treatment facilities or basins on the extreme upstream 
reaches of the metropolitan conveyance system.  The conveyance system is discussed in greater detail 
in Chapter 6. 

2.2.2 Treatment System Capacity  
The Metropolitan Area Wastewater Reclamation Facilities are the Roger Road WRF, Ina Road WRF, 
Randolph Park WRF. The other wastewater reclamation facilities are listed as Non-Metro treatment 
facilities. 
 
Roger Road WRF is a 41-mgd trickling filter and activated sludge facility.  The Roger Road WRF 
currently operates under an APP issued by ADEQ on May 26, 2005.  The alert level for this facility is 
40-mgd average monthly flow.  Exceedance of the alert level for flow requires a response comparable to 
exceeding alert levels for pollutants with numeric Aquifer Water Quality Standards (AWQS). 
 
Ina Road WRF consists of a 25-mgd high purity oxygen activated sludge facility and a new 12.5-mgd 
biological nutrient removal activated sludge train capable of nitrification/denitrification.  The Ina Road 
WRF currently operates under an APP issued by ADEQ on July 14, 2006.  The alert level for this facility 
is 35-mgd average monthly flow.  Exceedance of the alert level for flow requires a response comparable 
to exceeding alert levels for pollutants with numeric AWQS. 
 
State code (Arizona Administrative Code, or AAC, R18-9-A211, Permit Amendments) requires a 
significant permit amendment to the APP if an existing facility with a permitted design flow greater 
than 5 million gallons per day but less than or equal to 50 million gallons per day undergoes a physical 
change or change in its method of operation that results in an increase in design flow of four percent or 
more. Expansion at the Ina Road WRF will meet this criterion, and Best Available Demonstrated 
Control Technology (BADCT) rules for pathogen removal applies according to “the part of the facility 
that has not been required to conform to BADCT requirements for new facilities, if a facility or part of 
a facility has undergone or will undergo” any such change (AAC R-18-9-B206, Treatment Performance 
Requirements for Expansion of a Permitted Facility).  The impact of BADCT requirements are 
discussed in more detail in Chapter 2.4. 
 
The Non-Metro facilities consist of small capacity plants located throughout eastern Pima County, 
including Avra Valley WRF, Corona de Tucson WRF, Fairgrounds WRF, Green Valley WRF, Marana 
WRF, Rillito Vista WRF, Arivaca Junction WRF and Mt. Lemmon WRF.  Population growth is of great 
concern at these facilities as treatment capacities currently range from less than 0.01 mgd to 4.1 mgd.  
The Non-Metro facilities are discussed in detail in Chapter 8. 
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2.3 System Condition Assessment 
Existing condition assessments of the liquid and solid streams; unit processes; structural; electrical; 
instrumentation and control (I&C); heating, ventilation, air conditioning (HVAC)/plumbing; support 
facilities; and geotechnical aspects of the Roger Road WRF and Ina Road WRF are valuable in process 
and system developments.  These conditions are presented in Appendix B.  The evaluations aid in 
drawing conclusions regarding the suitability of the facilities to stay in service at existing, greater, or 
reduced capacity in the current treatment mode and in a converted nutrient removal mode. 

2.3.1 Conveyance System 
As described in the 2006 Metropolitan Facility Plan Update [2.1]: in 2003, PCRWRD commissioned an 
assessment of the collection system condition as part of their on-going asset management program to 
evaluate about 230 miles of trunk and interceptor sewers. This assessment was performed utilizing the 
National Association of Sewer Service Companies (NASSCO) condition codes ranging from “excellent” 
to “immediate attention required.”  The biggest areas of concern are segments of the collection system 
with unlined reinforced concrete pipe. While these segments only constitute 2 percent of the entire 
collection system, this pipe material is prone to failure in arid conditions with long wastewater travel 
times.  Hydrogen sulfide gas causes significant corrosion of the concrete, which can result in piping 
structural failure.  Segments of the collection system were rated as “poor” or “immediate attention 
required.”  The portions of the collection system with these ratings include portions of the Aviation 
Corridor, Canada del Oro, Old Nogales Highway, Pantano, Santa Cruz, South Rillito, Southwest and 
Tanque Verde Interceptors.  Other segments included in the initial condition assessment were rated at a 
“fair” or “good” condition and were recommended for reevaluation in 2008. Additional 
rehabilitation/replacement needs identified for the conveyance system includes over 3,000 manholes; 
several siphon boxes and many of the lift station wet-wells, which exhibit signs of hydrogen sulfide 
corrosion. 

2.3.2 Roger Road WRF  
The Roger Road WRF is the older of the two major treatment facilities.  The Roger Road WRF was first 
operated in 1951 and was expanded and upgraded in 1960, 1967 and 1979.  Figure 2-2 illustrates the 
process flow at this facility. 
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Figure 2-2 
Roger Road WRF Process Flow Diagram 

 
 
Wastewater treatment by-products include sludge, which is thickened and digested into beneficial biosolids. 
Digested biosolids are conveyed via force main to the Ina Road WRF and combined with digested biosolids 
from the Ina Road WRF; where it is thickened then hauled and applied to agricultural land as a soil 
amendment. 
 
Until the late 1980s, the activated sludge tanks were used only during the winter months when the 
reaction rates slowed in the biofilters due to lower temperatures and higher influent loadings.  As flow 
and influent loadings have increased at the facility, the activated sludge tanks have been placed into 
continuous service. The facility is required to continuously meet secondary treatment limits. 
 
In general the facility is well maintained and in satisfactory condition with a few exceptions considering 
its age.  The facilities, with continued good operations and maintenance practices, should provide 
satisfactory service for an additional 10 years or until new facilities are brought on line. Although, the 
electrical system is not serviceable for the long term without significant modifications and upgrades.  
Additionally, there is a significant lack of instrumentation and control.  Programmable Logic Controllers 
(PLCs) and other Supervisor Control and Data Acquisition (SCADA) devices to permit remote 
monitoring or operation are not available. 
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A detailed evaluation of the Roger Road WRF: Structures, Equipment, Electrical and Civil are provided 
in Chapter 3. 

2.3.3 Ina Road WRF  
The original Ina Road WRF was designed and constructed from 1973 to 1977 with additional facilities 
designed in the late 1990’s and placed into operation in 2006.  The existing treatment plant includes a 25-
mgd HPO Activated Sludge Process and a 12.5-mgd BNRAS process.  Modifications to the original 
design to enhance equipment performance and reliability were completed in 1990.  Average winter 
influent flow (peak season) is currently 23.8 mgd.  Figure 2-3 illustrates the process flow at this facility. 
 

Figure 2-3 
Ina Road WRF Process Flow Diagram 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This facility is much newer than Roger Road WRF.  This facility was generally rated in good condition.  
Concrete and mechanical equipment appeared to be in good condition throughout.  The existing 
instrumentation and control system was rated as good, but appeared to be underutilized for a facility this 
size.  An electrical motor control center requires some attention. Any wastewater facility must 
continually renew and replace components and systems to remain a viable operation.  Additionally, any 
modifications need to consider back-up power provisions and existing/expanded need of laboratory 
facilities. 
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A detailed evaluation of the Ina Road WRF is provided in Chapter 3. 

2.4 Effluent Quality 

2.4.1 Permit Requirements  
Regulatory objectives for effluent quality are currently established by each facility’s AZPDES and APP 
permits.  Limits in the AZPDES permits are driven by State Surface Water Quality Standards.  Limits 
in the APP permits are driven by numeric State Aquifer Water Quality Standards and BADCT 
requirements. 
 
The foremost goal is to meet permit requirements for elimination of ammonia toxicity and anticipated 
future total nitrogen limits at the Roger Road WRF and Ina Road WRF, determining the probable 
treatment approach at each site before the January 2007 submission of a Letter of Intent to the ADEQ.  
Specific Letters of Intent with capacity and wastewater treatment processes for the Roger Road WRF and 
Ina Road WRF were both issued on January 26, 2007, and can be found in Appendix C.  In the future, 
the existing treatment system may require upgrades to meet more stringent regulatory criteria and the 
demand by customers for higher quality effluent and to reduce risk.  Key factors in determining future 
treatment strategies include pathogen removal, salinity, contaminants of concern, future customer 
requirements, and risk associated with chlorine use. 
 
In the absence of a specific permit numeric ammonia limitation, an estimated value calculated to avoid 
toxicity has been used to set the treatment objective for ammonia since the mid-1990s.  The estimated 
value, under 2.0 milligrams per liter (mg/L) total ammonia-nitrogen, is based upon maintaining an 
effluent concentration of less than 0.02 mg/L un-ionized ammonia under worst-case conditions 
(i.e., measure of acidity and alkalinity (pH) of 7.2 and temperature of 32 degrees Celsius (°C)). 
 
Regulatory permit requirements for Roger Road WRF, Ina Road WRF, Randolph Park WRF, and the 
Non-Metro facilities can be found in Appendix D,  

2.4.2  Pathogen Removal 
The AZPDES permits issued for the Roger Road WRF, Ina Road WRF, Randolph Park WRF, Avra 
Valley WRF, Green Valley WRF, and Mt. Lemmon WRF include E. coli limits of 126 CFU/100 milliliter 
(mL) (four of seven samples collected per week) and 576 CFU/100 mL (single-sample maximum).  
Arivaca Junction WRF, Corona de Tucson WRF, Pima County Fairgrounds WRF, and Rillito Vista WRF 
do not have AZPDES permits; the NPDES permit for Marana WRF includes microbial discharge limits 
that match those of its APP. 
 
The APP permits for Roger Road WRF, Ina Road WRF, Randolph Park WRF, and Avra Valley WRF 
include fecal coliform discharge limits of non-detect in four of seven samples collected per week and 23 
CFU fecal coliform/100 mL or 15 CFU E. coli/100 mL (single sample maximum).  The APP permit for 
the Arivaca Junction WRF include fecal coliform discharge limits of 1000 CFU/100 mL (four of last 
seven samples collected) and 4000 CFU/100 mL (single sample maximum).  The APP permits for the 
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Green Valley WRF and Marana WRF include fecal coliform discharge limits of 200 CFU/100 mL or 
most probable number (MPN) (four of seven samples collected per week) and 800 CFU/100 mL or MPN 
(single sample maximum). 
 
Future expansions of the Roger Road WRF, Ina Road WRF and Non-Metro facilities may be subject to 
new facility BADCT requirements (refer to AAC R18-9-A211(B)(2)(b)), which apply to the following: 
 
Â Existing facilities discharging more than 5 mgd but less than or equal to 50 mgd that have 

undergone or will undergo a four percent increase in design flow  
Â Existing facilities discharging more than 0.5 mgd but less than or equal to 5 mgd that have 

undergone or will undergo a six percent increase in design flow 
Â Existing facilities discharging less than 0.5 mgd that have undergone or will undergo a ten percent 

increase in design flow 
 
For facilities discharging greater than 0.25 mgd, the BADCT requirements (set forth in AAC R18-9-B204 
through B206) include fecal coliform/E. coli limits of no organisms detected in four of seven samples 
collected per week and a single sample maximum concentration of 23 cfu/100 ml for fecal coliform or 15 
cfu/100 ml for E. coli bacteria.  An owner or operator may use unit treatment processes, such as 
chlorination-dechlorination, ultraviolet, and ozone to achieve the pathogen removal performance 
requirements.  The facilities may also be able to use soil aquifer treatment (SAT) and an alternate point of 
compliance (POC) to meet the more stringent microbial standards.  Use of SAT will require significant 
permitting discussions and approvals before acceptance by ADEQ. 

2.4.3 Salinity 
Salinity, as measured by total dissolved solids (TDS), is not directly regulated by permit but is a potential 
concern in meeting biomonitoring requirements and potential customer quality requirements.  Indicator 
microorganisms used in biomonitoring are sensitive to TDS concentrations, and TDS at a concentration of 
1100 mg/L have been identified as a cause of persistent effluent toxicity to Ceriodaphnia. End uses, 
including irrigation, cooling, and indirect reuse (via recharge and recovery), may ultimately require a 
reduction in effluent TDS levels. 
 
TDS in wastewater originates from a number of sources, including the water supply, urban additions (for 
example, discharges from residential and commercial water softeners, residuals and brines from upstream 
water and wastewater treatment plants, and cooling tower blowdown), and farming additions. Several 
studies have recently been conducted or are in progress to characterize sources and impacts of salinity [2.2]: 
 
Â Central Arizona Salinity Study (CASS) – This four-year study, conducted by the Subregional 

Operating Group (SROG) in partnership with the Bureau of Reclamation, as well as other Arizona 
Cities (Tucson, Arizona), completed in 2005, evaluated the extent and nature of the salinity 
problem and recommended corrective actions. 

 
Â West Valley Brackish Groundwater Quantification Study – This study will identify the feasibility 

of supplementing current water supplies with desalinated brackish groundwater. 
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Â City of Phoenix Cooling Tower TDS Study [2.3] – This study, undertaken by the City of Phoenix 
and completed in 2003, characterized the salt contribution of cooling towers to the 91st Avenue 
WWTP. 

Â The Reverse Osmosis/”Devaporation” Pilot Study – A cooperative effort between Arizona State 
University and the City of Phoenix, this study, being conducted at 23rd Avenue WWTP, is 
designed to accomplish nearly complete recovery of solids from membrane process reject streams. 

 
Â Phoenix Area Membrane Pilot Study – This study seeks to maximize production of reverse 

osmosis systems through increased recovery rates. 

2.4.4 Contaminants of Concern 
Emerging contaminants of concern include N-nitrosodiumdimethylamine (NDMA); pharmaceuticals, 
hormones, and other organic wastewater contaminants; and unregulated contaminant monitoring rule 
(UCMR)-listed pollutants. 
 
NDMA is classified by EPA as a possible human carcinogen, and the current AZPDES permits for the 
Roger Road WRF and Ina Road WRF require that it be monitored in the effluent.  A potential byproduct 
of chlorine disinfection, its generation is apparently enhanced by the presence of chloramines in the 
wastewater [2.4].  Detection of NDMA in the effluent could drive changes in the disinfection process at the 
wastewater treatment facilities.  The detection limit and resulting notification limit of this contaminant is 
very low; 20 nano-grams per liter (ng/L) in the state of California. 
 
Pharmaceuticals, hormones, and other organic contaminants are not currently regulated by permit at the 
wastewater treatment facilities but are of growing concern nationwide.  While requirements for 
photodegradation and biodegradation of pharmaceuticals have yet to be investigated, studies on emerging 
contaminants are receiving funds to begin testing ultraviolet and ozone effectiveness in reducing 
contaminant levels. 
 
High levels of perchlorate can cause adverse health effects such as interference with thyroid function.  As 
a result, it was added to the list of unregulated chemicals for which monitoring is required under the 
UCMR.  Arizona’s current advisory health based guidance level for perchlorate is set at 14 ppb. 
Another contaminant shown to have cancerous effects is Arsenic.  The EPA has set the maximum 
contaminant level for arsenic at 10 ppb. 

2.4.5 Future Customer Requirements 

2.4.6 Risk 
To reduce the risk associated with transporting and handling large volumes of gaseous chlorine, Pima 
County utilizes sodium hypochlorite which is safe to transport and effective for effluent disinfection. 
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2.5 Biosolids Quality 
Sludge generated at the Roger Road WRF and Ina Road WRF meets federal requirements for Class B 
biosolids.  CFR Title 40 Part 503 regulations list various methods and approaches to achieve a Class B or 
Class A biosolids.  Common approaches to achieve the highest class are:  thermophilic digestion, heat 
drying, adding lime and composting.  An evaluation will compare existing biosolids practices with the 
503 regulations listings.  An evaluation of the future spatial equipment needs to achieve a Class A 
standard are included in this 25-year master plan study. 
 
The most common method available through the Part 503 regulations to meet Class B requirements is to 
use a Process to Significantly Reduce Pathogens (PSRP).  These include aerobic and anaerobic digestion 
and alkaline stabilization processes.  The most common method available to meet Class A requirements is 
to use a Process to Further Reduce Pathogens (PFRP).  These processes include composting, heat drying, 
certain digestion processes, and certain alkaline stabilization processes.  EPA further defines “Exceptional 
Quality” biosolids as products that are treated by a Class A process and have a relatively lower 
concentration of heavy metals.  In addition to accepted PFRP and PSRP processes, the regulations allow 
demonstration of other treatment methods that are equivalent in pathogen and vector reduction. 
 
Decisions to be made include when to implement Class A treatment and which process to select. 

2.6 Air Quality 
This chapter discusses the impact of air quality regulations, summarize the current status of the WRF’s 
source classification and discuss the impact of potential project developments resulting from this study. 
 
The Roger Road WRF and Ina Road WRF are currently subject to the air quality regulations of the Pima 
County Department of Environmental Quality and the EPA.  Facility upgrades may trigger permit 
modifications and require extensive emissions modeling for the wastewater treatment processes.  
Additional emission controls and lean burn technologies will likely be required for new engines to 
comply within limits and BACT/MACT.  Permit modifications may also be required if additional HAP 
standards are promulgated by EPA.  Costs of re-permitting the power generation facilities may cost in 
excess of $100,000.  This will be included in the costs to upgrade/expand or rehabilitate the existing 
power systems. 
 
Roger Road WRF is currently categorized as a synthetic minor source for NOX, CO, and other criteria 
pollutants.  Ina Road WRF is currently categorized as a major source for NOX and CO and a minor source 
for other criteria pollutants. 
 
Roger Road WRF and Ina Road WRF have almost identical air quality operating permits regarding odor 
control.  Within the air quality operating permits are regulations involving both emissions from diesel 
generators and odor/hydrogen sulfide emissions at the facilities.  The air quality operating permit (#1913) 
for Roger Road WRF was issued on February 23, 2005 and expires on February 22, 2010.  The air quality 
operating permit (#1903) for Ina Road WRF was issued on September 12, 2005 and expires September 
11, 2010. 
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The following summarizes the requirements of Part A: General Provisions and Part B: Specific 
Conditions of both facilities’ Air Quality Operating Permits regarding odor control issues. 
 

Part A Sub-Section II, A.1. states that the Permittee shall install, operate and maintain 
air pollution control equipment or use good modern practices to minimize gaseous or 
odorous materials from being emitted in such quantities or concentrations as to cause air 
pollution.  This is listed as a federally enforceable condition. 
 
Part A.3. states that no person shall allow hydrogen sulfide to be emitted from any 
location in such manner and amount that the concentrations of such emissions into the 
ambient air at any occupied place beyond the premises on which the source is located 
exceeds 0.030 PPM by volume for any averaging period of 30 minutes or more.  For Ina 
Road WRF, the permit states this requirement is a locally enforceable condition.  For 
Roger Road WRF, there is no statement on enforcement. 

 
Setback areas are required for each of the treatment plants for odor and noise control.  The Arizona 
Administrative Code’s Title 18, Chapter 9, Part B: BADCT for Sewage Treatment Facilities section 
discusses general considerations and prohibitions regarding setback requirements for facilities undergoing 
new construction and major modifications.  New facilities or facilities undergoing major modifications 
must abide by the A.A.C.  Title 18 Chapter 9 Part B setback requirements.1, 2  These requirements include 
providing 1,000-foot setbacks for facilities with No Odor Control and 350-foot setbacks for facilities with 
Full Odor Controls.3  The Code also states that operation of sewage treatment facilities shall not cause 
emission of offensive odors on a persistent basis beyond the setback requirements.  Land area for the 
setback requirements will be included at each of the wastewater treatment plants. 

2.7 Redundancy, Flexibility, and Reliability 
Redundancy, flexibility, and reliability are significant factors in the successful day-to-day operation of 
any wastewater treatment facility.  Redundancy and flexibility provide processing reserve when units 
must be taken out of service, and reliability sustains performance under unusual operating and 
environmental conditions. 
 
Redundancy is provided by multiple process units and support equipment in each system.  As a facility is 
expanded, redundant units and equipment should be added as appropriate. 
 
Flexibility is provided by designing a plant piping system that allows redistribution of flows when a 
treatment train is out of service. 
 
                                                      
 
1 Setbacks are measured from the treatment and disposal components within the sewage treatment facility to the 

nearest property line of an adjacent dwelling, workplace, or private property.  
2 Arizona Administrative Code Title 18 Chapter 9 Part B: R18-9-B201. General Considerations and Prohibitions. 
3 Full Odor Control means all odor-production components of the sewage treatment facility are fully enclosed and 

odor scrubbers or other odor-control devices are installed on all vents. 
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Reliability is provided by use of high-quality, rugged equipment, stocking of spare equipment and parts, 
and access to an alternate source of electric power.  ADEQ currently requires that all WRFs provide, at a 
minimum, adequate dual power supply to maintain primary treatment and disinfection.  In the future, it is 
possible that the State may extend its requirement for adequate power supply to include secondary 
treatment.  In the process of site development, area will be reserved to locate the substations, generators, 
and duct banks necessary to provide backup power for secondary treatment, including effluent 
disinfection. 

2.8 Environmental Habitat Considerations for the Santa Cruz River 
Reduced discharge from Roger Road WRF may have an impact on the Santa Cruz River riparian habitats.  
Potential riparian impacts were derived from the Arid West Water Quality Research Project’s “Habitat 
Characterization Study Final Report” [2.5] and other sources such as the recent Corps of Engineer (Tres 
Rios del Norte) studies of the Santa Cruz River. 
 
Both the Roger Road WRF and Ina Road WRF discharge into the Santa Cruz River.  The Santa Cruz 
River originates as a small southerly flow in the San Rafael Valley, flows down into Mexico, and then 
north into the United States.  Historically, the Santa Cruz was a perennial stream until it reached Tubac, 
where it went subsurface.  The main sources of flow in the Santa Cruz watershed are precipitation, 
groundwater discharge, irrigation return flow, and treated sewage effluent. 
 
The majority of the river and tributary streams are intermittent or ephemeral.  Flows in the Santa Cruz 
River below the Roger Road WRF result from the discharge of effluent and any storm waters that are 
discharged to the riverbed.  From the Rillito area downstream to the its confluence with the Gila River, 
the Santa Cruz River is ephemeral, and only once every 10 to 20 years does sufficient storm flow occur to 
allow the Santa Cruz River to flow to the Gila River. 
 
Mean monthly stream flow above the Roger Road WRF outfall ranges from 0 cubic feet per second (cfs) 
(May) to 94 cfs (August) and mean monthly stream flow below the Ina Road WRF ranges from 15 cfs 
(May) (plant effluent) to 128 cfs (August).  The estimated average annual precipitation in the region is 12.4 
inches. 
 
Since the 1950s, the Santa Cruz channel has undergone severe sediment degradation in Tucson, while 
downstream reaches have experienced a period of aggradation.  Gradual arroyo cutting over the past 
century has produced a channel that is now up to 33 feet below the historical floodplain. Effluent 
discharge has caused increased channel roughness due to vegetation and increased incision in the low-
flow channel. Storm scouring can occur up to depths of 26 to 33 feet.  Furthermore, uncontrolled 
vegetative growth slows downstream velocities which effectively reduces capacity and increases flooding 
potential during rainfall events with shorter reoccurrence frequencies. 
 
Riparian habitat data were collected at five sites on the Santa Cruz River near Tucson.  Site 1, upstream of 
the Roger Road WRF outfall, is ephemeral and did not contain any flow on May 2, 2000.  Perennial 
vegetation at Site 1 is dominated by riparian vegetation that is typical of large, ephemeral drainages in 
southern Arizona.  The perennial, woody vegetation at Site 1 consists of burrowweed (Hymonoclea 
salsola), desert broom (Baccharis sarothroides), and scattered individuals of desert willow (Chilopsis 
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linearis) and Mexican palo verde (Parkinsonia aculeata). Understory species are a mix of woody shrubs 
and herbaceous species including burroweed (Haplopappus tenuisectus) and cocklebur (Xanthium 
stumarium) and a variety of annual and perennial grasses and forbs.  Conversely, riparian habitats at Sites 
2 through 5, all of which were influenced by effluent flows, are variously dominated by willow (Salix 
gooddingii), mesquite (Prosopis velutina), and salt cedar (Tamarix chinensis) or combinations thereof.  
Individuals of blue palo verde (Cercidium floridum), cottonwood (Populus fremontii) and tree tobacco 
(Nicotiana glauca) are also present.  Understory species include small individuals of the dominant species 
along with catclaw acacia (Acacia greggii), wolfberry (Lycium sp.), desert hackberry (Celtus pallida), and 
others.  At Sites 3 and 4 (Ina and Cortaro Roads) emergent vegetation in the form of cattail (Typha 
dominingensis), Bulrush (Scirpus sp.), and smartweed (Polygonum sp.), and others form a very lush 
aspect of the vegetation. 
 
Mammals, or sign thereof, observed along the Santa Cruz River at Tucson included raccoon (Procyon 
lotor), coyote (Canis latrans), pocket gopher (Thomomys sp.), and round-tailed ground squirrel 
(Spermophilus tereticaudis).  Birds included four species of ducks, white-faced ibis (Plegadis chihi), 
black-necked stilt (Himantopus mexicanus), and several species of shorebirds, songbirds, and raptors. 
Observations of reptiles included individuals of western whiptail (Cnemidophorus trigris), sideblotched 
lizard (Uta stansburiana), and tree lizard (Urosaurus ornatus).  No amphibians were observed along the 
Tucson reach of the Santa Cruz River. 
 
The effect on aquatic communities of anthropogenic attempts to control the physical dynamics of these 
streams cannot be overstated.  NPDES permit effluent limitations, based on water quality standards, 
traditionally form the basis for protection of aquatic life in all waters, regardless of the waterbody type 
(e.g., coldwater or effluent-dependent).  A regulatory dilemma arises when one considers what level of 
water quality is needed to protect the designated beneficial use.  The water quality standards regulation 
and EPA guidance distinguish between an “existing use” and a “designated use” (i.e., a potential use).  
However, water quality criteria do not reflect that distinction.  The same high level of water quality is 
deemed necessary to protect both.  That is probably not true for effluent-dependent streams.  In a 
naturally ephemeral stream that occasionally would be dry but for flow augmentation derived from 
perennial effluent discharges, all existing uses have arisen under ambient water quality conditions – 
conditions created by the discharge of effluent.  Therefore, one can conclude that existing water quality 
fully protects existing uses.  However, it may be that better water quality would increase the richness 
and/or abundance of aquatic species in the effluent-dependent stream.  Therefore, it is also possible to 
conclude that all of the potential beneficial uses are not fully supported by existing ambient discharge 
quality. 
 
Regardless of discharge quality, the aquatic habitat supported by those effluent dependent flows will be 
materially reduced if discharge is reduced.  Thus, where water quality was the factor precluding full 
attainment of the potential beneficial use, inadequate flows and insufficient habitat will severely reduce 
the maximum potential itself.  All things being equal, better water quality may improve the biological 
productivity and diversity of a stream.  But, all things are not equal.  The conclusion that the aquatic 
population will benefit from improved water quality is premised on the static assumption that everything 
else (including volume of effluent discharged) will remain the same.  The reduced capacity of treatment at 
the Roger Road WRF or increase in reclaimed usage or both will effectively reduce flow in the Santa 
Cruz River.  This change alone will potentially change the riparian habitat.  In addition, physical and 
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chemical factors associated with the creation of effluent-dependent waters also limit biological potential.  
Effluent-dependent waters and their associated riparian communities have significant potential to become 
an important habitat resource for aquatic and terrestrial species, including those species considered 
sensitive or listed as threatened and endangered. 
 
According to information from the Pima County Regional Flood Control District regarding a recent Corps 
of Engineers Santa Cruz River Study, estimates of effluent flows to sustain the existing riparian habitat 
along the Santa Cruz River below the Roger Road WRF discharge range from 2 mgd up to 16 mgd. 

2.9 Water Reuse Considerations 
The average demand (year 2006) in the Tucson water reclaimed water distribution system is 
approximately 11 mgd.  The future demands for reclaimed water are expected to significantly increase 
from the year 2006 averages.  Peak demands are 2.3 times the average.  Storage in the conveyance system 
is 15 million gallons plus storage at local golf course lakes.  The system experiences both seasonal and 
daily demands.  The peak seasonal demands are in June and July.  The low demand is in the winter.  Daily 
demands peak at night when wastewater flows at the plant are low, making system storage necessary.  
Additionally, there are several “pinch” points in the existing distribution system that limit the capacity of 
the pipelines to deliver flow.  If a source is developed at Ina Road WRF, then there would be relief on the 
distribution system to the north of Roger Road WRF and enable the system to be more flexible in meeting 
the customer demands.  If all treatment is provided at Ina Road WRF, there will need to be additional 
reclaimed water distribution piping to the south as the 24-inch line between Ina Road WRF and Roger 
Road WRF has a capacity of only 10 mgd. 
 
Additional considerations include: 
 
Â Effluent from the Sweetwater pressure filter treatment plant is blended with the recovered water 

from the recharge basin to achieve the Class A reclaimed water rating. 
Â There is no regulatory requirement for a minimum volume of discharge to the Santa Cruz River at 

Roger Road WRF. 
 
Based on these requirements, this subchapter will discuss the effluent flow and infrastructure needs 
required at the Roger Road WRF and/or the Ina Road WRF to accommodate the needs of the Tucson 
Reclaimed Water Treatment Plant (Tucson Water Reclaimed System), Pima County, the CEP, SAWRSA, 
and other reclaimed water owners. 

2.9.1 Intergovernmental Agreements 
As described in the 2006 Metropolitan Facility Plan Update [2.1]: 
 

Four IGAs between Pima County and the City of Tucson governing their effluent ownership and 
distribution: the 1979 Intergovernmental Agreement (1979 IGA), the 2000 Supplemental 
Intergovernmental Agreement, (2000 IGA, which governs the Conservation Effluent Pool), and 
the 2003 Intergovernmental Wheeling Agreement (2003 Wheeling IGA). As the dates of these 
IGAs suggest, they were sequentially passed and each succeeding IGA builds upon the previously 
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granted agreement.  A fourth IGA, the Intergovernmental Agreement titled Permitting and 
Operating Managed In-Channel Recharge of Effluent in the Santa Cruz River Channel (2003 
Managed Recharge IGA), governs the recharge of effluent allotted to the nine participants of the 
Lower Santa Cruz River Managed Recharge Project. 

 
The 1979 Intergovernmental Agreement (IGA), signed on June 26, 1979, was the original agreement 
between PCRWRD and the City of Tucson.  This agreement assigned control of wastewater conveyance 
and treatment activities to PCRWRD.  In exchange, the City of Tucson would receive rights to the 
effluent produced at the PCRWRD Metropolitan Treatment Facilities, which were limited at that time to 
the Ina Road WRF, Roger Road WRF and Randolph Park WRF. 
 
The SAWRSA was the settlement between the City of Tucson, Pima County and the United States 
Bureau of the Interior (on behalf of the water rights of the tribal nations in Pima County).  The 2000 
Supplemental Intergovernmental Agreement signed on February 8, 2000, placed restrictions on how 
PCRWRD could use the effluent from the Ina Road WRF and the Roger Road WRF.  This agreement also 
identified the need for reopening the Randolph Park WRF, which had been shutdown in 1995.  It 
provided an avenue for PCRWRD to deliver effluent to Pima County facilities.  This supplemental 
agreement also established a Conservation Effluent Pool for use with riparian habitat projects and 
identified how the SAWRSA effluent water rights would be treated in determining effluent allocations.  
The 2000 IGA identifies up to 10,000 acre feet (AF) of effluent that will be set aside for use on 
environmental restoration projects.  These projects will be in accordance with the criteria of the 2000 
IGA, or must have the approval of both the City of Tucson and Pima County. 
 
The 2003 Intergovernmental Wheeling Agreement, signed December 16, 2003, governs reclaimed water 
transactions between PCRWRD, the effluent provider; City of Tucson, the distributor and a reclaimed 
water user/owner; and other Pima County facilities, reclaimed water users.  The effluent enters the system 
at the City of Tucson’s Sweetwater Recharge Facilities and the Tucson Reclaimed Water Treatment Plant 
and through direct delivery from the Roger Road WRF; from there it is piped to various locations.  The 
Randolph Park WRF discharges its effluent directly into the City of Tucson reclaimed water system.  The 
agreement governs the costs (per acre-foot) that will be charged to Pima County for distribution of Pima 
County effluent to Pima County sites from either of these two locations. 
 
The 2003 Managed Recharge IGA governs the recharge of effluent and the associated credits granted by 
Arizona Department of Water Resources (ADWR) for the Lower Santa Cruz River Managed 
(LSCRMRP) between the Ina Road WRF and Trico Road in Marana. Participants include the Town of 
Marana, Cortaro-Marana Irrigation District, Avra Valley Irrigation and Drainage District, Metropolitan 
Domestic Water Improvement District, Flowing Wells Irrigation District, Oro Valley, Pima County, City 
of Tucson, and the Bureau of Reclamation. 
 
In accordance with the 1979 IGA, Tucson Water was awarded a majority percentage of all effluent after 
the SAWRSA distribution and Pima County was awarded a minority percentage.  However, under the 
SAWRSA and separate IGAs between Tucson Water, Metropolitan Domestic Water Improvement 
District, and Oro Valley Water, a new distribution formula was created and also incorporated into the 
2003 Managed Recharge IGA.  In accordance with this new formula, of the total effluent generated from 
all Metropolitan and Non-Metropolitan Treatment Facilities, SAWRSA had rights to the first 28,200 AF, 



Pima County Regional Wastewater Reclamation Department 
Tucson, Arizona 

Pima County Regional Optimization Master Plan 

Regional Optimization Master Plan 
Final Report 

Chapter 2 – Regulatory and Customer Requirements 
 

2-24 
J:\Projects\Pima Co WM\05302-ROMP\06 Gen Studies-Rpts\6.1 Report\Final Report\Complete Report_07Nov26_Rev2.doc 

 

and then the CEP had rights to up to 10,000 AF on an as-needed basis for environmental restoration 
projects. Since CEP is allotted after the United States receives its SAWRSA share and before either 
Tucson Water or PCRWRD receive their share, any allocation to CEP effectively reduces the remaining 
share available to Pima County and Tucson Water.  As part of a settlement, Oro Valley and Metropolitan 
Domestic Water Improvement District provide a portion of Tucson Water’s CEP share, and therefore they 
indirectly contribute to CEP.  However, at the maximum CEP allocation, PCRWRD provides 1,000 AF, 
while Tucson Water and other providers are required to provide up to 9,000 AF. 
 
Although a final agreement has not been reached between Tucson Water and Pima County as to how the 
CEP will be administered, it is currently anticipated that City of Tucson and Pima County CEP projects 
could reach the maximum CEP allotment of 10,000 AF of effluent by 2015.  As not every restoration 
project will qualify or attempt to qualify for CEP, it is difficult to say with certainty the CEP allocation 
will be consumed as quickly as anticipated.  It is possible that qualifying for CEP allocations could be a 
lengthy process involving the United States Fish and Wildlife Department.  If the CEP effluent remains 
unused as an environmental water source, it could become very difficult for PCRWRD to predict its own 
long-term effluent balance. 

2.9.2 Alternatives 
To determine the optimal treatment alternative the following evaluation criteria are considered.  Details of 
the alternatives are covered in Chapter 4 
 
Â Compatibility with Tucson Water reclaimed water distribution system 
Â Proximity of reclaimed water customers 
Â Use of existing infrastructure 
Â Volume of wastewater available at the site vs. potential reuse demand served by the site 
Â Effect on quantity of reclaimed water 

− Effect on Roger Road WRF and Ina Road WRF capacities 
− Effect on Santa Cruz River habitat 

Â Effect on overall system reliability 
Â Effect on overall system operability 
Â Impact on raw wastewater conveyance system 
Â Site availability 
Â Site compatibility with adjacent land uses 
Â Compatibility with ultimate injection of reclaimed water into potable groundwater supplies 
Â Probable capital cost impacts 
Â Probable O&M cost impacts 

2.9.3 Underground Storage Recharge/Recovery Considerations 
The benefits of underground storage and recovery include SAT, blending of reclaimed water with 
groundwater, cost-effective storage, and ability to recover water when needed.  Recharge methods for 
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underground storage include infiltration in a stream channel (e.g., Santa Cruz River), infiltration in 
constructed basins, and injection wells. 
 
For injection wells an effluent turbidity of 2 NTU or more will cause clogging over time, require periodic 
well maintenance and potential re-drilling of injection wells (especially for vadose zone injection wells) 
to keep viable.  Further, the injection wells will require chlorination to prevent biological growths within 
the well.  Lastly, injection wells are not permissible by regulation in the Tucson Aquifer Management 
Area. 
 
Constructed recharge and recovery basins can get credit for recovery of up to 100 percent of the effluent 
for use.  Managed recharge can at best get credit for recovery up to 50 percent of the effluent for use in 
the community.  To maximize effluent water utilization in the community, direct use and 
recharge/recovery will need to be located adjacent to each other... 
 
The existing Sweetwater Recharge and Recovery Facility meets a critical need to maximize effluent reuse 
by treating, storing and withdrawing plant effluent to meet peak demands of reclaimed water during the 
summer months..  It is a proven facility that is isolated from the potable water supply system because of 
favorable hydrogeologic conditions.  When considering new storage and recovery facilities the following 
criteria should be met: 
 
Â Site of at least 40 to 50 acres 
Â Favorable hydrogeologic conditions 
Â Compatible with adjacent land and water uses 

 
Conceptually, from a hydrogeologic perspective, underground storage facilities could be placed at Ina 
Road WRF if land is available and other concerns and issues are met satisfactorily.  Managed recharge for 
annual or longer-term storage could be sustained and seasonal storage and recovery could be maintained.  
However, it is important to consider that underground storage effluent will impact groundwater levels and 
groundwater movement (affecting contaminant migration) in the local area. 
 
Costs were estimated to create a SAT system with underground recharge and recovery features that is 
large enough to accommodate 32-mgd flow from the Roger Road WRF.  The costs to construct the basins 
and the piping network to distribute effluent to the basins were well over $500 million in 2006 
construction dollars.  This far exceeds the costs of other forms of effluent treatment. 

2.10 Cultural and Historic Preservation  
Pima County has an active program to preserve historic and cultural resources.  The County’s objectives 
include: 
 
Â Protect cultural identity 
Â Preserve cultural and historic heritage 
Â Retain and maintains cultural diversity 
Â Save the past for the future 
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Currently, over 3541 archaeological sites have been identified while only 12 percent of eastern Pima 
County has been examined.  This leaves a large amount to be surveyed that could unveil many more 
locations of cultural and historic heritage. 
 
Construction or demolition activities resulting from the master planning effort may reveal uncatalogued 
burials or some other cultural identity area.  If the location of construction or demolition is of 
archeological interest, a detailed survey of the area will need to be performed by State and local 
regulations early on to identify the potential for archeological discoveries. 
 
Examination of the Roger Road WRF and Ina Road WRF parcels in Pima County’s MapGuide identifies 
both Roger Road and Ina Road areas within highly sensitive archeological areas. 
 
An extensive cultural resources overview for the Tres Rios del Norte Feasibility Study project, which 
covers the areas along the Santa Cruz River upstream of the Roger Road WRF to well below the Ina Road 
WRF, was performed in 2002 further supports the archeological sensitivity of the area. 
 
As a testament to the archeological richness of the area, in April 2007 the Pima County Cultural 
Resources Department located 35 items of archaeological significance adjacent the eastern border of the 
Roger Road WRF, which substantiates the need for careful examination of the undisturbed areas along the 
Santa Cruz River for cultural resources.  Mitigating measures are planned to clear or preserve the areas of 
new construction of archeological finds to permit construction of new facilities. 

2.11 Regulatory Closure Requirements at Roger Road WRF 
If the existing Roger Road WRF is to be decommissioned as an future action of the master plan, pursuant 
to Roger Road WRF’s APP (#100655), closure requirements must be followed.  These requirements 
include: 
 
Â Submit a written notice of closure to the Water Quality Compliance Section. 
Â Submit Detailed Closure Plan to the Water Quality Compliance Section meeting the requirements 

of A.R.S. 49-252 and A.A.C. R18-9-A209(B)(1)(a) (within 90 days of the notification of closure). 
Â Submit a written notice, with supporting documentation, indicating the approved Closure Plan has 

been implemented fully to the Water Quality Compliance Section (upon completion of closure 
activities). 

 
To achieve clean closure, Post Closure requirements need to be followed.  A Preliminary Phase I 
Environmental Site Assessment was performed for an area including the Roger Road WRF and the 
surrounding County-owned area in an effort to identify recognized environmental conditions (RECs) that 
could cause a delay in completing Clean Closure requirements for the property.  The Preliminary 
Assessment identified potential issues of concern that may cause problems in achieving a Clean Closure 
for the area.  For example, at Roger Road WRF asbestos removal will need to be considered prior to 
demolition work.  Overall the issues of concern identified in the site assessment did not appear to pose 
serious problems to obtaining approval for a clean closure of a decommissioned Roger Road WRF.  Upon 
successful completion of the closure activities, a letter of approval for closure will be issued by the 
ADEQ. 
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2.12 Community Involvement Program 
The community involvement program activities consist of two public meetings and stakeholder 
interviews held during the course of the master plan development. 
 
Early in the project the first pubic meeting addressed the scope and approach of the investigations and 
was designed to solicit concerns from the community.  The second public meeting reviewed plan 
recommendations, along with results and actions for additional improvements to the County’s wastewater 
operations.  A brief summary of the Open Houses are provided below: 
 
Â ROMP Open House – October 17, 2006 

PCRWRD successfully held an open house for the general public on the project objectives and 
alternatives under consideration for the ROMP.  The event was advertised widely.  Citizens who 
attended the open house were encouraged to visit the different stations setup to address the 
different aspects of the project and ask team members project-specific questions. After the event 
comments and questions were collected by the project team for consideration in the planning 
activities.  Local media representatives were present. 

 
Â ROMP Open House & Press Conference – May 21, 2007 

PCRWRD successfully held an open house and press conference, which was advertised for the 
general public to attend.  Citizens who attended the open house were encouraged to visit the 
different stations describing the direction of the master planning efforts and ask team members 
project-specific questions. Local media representatives interviewed John Bernal, Deputy County 
Administrator, regarding ROMP details. 

 
Individual interviews were conducted with various stakeholders at the beginning of the study to gather 
their views and input for evaluation during the study.  Each interview varied from one-half hour to over 
one hour depending on the individual.  Key questions asked in every interview were: 

Â What will success look like? 
Â What are the goals and needs? 
Â What needs to happen for success? 
Â What are the three most difficult/important issues that have to be worked through? 
Â What issues can be addressed with confidence; with no confidence? 
Â What has worked well; what hasn't? 
Â What additional topics need to be addressed in each of the workshops? 

Results of these interviews are compiled and used as part of the evaluation of study alternatives.  The 
interview results are presented in Appendix E. 

2.13 Summary 
In development of the master plan the requirements and needs of the PCRWRD stakeholders, including 
regulatory agencies, customers and the general public were extensively reviewed.  The master plan results 
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meet the regulatory requirements and community needs as set forth and determined from the various 
stakeholder investigations.   In the future, the existing treatment system may require upgrades to meet 
more stringent regulatory criteria and levels of redundancy, flexibility, and reliability; and the demand by 
customers for higher quality effluent and to reduce risk to the environment. 
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Chapter 3 -  Treatment Plant Evaluation 

3.1 Introduction 
This chapter provides a overview of the two major existing treatment plants, Roger Road WRF and Ina 
Road WRF, including descriptions of: 
 
Â Existing treatment capacity 
Â Peaking factors and plant influent characteristics  
Â Plant recycle flows and loads 
Â Existing plant system arrangements and conditions 

3.2 Existing Treatment Capacity 

3.2.1 Roger Road WRF 
The Roger Road WRF is the older of the two major treatment facilities and has a permitted capacity of 41 
mgd.  It is located at 2600 W. Sweetwater Drive, Tucson, Arizona 85705.  It was first operated in 1951 as 
a 12-mgd activated sludge facility and was expanded with a separate 13-mgd trickling filter facility in 
1960 and a 13-mgd activated sludge/contact stabilization facility in 1967.  In 1979 the facility was 
consolidated into a single facility with new two, 165-foot diameter by 26-foot deep, plastic media 
biofilters with return activated sludge capability. 
 
Digested biosolids are conveyed via force main to the Ina Road WRF and combined with digested 
biosolids from the Ina Road WRF for further processing prior to final disposal. 
 
In the late 1980s, the activated sludge tanks were used only during the winter months when the biofilter 
alone could not handle the load due to lower temperatures and higher influent loadings. As the flow and 
influent loadings increased, the activated sludge tanks have been placed into continuous service to meet 
secondary treatment permit requirements. 

3.2.2 Ina Road WRF 
The existing Ina Road WRF was designed in 1973 and construction was completed in 1977. The facility 
is located at 7101 North Casa Grande Highway, Marana, Arizona, just South of Ina Road, between 
Interstate 10 and the Santa Cruz River. It consists of a 25-mgd HPO activated sludge process, a sludge 
digestion and centrifuge thickening/dewatering facility for solids handling, and a complete energy-
recovery system for heating, cooling and on-site generation of electrical power from digester gas. 
Modifications to the original design to enhance equipment performance and reliability were completed in 
1990.  
 
Recently a BNRAS treatment facility with a design capacity of 12.5 mgd was added.  The BNRAS 
process includes primary treatment and a multi-staged wastewater treatment system capable of partially 
removing nitrogen and ammonia from the waste stream.  Flows to the HPO treatment system and BNRAS 
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treatment facility are treated and disinfected separately and then combined prior to dechlorination and 
discharge into the Santa Cruz River Roger Road WRF. 

3.3 Peaking Factors 
The plant operating data for Roger Road WRF and Ina Road WRF during January 2004 through April 
2006 were used to analyze the peaking factors of the raw wastewater flow and characteristics parameters, 
including, BOD, TSS, total kjeldahl nitrogen (TKN) and total phosphorus (TP).  The results are 
summarized in Table 3-1. 
 

Table 3-1 
Peaking Factors for Influent Wastewater Characteristics Parameters 

 Roger Road WRF Ina Road WRF 
Wastewater Flow 
  Average, mgd 
  Monthly Peak Flow (MPF) 
  Daily Peak Flow (DPF) 
  Hourly Peak Flow (HPF) 

 
37.8 
1.10 
1.37 
2.00 

 
23.9 
1.14 
1.33 

2.00 (3) 
BOD(1) 
  Average, mg/L 
  MPF 
  DPF 

 
249 
1.13 
1.18 

 
252 
1.07 
1.17 

TSS(1) 
  Average, mg/L 
  MPF 
  DPF 

 
249 
1.05 
1.32 

 
271 
1.05 
1.38 

TKN(1)(2) 
  Average, mg/L 
  MPF 
  DPF 

 
33.5 
1.28 

- 

 
47.8 
1.11 

- 
TP(1)(2) 
  Average, mg/L 
  MPF 
  DPF 

 
5.4 

1.31 
- 

 
7.3 

1.03 
- 

(1) Mass loading based peaking factors adjusted with flow peaking 
(2) TKN and TP data were available only once per month for both plants and daily peaking 

factors were not computed 
(3) Assumed same as Roger Road WRF 

 
The influent (raw) flow data were used to analyze the average flow, monthly peaking factor (MPF) and 
daily peaking factor (DPF).  Although the average flow rate to the Roger Road WRF was substantially 
higher than that of the Ina Road WRF, the monthly peak flows and daily peak flow factors for the two 
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plants were similar. The diurnal flow data for the same operating period were available for the Roger 
Road WRF and were used to compute the average diurnal peaking factor (DUPF).  Then the DUPF was 
multiplied by DPF to compute the hourly peaking factor (HPF). Diurnal operating data were not available 
for the Ina Road WRF and the HPF for the Ina Road WRF was assumed to be same as that of the Roger 
Road WRF due to the fact that the MPFs and DPFs factors of both plants were similar. 
 
Peaking factors for BOD, TSS, TKN and TP were analyzed based on the mass loading, such as lbs/day, of 
each parameter.  The peaking factor based on the mass loading was then divided by the flow peaking 
factor to obtain the flow adjusted peaking factor.  Therefore, these peaking factors are concentration 
peaking factors adjusted with flow peaking. 
 
The peaking factors for the two plants were similar for flow, BOD and TSS, but somewhat different for 
TKN and TP.  While the operating data for flow, BOD and TSS were available on a daily basis, only a 
single value was available for each month for TKN and TP.  Therefore, the peaking factors for TKN and 
TP may not be as reliable as other parameters.  Monthly peaking factors only for TKN and TP were 
analyzed since only a single daily value was available for each month. 

3.4 Recycle Flows and Loads 
At the Roger Road WRF, the primary sludge and waste activated sludge (WAS) is gravity thickened or 
thickened by a gravity belt unit and anaerobically digested. The digested biosolids are conveyed via force 
main to the Ina Road WRF for further processing and final disposal.  The thickener overflow is recycled 
to the plant influent stream. 
 
At the Ina Road WRF, the primary sludge and WAS are thickened by gravity thickeners or with dissolved 
air flotation (DAF) thickeners and the anaerobically digested.  The digested sludge (biosolids) is 
combined with the digested sludge (biosolids) from the Roger Road WRF and dewatered using 
centrifuges.  The thickener and centrate recycle flows are returned to the plant influent stream.  Due to the 
centrate return from the digested sludge dewatering operation, the BOD and TSS concentrations in the Ina 
Road WRF influent are moderately higher, but TKN and TP concentrations are substantially higher than 
those of the Roger Road WRF influent as shown in the above table. 

3.5 Existing Plant Systems 
For each of the two major wastewater treatment facilities, a detailed  assessment of each system was 
performed to provide baseline information for developing alternatives and options for future 
consideration.  The system descriptions are summarized below. 

3.5.1 Roger Road WRF  

3.5.1.1 Systems Description 
The Roger Road WRF system descriptions are organized into the following areas: 
 
Â Septage Dump Station 
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Â Headworks 
Â Primary Clarifiers 
Â Biofilter Pumping Station and Biofilters 
Â Aeration Basins 
Â Final Clarifiers 
Â Chlorination/Dechlorination Facilities 
Â Gravity Thickeners 
Â Digesters 
Â Odor Control 
Â Electrical 
Â Instrumentation and Control 

3.5.1.2 Septage Dump Station 
The Septage Dump Station was originally designed with multiple dump tanks where septage hauling 
trucks could discharge septage into these tanks and tests could be performed on the septage to determine 
the septage composition.  The dump tanks are pitched the wrong way, so the dump tanks do not drain 
properly and consequently the dump tanks are no longer in use.  Instead the septage is dumped into a wet 
well.  Two Essco cyclone feed pumps pump the septage from the wet well to a grit separation unit.  Two 
cyclones degrit the septage and send the liquid to an equalization basin.  The grit is discharged to a 
dumpster.  A mixer is used in the equalization basin to keep the septage from settling.  Two Essco 
Degritted Septage Pumps are supposed to send the septage from the equalization basin to the front of the 
plant, but rags, greases, and other material continuously clog the equalization basin.  Consequently once 
per month plant staff are required to enter the wet well and equalization basin and clean them out. 
 
As stated above the Septage Dump Station does not work as originally designed.  Therefore. 
consideration should be given to having the septage trucks dump into the influent stream upstream of the 
Headworks, rather than continuing to discharge into the Septage Dump Station.  This would mean that the 
septage no longer needs to be degritted and pumped to the Headworks and that a crew of plant personnel 
would not have to monthly declog the wet well and equalization basin which would reduce maintenance. 
Furthermore, this would remove a source of odors identified at the facilities. 

3.5.1.3 Headworks Facilities 
Influent flows are split and conveyed through three Parkson Aquaguard influent climber screens.  The 
influent screens discharge onto a belt conveyor that has manually adjustable plows that can send the 
screenings to one of two new JWC Washmonster washer/compactors.  The screenings may bypass the 
compactors and travel straight to a dump body truck for landfill disposal.  The screened wastewater flows 
to two Smith and Loveless Pista Grit Tanks.  Grit is pumped to two cyclone grit separators where the grit 
is taken by two grit classifying screw conveyors.  The grit is then discharged onto the screenings belt 
conveyor where the grit and screenings are then dumped into a dump body truck for landfill disposal.  
The screened and degritted wastewater then flows to a set of three parshall flumes.  Parshall flumes No. 1 
and No. 2 meter the influent flow to yard structure No. 1 and the primary clarifiers.  Parshall flume No. 3 
is provided for future flow to Ina Road WRF through the future plant interconnect and is not currently in 
service.  The influent channels, screens, grit tanks, flow channels, and Parshall flumes are all totally 
enclosed with removable solid cover plates for odor control and will be discussed in greater detail later in 
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this chapter.  Rodney Hunt sluice gates are used to isolate screens, grit tanks, parshall flumes, and flow to 
the primary clarifiers. 
 
Plant personnel have indicated that the influent screens have worked very well since they were installed 
approximately 10 years ago.  The screenings compactors, the cyclone grit separators, and the grit 
classifying screw conveyors were replaced in early 2007. 

3.5.1.4 Primary Clarifiers 
Rectangular Primary Clarifiers No. 1 though 4, which were constructed as part of the original plant, have 
been converted to emergency overflow basins.  Normally the overflow basins are empty, but they are 
placed into service during July-August monsoon season when peak flows exceed the pumping capacity of 
pump station #4. 
 
Primary Clarifiers No. 5 through 10 are 105-feet diameter circular clarifiers.  Primary Clarifiers No. 5, 
No. 6, No. 7, and No. 8 are fed from yard structure No. 1 and Primary Clarifiers No. 9 and No. 10 are fed 
from the common influent channel downstream of the Headworks Parshall flumes.  Pump Station No. 5 
contains three Moyno Primary Sludge Pumps (PSPs) and one Dewatering Pump (DWP).  Two PSPs 
pump sludge from Primary Clarifier No. 7 and No. 8 to the Biofilters and one PSP pumps scum from 
Primary Clarifier No. 7 and No. 8 to the Digesters.  The Dewatering Pump is used to dewater Primary 
Clarifiers No. 7 and No. 8.  Pump Station No. 3 contains three PSPs and one DWP that pumps from 
Primary Clarifiers No. 5 and 6 similar to Pump Station No. 5.  Pump Station No. 14 contains seven 
Seepex PSPs.  Five PSPs pump primary sludge from Primary Clarifiers No. 1, No. 2, No. 3, No. 4, No. 9, 
and No. 10 to the Digesters or the Gravity Thickeners.  Two PSPs pump scum from Primary Clarifiers 
No. 1, No. 2, No. 3, No. 4, No. 9, and No. 10 to the Digesters.  Due to a lack of motorized gates and flow 
meters, influent flow is visually split between the primary clarifiers.  Primary Clarifiers No. 5 and No. 6 
are deeper than the other primary clarifiers and consequently have a higher solids loading than the other 
clarifiers. 
 
Hydraulically, the plant cannot take a primary clarifier out of service during the July and August period of 
high influent flows; therefore it is difficult to remove a clarifier from service for cleaning during this 
period.  Plant personnel have noted that they are very pleased with the performance of all of the Moyno 
pumps.  Noticeably absent were odor containment features on the primary clarifiers. 

3.5.1.5 Bio Recirculation Building (Pump Station No. 4) and Biofilters 
Primary effluent flows from the primary clarifiers to a wet well at the Bio Recirculation Building.  The 
Bio Recirculation Building contains four Fairbanks Morse pumps, three of which are gas engine driven 
pumps (~25 mgd each) and one is a 350 hp motor driven pump (~33 mgd).  The engine driven pumps can 
be run on either digester gas or natural gas.  There are no scrubbers on the digester gas lines, so a “dirty” 
digester gas is used, which contributes to higher than normal maintenance for the engines.  Additionally, 
concentrations of siloxanes in the sludge gas have recently increased and have become a problem at 
Roger Road WRF causing additional wear and tear on engines and other equipment that use digester gas.  
Consequently, the engines have not been operated on digester gas for nearly a year and operate on natural 
gas only.  Plant personnel indicated that there is significantly less maintenance on the engines when they 
are fueled with natural gas rather than digester gas because the natural gas is cleaner than the digester gas.   
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Like most other facilities at Roger Road WRF, equipment at the Bio Recirculation Building is operated 
manually.  The engine driven pumps are manually operated.  Speed is adjusted manually to maintain the 
wet well level in an acceptable range.  One engine driven pump is generally run until the engine reaches 
900 revolutions per minute (rpm).  Once the engine gets to 900 rpm a second engine driven pump is 
turned on.  This occurs at approximately 32 mgd.  The two engine drive pumps are then manually 
throttled to balance the flow.  The motor driven pump is used for emergency backup or when plant flow 
gets above 55 mgd. 
 
Originally, the control system modulated valve BF-7 which allowed return activated sludge (RAS) to 
flow back into the wet well to feed the biotowers.  The Bio Recirculation pumps were to run at a constant 
speed and capacity while a bubbler system controlled the bleed-back of RAS through BF-7 into the wet 
well to satisfy the pumping rate and keep the wet well level in an acceptable range.  This control is no 
longer used and as a result, the pump station must be operated manually with continual manual 
monitoring of the wet well level. 
 
The discharge piping for the Bio Recirculation pumps does not contain any isolation valves to allow a 
pump to be taken out of service.  The only valve separating a pump from the discharge header is the 
pump’s power operated discharge valve.  If that valve ever needed to be removed for service, the entire 
station would need to be shut down. 
 
The pumps in the Bio Recirculation Building send flow to two Biofilters.  Each Biofilter is 165 feet in 
diameter by 26 feet deep plastic media biofilters.  At the top of the Biofilters a large rotary distributor arm  
sprays primary effluent over the plastic media in the biofilters. 
 
The rotary distribution arms were replaced 5 or 6 years ago, and are reportedly in good operating 
condition.  The media in the biofilters has not been changed since 1979.  For the last two years plant 
operations have sent the biofilter effluent to the aeration tanks before the final clarifiers for additional 
treatment. 
 
Pump Station No. 7 is located between the two biofilters and contains three ITT A-C WAS Pumps.  
Typically WAS Pump No. 3, which has a variable frequency drive (VFD), is used to pump WAS.  If 
Pump No. 3 is out of service, then both constant speed Pumps No. 1 and No. 2 are used together to pump 
WAS.  WAS is currently sent to the Ashbrook three meter gravity belt thickener . 

3.5.1.6 Aeration Basins 
There are two sets of Aeration Basins; the South Aeration Basins (Aeration Basins No. 1 and No. 2) and 
the North Aeration Basins (Aeration Basins No. 3, No. 4, No 5, and No. 6).  The South Aeration Basins 
are single pass plug flow basins that were part of the original plant construction.  The North Aeration 
Basins are dual pass plug flow basins; which have the capabilities of being run as step feed basins.  Both 
the North and South Aeration Basins have inefficient coarse air diffusers.  The Aeration Blowers are 
located in the Blower Building to the east of the North Aeration Basins.  Three Turblex engine driven 
blowers are used to provide air to the aeration basins.  The blowers are capable of being driven by 
digester gas or natural gas.  Similar to the engines in the Bio Recirculation Building the blower engines 
are run on natural gas because of higher maintenance when run on digester gas. 
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Blowers are manually controlled by throttling the inlet guide vanes with the blowers operated at a 
constant 1,200 rpm.  Of the available isolation valves on the main air header in the blower building, only 
one is reportedly operable.  This limits which blowers can serve which aeration basins. 
 
The air flow meters inside the Blower Building show 7,600 standard cubic feet per minute (scfm) of air 
being sent to the two South Aeration Basins and 3,250 scfm being sent to the four North Aeration Basins.  
There is only one operable isolation valve on the main air header in the building able to separate flow to 
the two aeration batteries. 
 
Noticeably, there is a lack of overhead conveyance equipment and the doorways are inadequate for 
servicing the engine driven blowers and the engines. 
 
The blowers are scheduled to be replaced with two new skid mounted blowers in 2007/2008.  The 
existing blowers will remain as backups in case service from the new blowers is interrupted. 

3.5.1.7 Final Clarifiers 
There are nine 105 feet diameter Final Clarifiers each with two rake arms.  Flow from the South Aeration 
Basins is sent to Final Clarifiers No. 1 and No. 2.  Flow from the North Aeration Basins are sent to flow 
splitting structures that distribute flow to Final Clarifiers No. 3, No. 4, No. 5, No. 6, No. 7, No. 8, and 
No. 9.  The splitting structures have downward operating gates that act as weirs to distribute flow to the 
various final clarifiers.  Final Clarifiers No. 1, No. 2, No. 3, and No. 4 have a single exterior weir, while 
the newer Final Clarifiers No. 5, No. 6, No. 7, No. 8, and No. 9 have a double exterior weir.  Pump 
Stations No. 6, No. 8, No. 9, No. 10, and No. 12 contain Fairbanks Morse, Pacific Pumping Co., and 
Allis-Chalmers return sludge pumps and Netzsch and Moyno scum pumps.  Final Clarifiers No. 1, No. 2, 
No. 3, No. 4, No. 5, and No. 6 each have four floc mixers that can be used for polymer addition; however 
these have not been used for some time. 
 
Plant personnel noted that the rake arm catches on welds on the weirs for Final Clarifiers No. 8 and No. 9.  
A temporary patch has been put on the welds, so the rake arms no longer catch on the welds.  Similar to 
the primary clarifiers, hydraulically the final clarifiers can not be taken out of service.   
 
There appears to be an unnecessary flow split structure for Clarifiers No. 1 and 2.  It’s similar to all the 
other splitters except the flow re-combines directly downstream from the two splitter gates and flows 
through a common conduit to yet another splitter structure between the tanks where the actual flow split 
occurs. 

3.5.1.8 Chlorination/Dechlorination Facilities 
The Roger Road WRF originally used gaseous chlorine to disinfect its effluent; however, a few years ago 
it was decided to switch to liquid sodium hypochlorite for disinfection and to use liquid sodium bisulfite 
for chlorine neutralization to meet chlorine residual discharge limits.  Presently two temporary sodium 
hypochlorite storage tanks are located adjacent to the influent of the Chlorine Contact Tank in a 
temporary earthen berm in case of a leak.  Roger Road WRF has two permanent sodium hypochlorite 
tanks on site that will be installed within a concrete containment area in the near future.  The temporary 
sodium hypochlorite tanks will then be removed once the permanent tanks are in place. 
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Two U.S. Filter Water Champs are used in the Chlorine Contact Tank common influent channel to deliver 
the sodium hypochlorite to the liquid stream.  The feed rate of hypochlorite to the Water Champs is 
controlled by two U.S. Filter liquid chemical feeders located in a chemical feed structure adjacent to the 
contact tanks.  Feed rate is controlled to maintain a chlorine residual as discussed later under 
Instrumentation and Control.  Two sample pumps send samples to analyzers located in the adjacent 
Chlorine Feed and Storage Building, previously used for gaseous chlorine. 
 
The contact tank influent channel distributes flow to a North and South Chlorine Contact Tank each of 
which is comprised of two halves.  The interior dividing walls of the Chlorine Contact Tanks are made of 
masonry block. 
 
Effluent is extracted from the contact tanks with pumps prior to de-chlorination for use by Tucson Water 
in its reclaimed water system.  The extracted effluent is transported to the nearby water reclamation 
facility where the effluent is filtered, disinfected and pumped into the reclaimed water distribution system, 
or is directed into soil aquifer treatment basins for underground storage, later recovery and use. 
 
Adjacent to the Chlorine Contact Tank is a bulk sodium bisulfite storage tank that is enclosed with a 
concrete containment wall.  The sodium bisulfite bulk storage tank is pumped into a sodium bisulfite day 
tank also within a concrete containment wall near the effluent end of the contact tanks.  Two U.S. Filter 
Water Champs feed sodium bisulfite from the day tank into the effluent channel for chlorine 
neutralization.  Chemical feeders, similar to those used for hypochlorite feed, are located in a chemical 
feed structure adjacent to the bisulfite day tank.  These meter sodium bisulfite to the Water Champs in 
response to an effluent oxidation reduction potential (ORP) signal. 
 
The effluent channel then discharges by gravity to the Santa Cruz River.  In the event that the river is 
flowing high there are three Fairbanks Morse Effluent Pumps to pump the effluent to the river.  Since the 
Effluent Pumps are not required very often, flap gates for each pump have a tendency to seal shut from 
nonuse.  Consequently, when the pumps are operated, if the flap gates are not freed, they pump against 
these sealed gates and motor damage has occurred.  The plant personnel indicated that it is planned to 
routinely operate the pumps and gates so that the gates will not seal shut. 

3.5.1.9 Gravity/GBT Thickeners 
Roger Road WRF has three covered circular Gravity Thickeners.  Gravity Thickeners No. 1 and No. 2 
have three Moyno Thickened Sludge Pumps and two Muffin Monster grinders on the scum lines.  Gravity 
Thickener No. 3 has three Moyno Thickened Sludge Pumps and one Muffin Monster grinder on the scum 
line.  The pumps are all located outdoors on a concrete slab exposed to the elements. 
 
Emergency concrete repair work was performed on Gravity Thickeners No. 1 and No. 2 a few years ago.  
It was deemed at that time that the concrete had deteriorated to a point that the Gravity Thickeners were 
in imminent danger of collapsing.  The existing three (3) gravity thickeners have been repaired and are in 
satisfactory condition for continued operation.    Plant staff advised that the pumps and grinders are in 
good operating condition.  The Gravity Thickening Tank Mixers could be susceptible to corrosion in the 
enclosed environment. 
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Adjacent to the Gravity Thickening Tanks is the Flotation Thickening Building.  Two Komline Sanderson 
DAF Thickeners are located in this building.  The DAF units have not been operated in a couple of years.  
The DAF units have some broken parts that can no longer be ordered from the manufacturer.  The DAF 
units could be operated, but plant staff have advised that the DAF units require continuous monitoring 
and adjustments which is very labor intensive. 
 
One (1) new three meter Ashbrook GBT has been added to the sludge thickening operations with startup 
in 2007.  The GBT unit and associated pumping systems and piping are located outside on a concrete pad.  

3.5.1.10 Digesters 
There are six anaerobic digesters (four primary digesters and two secondary digesters).  Digested sludge 
is pumped to Ina Road WRF for dewatering and disposal.  Until recently the digesters could not be taken 
out of service due to hydraulic limitations until the GBT was placed into service.  Prior to this the 
digesters had not been emptied and cleaned in approximately 20 years.  There may be significant solids 
deposition within the digesters, effectively reducing the tank volume and hydraulic detention time.  Each 
digester has its own associated waste gas burner.  The engine generators in the On Site Power Generation 
Facility are the only equipment currently running on sludge gas.  Since the engine driven pumps and 
blowers are not using digester gas, a significant amount of the gas is being flared.  Since the onsite 
assessment PCRWRD modified their operating procedures to utilize more gas onsite.  The waste gas 
burners all have a white ring around the top of the burners, which is indicative of siloxanes being present 
in the gas.   
 
Digesters No. 1, No. 2, No. 3, No. 4, and No. 5 have roof mounted mixers.  Digester No. 6 has external 
draft tube mixers for mixing.  There are four Control Houses adjacent to the digesters that contain the heat 
exchangers, sludge gas equipment, and sludge pumps for all the digesters. 
 
Digesters No. 1, No. 2, No. 4, No. 5, and No. 6 show signs of shrinkage cracks in the concrete structure. 
Also, Digester No. 3 has a gas leak on the top of the tank.  When standing on the digester roof, gas could 
be heard hissing through the cracks.  This could potentially be a dangerous location with the digester gas 
capable of being igniting or causing an explosion.  This situation was promptly addressed by PCRWRD 
after the onsite assessment.  Since the digesters haven’t been emptied in 20 years, no one is certain of the 
condition of the inside of the tanks.   
 
The Gravity Belt Thickener (GBT) for thickening Waste Activated Sludge (WAS) will permit primary 
and WAS sludges to be thickened separately.  This process change is expected to increase the overall 
sludge concentration to the digesters so that a digester may be drained, cleaned and inspected.  The 
external draft tube mixers in Digester No. 6 plug frequently with solids.  The external draft tube mixers 
require excessive maintenance to keep unplugging and repairing the mixers.  The heat exchangers, gas 
equipment, and pumps appear to be in fair to good operating condition, based on visual inspection.  Plant 
personnel advised of no problems other than routine maintenance. 

3.5.1.11 Odor Control 
The Roger Road WRF has a history of odor complaints from the surrounding community.  Odors appear 
to be released most noticeably from the sewage at the headworks, primary clarifiers, biotowers and sludge 
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thickening facilities.  An odor control program confirmed these sites as primary contributors to offsite 
odors.. The System-Wide Odor Control Plan  gave a more comprehensive look where nuisance odors are 
generated and what type additional odor control is required.   

3.5.1.11.1 Septage Dump Station 
A small chemical scrubber is located next to the equalization basin and draws air off of the equalization 
basin, pump room, and grit cyclone room for treatment; however, with the clogging problems, odors are 
noticeable in the pump room and around the Septage Dump Station. Additionally, the grit cyclones 
discharge grit to a dumpster that is partially open to the atmosphere located outside the Septage Dump 
Station.  Relocating septage dumping would remove a source of nuisance odors.   

3.5.1.11.2 Headworks 
The influent channels, screens, grit tanks, and Parshall flumes are all totally enclosed with removable 
solid cover plates.  Air is drawn off near the Parshall flumes and the influent channel and sent to three 
Envirogen biofilters.  Neither the belt conveyor nor the screenings and grit dumpster are covered or 
treated, so there are fugitive nuisance odors around these areas.  An enclosure and odor treatment was 
provided at these in accordance with the recommendations of the System-Wide Odor Control Plan.  

3.5.1.11.3 Primary Clarifiers 
The six (6) operating 105 feet in diameter primary clarifiers are uncovered and open to the atmosphere.  
Under certain localized climatic conditions these tanks are a considerable contributor to offsite odors.  In 
2007 the primary clarifiers were fitted with high density polyethylene covers and an odor treatment 
system to capture and treat the odors emanating from the tank surface.    

3.5.1.11.4 Biotowers 
The biotowers are another contributor to offsite odors under certain localized climatic conditions.  The 
biotowers are 265 feet in diameter and approximately 30 above grade.  The biotowers have an open top 
and a series of vent ports near grade.  Noticeable odors have been detected at each of these locations. 
PCRWRD has a plan in place to capture the odors emanating from the biotowers and treat the odors..    

3.5.1.11.5 Gravity Thickeners 
Gravity Thickeners No. 1 and No. 2 are each covered with a concrete cover to contain odors.  Gravity 
Thickeners No. 1 and No. 2 each have three odor draw off points above the overflow troughs from which 
air is drawn to a Rosswood wet scrubber.  Each tank has its own fan that discharges into a common duct 
to the scrubber inlet. 
 
It was noted during the onsite assessment that the supply air to the gravity thickeners was around the 
perimeter of the tanks.  It would be desirable to have fresh supply air introduced over the walkway where 
plant personnel must have access to the center drive mechanism for operations and maintenance duties. 
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Gravity Thickener No. 3 has a similar arrangement as Gravity Thickeners No. 1 and No. 2.  A single fan 
draws air off of the tank above the overflow troughs at three locations and blows the air to a Paramount 
Fabrications packed tower scrubber.  The scrubber is approximately 10 years old.  The unit appears to be 
sized to treat air from a future gravity thickener, so is oversized for treating just Gravity Thickener No. 3.  
The cover on Gravity Thickener No. 3 is an aluminum dome, so the supply air handler is located on the 
ground adjacent to the thickener, unlike Gravity Thickeners No. 1 and No. 2 which have roof mounted 
units.  A chemical building adjacent to Gravity Thickener No. 3 contains a Milton Roy Sodium 
Hypochlorite Metering Pump that pumps sodium hypochlorite from a drum to the odor unit for Gravity 
Thickener No. 3.  At the time of the visit, there was no caustic being pumped to the odor control unit.  
This has since been corrected. 

3.5.1.12 Electrical 
The Roger Road WRF power distribution system consists of many electrical elements which contribute to 
the distribution of power on the plant site.  The incoming utility electric service is provided at 2400 volts, 
3-phase, 3-wire, delta ungrounded from Tucson Electric Power (TEP).  The plant power generation 
system consists of three 400 kilowatt (kW) sludge gas fired engine generators, producing power at 480 
volts, 3-phase, 3-wire delta ungrounded.  The on-site generated power is distributed on site via 
underground duct banks to several motor control centers (MCC).  The TEP 2400-volt power is distributed 
onsite via underground duct banks to seven Power Center transformers which step the power down to 480 
volts, 3-phase, 3-wire delta ungrounded and 480/277 volts, 3-phase, 4-wire.  Five of the transformers are 
delta-delta connected and two are delta-wye connected.  The Power Center transformers are substation 
type with some having additional primary distribution sections and most having secondary power 
distribution panels or secondary breakers.  The secondary power distribution panels or secondary breakers 
provide utility power to motor control centers and other utilization equipment.  Some motor control 
centers are sub-fed from other motor control centers.  The majority of the motor control centers are 
arranged with dual feed main breakers with key interlocks; one source being utility power and the other 
on-site generated power.  The power distribution system has been expanded and upgraded over the course 
of the last forty years due to plant upgrades and systems improvements.  Assessments of the power 
distribution systems major components as observed on site are provided below. 

3.5.1.12.1 2400-Volt Plant Switchgear 
A bank of three 500-kilo-volt ampere (kVA) pole mounted TEP transformers connected 13.8 kilovolt 
(kV)-2400 volts (V) provide 2400 volts, 3-phase, 3-wire, delta ungrounded overhead power to the 2400V 
Plant Switchgear.  The switchgear is configured in a hot sequence arrangement with six fusible 
switch/contactor feeder units which distribute power throughout the site.  The line-up initially consisted 
of three units installed in 1963 and expanded to six units in 1979.  The six units were refurbished by an 
off-site service contractor approximately 3 years ago.  The condition of the equipment is considered 
acceptable as the equipment has been maintained. 

3.5.1.12.2 Power Center Transformers 
There are seven power centers located across the plant site which distribute 480-volt power from their 
secondaries to motor control centers and other utilizing equipment. 
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Power Center No. 1 is located near the Flotation Thickener Building and is rated 500 kVA, 2300 – 
480V, 3-phase, connected delta/delta with a 65 degrees C temperature rise.  The primary section 
consists of a non walk-in aisle outdoor switchgear line-up with a main fusible switch, a fusible switch 
serving Power Center No. 1 and a fusible switch serving Power Center No. 4.  The secondary 
compartment has a molded case circuit breaker.  Data from plant records indicates the line-up to be 
1955 vintage General Electric equipment.  The primary switchgear doors were difficult to open and 
need to be lubricated.  The mechanical condition of the fusible switch units were not assessed as the 
equipment was energized. 
 
Power Center No. 2 is located near the Blower Building and is rated 500 kVA, 2300 – 480V, 3-
phase, connected delta/delta with a 65 degrees Celsius temperature rise.  The primary section is 
configured similar to Power Center No. 1. with a main fusible switch, a fusible switch serving Power 
Center No. 2 and space for another fusible switch.  The secondary compartment had no visible 
overcurrent device visible. Data from plant records indicate the line-up to be 1965 vintage General 
Electric equipment. The mechanical condition of the fusible switch units was not assessed as the 
equipment was energized. 
 
Power Center No. 3 is located near Pump Station No. 3 and is rated 500 kVA, 2300 – 480V, 3-phase, 
connected delta/delta with a 65 degrees Celsius temperature rise.  There is no overcurrent protection or 
disconnecting means on the primary compartment.  The secondary compartment has a distribution panel 
with molded case circuit breakers consisting of a main breaker and four feeder breakers.  Data from plant 
records indicates the line-up to be 1945 vintage General Electric equipment. 
 
Power Center No. 4 is located adjacent to Power Center No. 1  and is rated 750 kVA, 2300 – 480V, 
3-phase, connected delta/wye with a 55 degrees Celsius temperature rise and provisions for future fan 
cooling.  There is no overcurrent protection or disconnecting means on the primary compartment.  The 
secondary compartment has a distribution panel with molded case circuit breakers consisting of a main 
breaker and three feeder breakers.  Data from plant records indicate the line-up to be 1993 vintage 
General Electric equipment. 
 
Power Center A is located near the Administration Building and is rated 500 kVA, 2300 – 480V, 
3-phase, connected delta/delta with a 65 degrees Celsius temperature rise.  There is no overcurrent 
protection or disconnecting means on the primary compartment.  The secondary compartment has a 
molded case circuit breaker.  Data from plant records indicate the line-up to be 1965 vintage General 
Electric equipment. 
 
Power Center B is located near Pump Station No. 7 at the Bio Towers and is rated 750 kVA, 2300 – 
480V, 3-phase, connected delta/wye with a 65 degrees Celsius temperature rise and provisions for future 
fan cooling.  There is no overcurrent protection or disconnecting means on the primary compartment.  
Data from plant records indicate the line-up to be 1995 vintage General Electric equipment. 
 
Power Center C is located near the Process Water Pump Station in the vicinity of the Chlorine Facility 
and is rated 500 kVA, 2300 – 480V, 3-phase, connected delta/delta with a 55/65 degrees Celsius 
temperature rise.  There is no overcurrent protection or disconnecting means on the primary compartment.  
The secondary compartment has a distribution panel with molded case circuit breakers consisting of three 
feeder breakers.  Surface corrosion was visible on parts of the assembly.  Data from plant records indicate 
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the line-up to be 1979 vintage General Electric equipment.  In general all power centers exterior finishes 
are faded and chalky due the heat and environmental conditions.  Where enclosure ground connections 
were visible, cables were black, likely due to the present of H2S corrosion.  Aside from the deficiencies 
noted, all of the power centers were functional and no major malfunctions were noted. 

3.5.1.12.3 On Site Power Generation Facilities 
The engine generators and associated equipment are located in the Mechanical Building.  The generators 
consists of three natural /methane gas dual fuel engine driven generators with each rated 400 kW at 480 
volts, 3-phase, 3-wire delta ungrounded.  Engine Generators EG-1 and 2 are 1982 vintage Waukesha units 
with 12 cylinder engines operating at 900 RPM. Engine Generator EG-3 is a 1995 vintage Waukesha unit 
with a 6 cylinder engine operating at 900 RPM.  Each generator is connected to a Generator Distribution 
Center (GDC) identified as GDC No. 1, 2 and 3.  The Generator Distribution Centers are interconnected 
with electrical operated tie circuit breakers.  If generator sets are to be paralleled, this is accomplished 
with the use of a synchronizing scope and manual breaker control switches. It appears that the generators 
are normally operated isolated from each other.  Physical space is provided for a fourth future generator. 
GDC No. 1, 2 and 3 are located in the same room as the generators.  GDC No. 1, 2 and 3 distribute 480 
volts, 3-phase, 3-wire delta ungrounded power to the plant motor control centers.  GDC No. 1 is a 1982 
vintage switchboard.  GDC No. 2 and 3 is a continuous line-up of 1998 vintage switchboard.  Though not 
confirmed, record drawings indicate that EG-1 and EG-2 may both have initially been connected to GDC 
No. 1 and perhaps split during the 1998 upgrade with EG-3.  Main breakers for each of the generators are 
aligned in a continuous arrangement between GDC No. 1 and 2.  Condition of the GDCs, generator main 
breakers and paralleling equipment shows average wear.  Exteriors are dirty due to the environment in 
which they are located. Maintenance personnel advised that the overhead bus tie to GDC No. 1 from the 
associated generator main breaker has had a continuing problem with a loose connection as noted by a 
thermal graphically survey  Aside from a loose connection, the equipment has functioned satisfactorily. 

3.5.1.12.4 Motor Control Centers 
There are two styles of motor control centers used throughout the plant and are located adjacent to and 
within the process structures.  Outdoor motor control centers are provided in National Electrical 
Manufacturer’s Association (NEMA) 3R enclosures with front access weatherproof doors.  Doors are 
provided with filters in the ventilation slots to prevent the infiltration of dirt.  Some enclosures have roof 
top mounted exhaust fans that are thermostatically controlled and others are not ventilated.  Due to their 
physical location, most are dirty on the exterior. 
 
The majority of all motor control centers are configured with two main breakers; one from the utility 
source and the other from the generator source.  The breakers are key interlocked so that only one breaker 
can be closed at a time.  The two equipment design vintages for all of the motor control centers on site are 
General Electric 7700 Line and General Electric 8000 Line.  Some are provided with or retrofitted with 
transient voltage surge suppression (TVSS) and others have no protection.  Protection has been provided 
in line-ups where loads served include sensitive or electronic equipment.  MCC CA is an outdoor line-up 
located at the Effluent Pump Station.  The line-up consists of early vintage variable frequency drives 
which no longer function satisfactorily.  The line-up and associated Effluent Pumps are currently 
scheduled for replacement.  MCC 2B is located at the Chlorine Feed and Storage Building.  The line-up is 
NEMA 1 construction located outdoors in a covered area.  As the associated building is not in service and 
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the remaining electrical load is minimal, replacement is not imperative at this time.  Table 3-2 provides a 
list of each motor control center. 

3.5.1.12.5 Plant Grounding System 
Plant maintenance personnel confirmed that there are problems with the existing plant grounding system.  
The system has been professionally examined and tested in the past with the results on file in the plant's 
maintenance library.  This is an ongoing issue which will be addressed in forthcoming service upgrade 
alternatives being presented by another consultant under a separate contract agreement. 

3.5.1.12.6 Electrical Feeders 
There are no records to indicate that the medium voltage feeders have been tested since their original 
installation.  Plant maintenance personnel did not indicate there being any feeder problems on the 2400 
volt (V) system.  Insulation resistance tests were performed in 2003 on the motor control center feeders 
by Electro Test an independent testing service.  The results were published in Technical Memorandum 1 
dated July 2003 by Kennedy/Jenks Consultants.  The results of the tests recommended replacement of B 
and C phase feeder cables to MCC-C and B phase feeder cable to MCC-BC.  It was not determined if 
these feeders had been replaced. 
 



Pima County Regional Wastewater Reclamation Department 
Tucson, Arizona 

Pima County Regional Optimization Master Plan 

Regional Optimization Master Plan 
Final Report 

 Chapter 3 – Treatment Plant Evaluation 
 

 
 

3-15 
J:\Projects\Pima Co WM\05302-ROMP\06 Gen Studies-Rpts\6.1 Report\Final Report\Complete Report_07Nov26_Rev2.doc 

Table 3-2 
 Pima County Roger Road WRF – Motor Control Centers Assessment 

 
 

 

EQUIPMENT TAG LOCATION MANUFACTURER VOLTAGE TYPE BUS AMPS YEAR BUILT MAIN CIRCUIT BREAKER
MCC-1 FLOTATION THICKENER BUILDING (INDOOR) GE 7700 480 V 3PH, 3W 600 A 1955 600 A
MCC-1B DIGESTER NO. 3 (OUTDOOR) GE 8000 480 V 3PH, 3W 600 A 1982 300 A
MCC-1C PUMP STATION 1 (OUTDOOR) GE 8000 480 V 3PH, 3W 600 A 2000 100 A
MCC-2 BLOWER BUILDING (INDOOR) GE 8000 480 V 3PH, 3W 600 A 1995 600 A
MCC-2A HEADWORKS (INDOOR) GE 8000 480 V 3PH, 3W 600 A 1989 250 A
MCC-2B CHLORINE BUILDING (OUTDOOR COVERED) GE 7700 480 V 3PH, 3W 600 A 1982 150 A
MCC-2BE CHLORINE BUILDING (OUTDOOR COVERED) GE 8000 480 V 3PH, 3W 600 A 1995
MCC-2C PUMP STATION 9 (OUTDOOR) GE 7700 480 V 3PH, 3W 600 A 1965 200 A
MCC-2D PUMP STATION 12 (OUTDOOR) GE 8000 480 V 3PH, 3W 600 A 1995 200 A
MCC-3A PUMP STATION 2 (OUTDOOR) GE 8000 480 V 3PH, 3W 600 A 2002 100 A
MCC-3B PUMP STATION 8 (OUTDOOR) GE 7700 480 V 3PH, 3W 600 A 1982 200 A
MCC-3C MECHANICAL BUILDING (INDOOR) GE 7700 480 V 3PH, 3W 600 A 1982 200 A
MCC-3D PUMP STATION 10 (OUTDOOR) GE 7700 480 V 3PH, 3W 600 A 1982 200 A
MCC-3E GRAVITY THICKENER NO. 3 (OUTDOOR) GE 8000 480 V 3PH, 3W 600 A 1995 200 A
MCC-4A DIGESTER NO. 5 (INDOOR) GE 8000 480 V 3PH, 3W 600 A 1982 200 A
MCC-4B DIGESTER NO. 6 (INDOOR) GE 8000 480 V 3PH, 3W 600 A 1995 200 A
MCC-AA ADMINISTRATION BUILDING (OUTDOOR) GE 8000 480 V 3PH, 3W 600 A 1996 200 A
MCC-AB PUMP STATION 14 (OUTDOOR) GE 8000 480 V 3PH, 3W 600 A 1999 200 A
MCC-BC PUMP STATION 4 (INDOOR) GE 7700 480 V 3PH, 3W 600 A 1982 200 A
MCC-BF PUMP STATION 7 (OUTDOOR) GE 7700 480 V 3PH, 3W 600 A 1982 100 A
MCC-BG DIGESTER NOS. 1 AND 2 (INDOOR) GE 7700 480 V 3PH, 3W 600 A 1982 250 A
BRP-4BR (MCC-BH) PUMP STATION 4 (INDOOR) GE 8000 480 V 3PH, 3W 600 A 1993 800 A
MCC-C PROCESS WATER PUMP STATION (OUTDOOR) GE 7700 480 V 3PH, 3W 600 A 1982 600 A
MCC-CA EFFLUENT PUMP STATION (OUTDOOR) GE 7700 480 V 3PH, 3W 600 A 1982 400 A
MCC-CB DECHLORINATION BUILDING (INDOOR) GE 8000 480 V 3PH, 3W 600 A 1995 200 A
MCC-CBE DECHLORINATION BUILDING (INDOOR) GE 8000 480 V 3PH, 3W 600 A 1995
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3.5.1.12.7 Comments on Electrical System 
There are numerous upgrade projects in the planning, design and implementation stages which may 
impact the existing electrical distribution system.  The impact of the upgrades has not been factored in the 
evaluation of the existing equipment.  The issues discussed herein before relate only to the condition 
assessment of the equipment as installed at the time of the onsite assessment.  All electrical distribution 
equipment is thermal graphically inspected annually and problems corrected upon completion of the 
inspections.  There is some electrical equipment which is probably more susceptible to problems or 
possible failure due to its age, but at present is functioning satisfactorily.  Equipment falling into this 
category would be the 2400V Plant Switchgear, 7700 Line motor control centers and older 480V feeders.  
It is suggested that this equipment be considered for systematic replacement if the existing system is to 
remain viable.  Also, a short circuit and coordination study is suggested as numerous electrical changes 
have been made over the years and the study would be beneficial in identifying problem areas in the plant 
electrical distribution system. 
 
PCRWRD undertook an extensive evaluation of the electric system at Roger Road WRF in 2006 to 
address short and long term power issues.   Numerous actions resulted from the evaluation.  However, 
considering the long term fate of the existing electrical system at Roger Road WRF, PCRWRD was able 
to consider interim power/electrical measures in several areas and was able to save $6 million dollars in 
capital construction that would have not have had value in the future facilities.  The interim electrical 
measures will provide adequate service over the life of the facility. 

3.5.1.13 Instrumentation and Control 
The process instrumentation at Roger Road WRF consists mainly of open channel flow meters, sludge 
flow meters, tank level transmitters, digester gas and air flow meters and chlorine residual and ORP 
instruments for disinfection.  Most instruments are operational.  The instruments are discussed below in 
their respective process areas. 

3.5.1.13.1 SCADA System 
The plant has a rudimentary SCADA backbone that is fully functional but is under-utilized.  The 
backbone consists of a fiber optic trunk network that runs throughout the plant and connects a number of 
Allen-Bradley PLCs using a DH-Plus™ network protocol.  The fiber optic PLC network interconnects the 
following facilities: 
 
Â Chlorination Facility 
Â Dechlorination Facility 
Â Digesters 
Â Generator (Maintenance) Facility 
Â Biotowers (Pump Station No. 4) 
Â Blower Building 
Â Headworks 
Â Administration Building 
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The entire plant has less than 600 monitored and computed parameters, many (~120) of which are from 
the abandoned chlorination and dechlorination facilities.  The SCADA system has two computer 
workstations at the Administration Building running Rockwell RS-View™ HMI software that the 
operators use primarily to monitor real-time trends of various analog inputs and also equipment and 
process alarms using process graphic displays.  The system is fully functional. 
 
There is virtually no information monitored regarding equipment running status or the positions of the 
various valves and gates.  While the PLCs have the capability of being programmed for remote control, 
that capability has not been implemented.  There is presently no ability to remotely start or stop any 
equipment using the SCADA system.  There is some automatic control being performed locally, but for 
the most part, the plant is operated completely manually. 
 
In summary, there is a sound hardware foundation and network backbone to the SCADA system that has 
not been adequately developed to provide a useful real-time aid to Operations personnel.  What was 
installed is adequate for as far as the system was developed.  But the overall system is in need of a 
significant upgrade to fully utilize the system’s capabilities.  At the very least, the addition of remote 
control of equipment would serve the operations personnel well after a power interruptions by eliminating 
the need to go all over the plant to restart equipment. 

3.5.1.13.2 Headworks 
There are three Parshall flumes that measure the plant influent downstream from the screens and grit 
tanks.  Two of the flumes are active and operate as parallel meters to measure influent flow.  Flow is 
combined immediately downstream of the flumes and sent to the primary clarifiers.  The third flume is 
provided to measure to the flow into the future plant interconnect with Ina Road WRF.  That flume is not 
in use.  The two active flumes are equipped with ultrasonic level transmitters which compute flow 
through each flume. 

3.5.1.13.3 Primary Clarifiers 
The only instrumentation associated with the clarifiers is the flow meters on the sludge lines to the gravity 
thickeners.  Although some of the meters are quite old, they appear to be in good working condition and 
are installed properly with respect to upstream and downstream piping runs. 
 
Scum pumps are manually controlled locally and scum discharge lines to the digesters are not metered. 
 
Primary sludge pumps are controlled locally based on time cycles. 
 
Â Primary tanks Nos. 1-4, 9 and 10 are on a repeating cycle of 7 minutes running, 3 minutes off. 
Â Primary tanks Nos. 5-8 are on a repeating cycle of 9 minutes running, 1 minute off. 

3.5.1.13.4 Biotowers and Biotower Pump Station 
The biotower feed pumps all discharge into a common header which feeds the biotowers in two 
directions.  Although there is manually operated butterfly valve at the feed point to each biotower, there is 
no way to determine the flow split to each tower.  As a result, Operations personnel report having 
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observed instances where the biotower distribution arms were not moving in one of the biotowers at low 
flows.  Because of piping arrangement, flowmeters would have to be added to the underground piping to 
measure the flow split, which could then be controlled by the manual butterfly valves. 
The original control system which blended RAS back into the feed pump wet well based on wet well level 
is no longer in use.  The original system was configured to run the pumps at a constant speed and 
maintain the wet well level by blending RAS back into the wet well to make up the difference between 
pumping rate and influent to the wet well from the primary tanks.  This control system has been 
abandoned and the pumps are now manually adjusted in response to wet well level changes as measured 
by a pneumatic bubbler system.  RAS is no longer returned to the biotowers. 
 
The pump engines each have dedicated control panels with IDEC PLCs.  Status and control signals are 
hardwired from each panel to a master panel (FID-BR) which contains an Allen-Bradley PLC acting as a 
data concentrator on the SCADA network.  The system is operational and the bubbler system for the wet 
well is reportedly trouble-free. 

3.5.1.13.5 Aeration Tanks 
There is no way to measure or control the wastewater flow split to the various aeration tanks. 
 
Aeration Tanks No. 1 and No. 2 have orifice plates installed to measure the flow of air to the diffusers.  
There is a flow control valve located only five feet upstream from each meter.  This lack of sufficient 
straight upstream piping can distort the flow profile and makes the accuracy of these meters questionable.  
The orifice plates have no transmitters to allow remote monitoring of the flow.  Instead, they have local 
differential pressure gauges calibrated to read in scfm.  The gauges were pegged at maximum flow when 
observed.  The indicators appear to be quite old. 
 
Aeration Tanks Nos. 1 and 2 each have Hach LDO dissolved oxygen probes located at the end of each 
pass.  These were newly installed meters.  Each tank was reading between 3 and 3.3 mg/L dissolved 
oxygen (DO) when observed.  These meters are state of the art and require significantly less maintenance 
than earlier generation DO meters. 
 
Aeration Tanks Nos. 3 through 6 also have orifice plates installed to measure air flow to the diffusers.  
However, these meters have the proper unobstructed upstream piping runs.  The flow control valves for 
these lines are located roughly four feet downstream from the meters.  These meters also have no 
transmitters.  They are equipped with old Foxboro differential pressure indicators.  These flow meters 
should provide acceptable accuracy. 
 
Aeration Tanks Nos. 3 through 6 also have newly installed Hach LDO dissolved oxygen meters.  The 
probes are installed at the end of the second pass in each tank.  The probe for Tank No. 3 was removed for 
repair during the onsite assessment.  The remaining tanks had DO readings ranging from 2.41 to 3.05 
mg/L when observed. 

3.5.1.13.6 Blower Building 
Each of the three engine driven blowers have a dedicated package control panel with an Allen-Bradley 
PLC.  Blowers are controlled by modulating the inlet guide vanes with the engine driven blower running 
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at a constant speed.  The blower panels are connected to the fiber optic SCADA network at master panel 
remote terminal unit (RTU)-BB which converts the copper interface signals from each panel’s PLC to 
fiber optic signals. 
 
The north and south air discharge headers from the blowers are isolated and separately metered.  Air flow 
meters are thermal mass flow elements and are functioning properly and installed with the recommended 
straight upstream piping run.  When observed, Blower 2 was serving the south feed to Aeration Tanks 
Nos. 1 and 2 and was reading 7,600 scfm.  Blower 3 was serving the north feed to Aeration Tanks Nos. 3 
through 6 and was reading 3,250 scfm. 

3.5.1.13.7 Flow Split to Final Clarifiers 
Each of the flow split structures have down-opening gates that act as flow control weirs.  The gates are 
hand operated.  With this arrangement there is no accurate way to control the flow split to the clarifiers.  
Plant I&C staff are in the process of equipping each gate mechanism with an ultrasonic level/flow 
transmitter to measure the flow over the movable control weir.  This is considered to be a very good 
approach to achieving better flow distribution to the final clarifiers.  Flow control weirs are not extremely 
accurate, however, as long as they are all configured the same way, they should be very repeatable.  This 
approach should allow Operations personnel to more accurately control the hydraulic loading to the 
clarifiers. 
 
Plant staff is also considering adding motor actuators to the weirs to be able to control the flow split in 
real-time. 

3.5.1.13.8 Final Clarifier RAS and WAS Flow Metering 
All return and waste activated sludge lines from the final clarifiers are well instrumented.  All sludge lines 
are equipped with magnetic flowmeters.  These meters all appear to be operating properly and are 
installed with the correct piping configuration upstream and downstream from the meter. 
 
Scum pumps are manually controlled locally and scum discharge lines to the digesters are not metered. 

3.5.1.13.9 Disinfection Facility 
Disinfection is achieved by feeding sodium hypochlorite in response to chlorine residual at the contact 
tank.  There are two U.S. Filter liquid chemical feeders located in the hypochlorite feed building that 
meter the hypochlorite under vacuum to the two U.S. Filter Water Champs in the common contact tank 
influent channel.  A sample pump taking suction from the east contact basin a short distance downstream 
from the Water Champs conveys a sample to a chlorine residual analyzer in the old chlorination feed and 
storage building.  When observed, this analyzer was reading 5.59 mg/L total chlorine.  This was the 
analyzer being used to control the hypochlorite feed rate. 
 
A second chlorine analyzer was assigned to monitor the residual of the process water which was pumped 
from the contact tanks effluent channel.  This analyzer indicated 3.6 mg/L total chlorine when observed.  
The controls are configured with a selector switch to allow either of these two analyzers to control the 
hypochlorite chemical feeders. 
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Each contact tank has an ultrasonic level transmitter located in the first pass of the tank, well upstream 
from the effluent weirs, to compute flow.  It is unclear why these transmitters were located so far away 
from the effluent weirs. 
 
Dechlorination is achieved using a sodium bisulfite feed system which is identical to the hypochlorite 
liquid chemical feeders.  The bisulfite feeders are located in a small dedicated structure adjacent to the 
day tank.  Sodium bisulfite is fed to two Water Champs located just upstream from the two effluent 
Parshall flumes.  Each flume has an ultrasonic level/flow transmitter.  Chemical feeders are paced by the 
flume flow readings and control to an ORP probe reading immediately downstream from the flumes.  
There is an alternate ORP analyzer at the outfall sampler location which can also be used for control. The 
ORP transmitters are located in the old dechlorination feed facility.  The flume outlet probe was reading 
105-107 millivolts when observed.  ORP control of dechlorination is becoming very common and is 
considered appropriate technology for accurate control. 

3.5.1.13.10 Thickener Metering Building 
Magnetic flowmeters are provided in the metering building for the measurement of makeup water, 
primary sludge and WAS to the gravity thickeners.  All meters are functioning and installed properly. 

3.5.1.13.11 Gravity Thickeners 
Combustible gas detectors located inside the covered thickener reportedly foul rapidly due to sulfide 
contamination, requiring replacement every few months. 
 
Thickener No 3 has two thickened sludge magnetic flowmeters, whereas Thickeners No. 1 and No. 2 have 
no thickened sludge metering. 

3.5.1.13.12 Sludge Digesters 
All digesters have thermal mass flowmeters which measure the flow of service gas and gas to the waste 
gas burners.  These are appropriate meters for this application and functioning correctly. 
 
Digesters No. 4 and No. 5 are secondary digesters and are equipped with liquid level transmitters and gas 
holder cover position transmitters.  Although relatively old, these appear to be functioning properly. 

3.5.1.13.13 Sludge Pumping Station 
The sludge transfer pumps have a magnetic flowmeter to measure the flow of sludge transferred daily to 
the Ina Road WRF.  This meter is installed in a pit and is functioning properly. 

3.5.2 Ina Road WRF  

3.5.2.1 System Description 
The Ina Road WRF systems descriptions are organized into the following chapters: 
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Â Emergency Overflow Basins 
Â Headworks 
Â High-Purity Oxygen Activated Sludge Process 

− Primary Clarifiers 
− Activated Sludge Reactors 
− Secondary Clarifiers 
− Sludge Thickeners 
− Chlorination Facilities 
− Digesters 
− Odor Control 

Â Biological Nutrient Removal Activated Sludge Process 
− Intermediate Pump Station 
− Primary Clarifiers 
− Anoxic/Aeration Basins 
− Secondary Clarifiers 
− Chlorination Facilities 
− Odor Control 

Â Centrifuge Building 
Â Covered Sludge Storage Basin 
Â Dechlorination 
Â Electrical 
Â Instrumentation and Control 
Â Laboratory Facilities 

3.5.2.2 Emergency Overflow Basins 
There are three concrete lined Emergency Overflow Basins at the Ina Road WRF.  The three basins can 
hold approximately 19 million gallons of overflow.  In case of an emergency, flow can be diverted from 
the Headworks to the overflow basins.  Overflow Basin No. 1 will fill and then overflow a weir into 
Overflow Basin No. 2 which will fill and then overflow a weir into Overflow Basin No. 3.  There is a 
drain that sends flow back from Basin No. 3 to Basin No. 2 then to Basin No. 1, which has a pump that 
pumps the overflow back to the Headworks.  The Overflow Basins are used only a couple of times per 
year to hold overflow from the Headworks, usually during monsoon season. 
 
In addition to holding plant overflow, the Emergency Overflow Basin No. 1 is used to store and dewater 
plant screenings that are too wet to be disposed of at a landfill, the contents of vactor trucks hauling from 
scum pits and sump pumps at the plant, and also the contents from vactor trucks that are cleaning out 
clogs in the collection system.  From these sources grease, raw sludge, solids, and other highly odorous 
materials are dumped into the basins to dry.  Once the materials have dried, front end loaders transfer the 
material to trucks which remove the material for landfill disposal.  By doing this, the Emergency 
Overflow Basins have become a major source of offsite nuisance odors.  There have been numerous odor 
complaints from patrons of a sports park that is located a couple of hundred feet from the basins.  Since 
late 2006, some of the sports park complaints are attributed with the landfill operation adjacent to the 
Emergency Overflow Basins.  Ina Road WRF personnel have begun a regiment of applying a sodium 
hypochlorite solution into the stored materials in the basins to curb odors. 
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3.5.2.3 Headworks 
Influent flow is split through two U.S. Filter Rake Arm style Coarse Screens.  There is room for a future 
third Coarse Screen.  The Coarse Screens discharge onto a Serpentex style belt conveyor.  The belt 
conveyor carries the coarse screenings to a coarse screenings hopper that stores the coarse screenings 
until disposal.  When a disposal truck drives underneath the coarse screenings hopper a gate opens and the 
disposal truck is loaded for landfill.  If the coarse screenings belt conveyor were to be out of service, plant 
personnel would use a bypass chute off the coarse screens into a manual dumpster. 
 
The coarse screened wastewater is then pumped up approximately 20 feet in elevation by three Influent 
Screw Pumps capable of pumping 32 mgd each.  There is room for a future fourth Influent Screw Pump.  
Usually one pump and sometime two pumps are running.  The pumps are capable of running in Auto 
mode from SCADA but are generally run in local manual mode. 
 
The pumped influent flows through three Parkson Aquaguard moving media Fine Screens.  The Fine 
Screens discharge onto a belt conveyor which discharges onto a shorter reversible cross belt conveyor.  If 
the fine screenings belt conveyor were to be out of service, plant personnel would use a bypass chute off 
the fine screens into a manual dumpster.  One screen is always run continuously in Computer Manual 
mode.  Manual operation does not interlock the screen with the conveyor.  A second screen runs in 
Computer Auto mode (repeating timed cycle), which does interlock the screen with the conveyor.  The 
screens are set to operate in this manner to prevent the conveyor, screenings washer/press and reversible 
cross conveyor from operating continuously when little amounts of screenings are being collected. 
 
The reversible cross conveyor discharges the screenings into one of two Waterlink Hycor Screenings 
Washers.  The Screenings Washers discharge the washed screenings into an associated Waterlink Hycor 
Screenings Press.  The two Screenings Presses each discharge screenings into a fine screenings hopper.  
The fine screenings hopper works similar to the coarse screenings hopper. 
 
The screened wastewater flows to three Aerated Grit tanks.  The grit tanks have chain and flight collector 
mechanisms.  Four blowers located in the blower room beneath the grit tanks are used to aerate the grit.  
Grit is then pumped by five Wemco Grit Pumps to three Wemco Hydrogritters Grit Washers where the 
grit is removed from the wastewater, washed and discharged to a grit hopper.  The grit hopper is used in a 
similar capacity to the screenings hoppers. 
 
The screened and degritted wastewater then flows through a single Parshall flume discharging to the 
conduit feeding the HPO system and BNRAS system.  This flume measures the total influent flow to the 
treatment plant. 
 
The influent channels, Influent Screw Pumps, Aerated Grit Tanks, Parshall flume, and grit tank effluent 
channels are all covered with solid cover plates and concrete.  This is for odor control and will be 
discussed in greater detail under odor control below..  Rodney Hunt sluice gates are used to isolate 
screens, grit tanks, parshall flume, and flow to the rest of the plant.  An Ingersoll Rand service air 
compressor was installed in the basement of the Headworks facilities underneath the stairwell.  Plant 
personnel indicated that the compressor worked, but code will not allow for a compressor in the stairwell, 
so they will be relocating the compressor to another location in the Headworks. 
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Plant personnel have indicated that the Coarse Screens, belt conveyors, Influent Screw Pumps, Fine 
Screens, and gates all work well and are in good condition.  The only problem experienced is that the 
coarse screen rake mechanism bounces excessively during travel.  This has caused the metal support 
structure to suffer fatigue breaks on different occasions.  Plant staff has been able to weld and reinforce 
the metal support frame.  The Screenings Washer is experiencing problems with stones and rocks.  Stones 
and rocks that are caught by the screens are wearing away at the brushes within the Screenings Washers.  
Consequently the Screenings Washers brushes need frequent replacement and the cycle times for the 
washing are longer.  Plant personnel also mentioned that there are high levels of grease in the influent.  
The Screenings Presses would run and the grease would be extruded and dumped back into the 
Headworks.  Consequently the grease levels would keep increasing since the grease would never leave the 
system.  To solve this, plant personnel have removed the plate that the press would compress against, so 
now the press simply extrudes uncompressed screenings to the hopper.  Because the screenings are not 
being pressed, the screenings are much wetter than is acceptable for land fill disposal.  Occasionally a 
truck will have to dump the screenings into the Emergency Overflow Basin to dry, prior to being disposed 
of at a landfill.  This practice has been discontinued.  Another problem that occurred with the Screenings 
Presses is rock accumulation.  As rocks build up within the press area, the press is unable to compact the 
rocks and the unit faults out on “incomplete press cycle”, resulting in the washer and screens faulting out 
due to interlocks with the press. 
 
The grit and screenings hoppers drains are sloped the wrong way, so liquid does not drain away from the 
hoppers, resulting in a wet load for the disposal trucks that occasionally need to empty the hopper loads 
into the Emergency Overflow Basins to dewater.  Plant personnel noted that the grit pumps send grit to 
the grit washers in two lines; however, there are three units.  As a result, there is not enough flow capacity 
so that all three units could run at one time.  It was also noted that the drains on the Grit Washers were all 
undersized, so if too much flow is sent to the Grit Washers, the room containing the grit washers, 
screenings washers, and screenings presses will flood. 

3.5.2.4 High-Purity Oxygen Activated Sludge Process 
The older portion of the Ina Road WRF treats wastewater flows up to 25 mgd using a HPO process.  The 
facilities that are part of the HPO process are described below. 

3.5.2.4.1 Primary Clarifiers 
There are four concrete covered rectangular Primary Clarifiers that have two sections per clarifier.  Each 
clarifier has plastic chain and flight collectors.  Ten years ago, helical scum skimmers were installed at 
the effluent weirs of the clarifiers.  Centrate from the Centrifuge Building was originally pumped to the 
Headworks, however, the centrate line became plugged by struvite.  Centrate is now being pumped 
directly to the influent box of the Primary Clarifiers.  The common influent channel also receives all other 
recycle flows.  Six Wemco Primary Sludge Pumps are located in the tunnels beneath the Primary 
Clarifiers.  There are four Muffin Monster grinders on the headers of the Primary Sludge Pumps.  There is 
one Allis-Chalmers Dewatering Pump that can dewater the clarifiers. 
 
Plant personnel indicated that the drives for the collector mechanisms have been rebuilt over the years and 
appear to be in good condition.  The concrete tanks appear to be in good condition with only normal 
shrinkage cracking evident, based on external visual inspection.  Severe corrosion was evident at the 
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scum skimmer building, to the point of making the doors difficult to open and close.  The scum 
skimmings are often so thick that the two scum pits at the Primary Clarifiers can not be pumped out by 
the existing scum pumps.  Either a vactor truck must vacuum the scum from the scum pits and then empty 
the scum in the Emergency Overflow Basins or plant personnel must spray a hose into the pit to dilute the 
scum enough to be pumped. 

3.5.2.4.2 Activated Sludge Reactors 
Flow from the Primary Clarifiers goes to the four Activated Sludge Reactors where high purity oxygen is 
introduced to the space above the liquid surface.  The four Activated Sludge Reactors each have three 
stages.  Each stage has a Lightning surface aerator to transfer the high purity oxygen into the mixed 
liquor. Sample ports and access manways are located by each surface aerator.  A foam suppression system 
is provided at the discharge end of the reactors, but plant personnel stated that the system had never been 
used.  In the tunnel beneath the Reactors, there is an Aurora Reactor Dewatering Pump that can be used to 
dewater the Reactors.  Along the North side of the Activated Sludge Reactors is the Oxygen Production 
Facility which produces all on the oxygen that is introduced into the Activated Sludge Reactors.  The 
oxygen facility equipment consists of three Pressure Swing Absorption (PSA) type HPO generators. 
Three Union Carbide PSA Oxygen Generators are located outside the blower building.  Within the blower 
building, there are three Joy Manufacturing Co. Oxygen Generation Compressors, two Joy Manufacturing 
Co. Instrument Air Compressors, two Chilled Water Pumps, one Basco Inc. Air Cooler, and one 
Wilkerson Refrigerated Air Dryer.  Also located outside the building are two liquid oxygen (LOX) 
storage tanks.  The plant normally receives one delivery load of liquid oxygen per week. 
 
The concrete top of the Reactors has normal shrinkage cracks, but in one location, a very large chunk of 
concrete has broken off the rest of the concrete top.  Plant personnel advised that because of the concrete 
cover on top of the Reactors, no one is certain of the condition of the concrete beneath the tank cover. 

3.5.2.4.3 Secondary Clarifiers 
Flow from the Activated Sludge Reactors is distributed to four 115-foot diameter circular Secondary 
Clarifiers.  The Secondary Clarifiers all have Dorr-Oliver collector mechanisms.  Due to the hydraulics of 
the plant, the clarifiers are located approximately 5-feet below grade so that the wastewater stream may 
flow by gravity to the clarifiers.  The RAS Pump Station is located between the four Secondary Clarifiers 
and contains five vertical centrifugal RAS pumps and five vertical centrifugal WAS pumps.  The VFDs 
for the RAS Pumps and the WAS Pumps are located in the adjacent Vacuum Filtration Building.  The 
Vacuum Filtration Building no longer is used for filtration; instead it is now used to house the VFDs, 
electrical gear, and a laboratory. 
 
The clarifiers still have their original Dorr-Oliver collector drives, so some signs of wear are evident on 
the drive and bridge.  The Plant personnel indicated no operational problems however.  The concrete of 
the clarifiers, based on visual inspection only, appears to be in good condition.  The RAS Pump Station 
had recently flooded and all the pumps were submerged.  Plant personnel advised that the pumps have 
been sent to the manufacturer for cleaning and maintenance and have been reinstalled by staff. 
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3.5.2.4.4 Sludge Thickeners 
Four 40-foot diameter Gravity Thickeners were constructed as part of the original construction at Ina 
Road WRF.  In the 1980’s Gravity Thickeners No. 2 and No. 4 were converted into DAF Thickeners.  In 
the 1990’s Gravity Thickener No. 1 was converted into a DAF Thickener.  At present there are three DAF 
Thickeners, each with Eimco drives and one Gravity Thickener with a Westech drive.  Between Tanks 
No. 1 and No. 3 there are two Peerless DAF Recirculation Pumps with a spot for a future third pump if 
Gravity Thickener No. 3 is converted to a DAF Thickener.  There are also two Kaeser Air Compressors 
and one Westech Pressurization Tank.  Between Tanks No. 2 and No. 4 there are three Peerless DAF 
Recirculation Pumps and two Pressurization Tanks.  The basement of the Thickener Building contains six 
Carter Pump Thickened Sludge Pumps.  These pumps were replaced in the late 1980’s.  At the top of the 
tanks is an influent splitter box.  The sludge is split to either Tanks No. 1 and No. 3 or to Tanks No. 2 and 
No. 4.  After this split, dedicated pipes to a particular tank feed each tanks influent feed box.  Due to open 
hatches atop the tanks and open air splitter boxes and feed boxes, odors are very noticeable within the 
Thickening Building. 
 
Plant personnel indicated that rehabilitation of the tanks has been performed within the last four years, so 
the tanks, based on visual inspection and the testimony of plant staff, appear to be in good condition.  
Thickener No. 1 has a new pump and accessories.  All of the equipment between the remaining tanks is 
showing signs of excessive wear and tear.  Between Tanks No. 2 and No. 4, new DAF Recirculation 
Pumps and a new Pressurization Tank are scheduled to be installed by in-house personnel to replace the 
existing equipment.  This could be the result of the equipment being exposed to a corrosive environment.  
The tanks are closely placed to one another so not a lot of air flows between the tanks.  Combine the open 
air splitter boxes and feed boxes with the lack of fresh air and a corrosive environment is created that can 
result in premature degradation of the equipment and higher than normal maintenance. 

3.5.2.4.5 Chlorination Facilities 
The Chlorination Facilities of the HPO system disinfect only the HPO system effluent.  The BNRAS 
system has its own chlorination facility.  Dechlorination of the combined effluent from both systems 
occurs together and will be discussed in a later chapter. 
 
The HPO system has two Chlorine Contact Tanks.  A Service Water Building is located upstream of the 
Chlorine Contact Tanks.  The Service Water Building contains three Worthington Cooling Water Pumps, 
four Fairbanks Service Water Pumps, one Superchanger heat exchanger (providing cooling water for 
engines), two Chlorine Water Booster Pumps, a sodium hypochlorite flash mixer, and a sampler pump.  
The flash mixer injects sodium hypochlorite into the HPO plant effluent stream.  The HPO plant effluent 
then is split to the two Chlorine Contact Tanks.  After going through the Chlorine Contact Tanks, the 
HPO plant effluent travels through a parshall flume.  The parshall flume is undersized for the current 
flow, so flow measurements are no longer accurate from this flume.  Adjacent to the Service Water 
Building, two sodium hypochlorite storage tanks are located within a concrete containment area and two 
sodium bisulfite storage tanks are located within a separate concrete containment area. 
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3.5.2.4.6 Digesters 
There are four anaerobic digesters, all presently being operated as primary digesters.  Three Digesters 
have four external draft tube mixers (which are only used when the Digester are being fed) and one center 
mixer.  The fourth digester has only an Enersave Fluid Mixers Inc. center mixer.  Digesters No. 1 and 
No. 3 have fixed covers.  Digesters No 2 and No. 4 have floating covers.  The four Digesters share a 
waste gas burner.  A Digester Control Building is located between the four Digesters and contains four 
National Welding and Manufacturing Co. Digester Gas Compressors, four EIMCO heat exchangers (two 
new and two originals), Varec sludge gas equipment, four Peerless Hot Water Pumps (for Heat 
Exchangers) two Peerless Service Water Pumps, four Wemco Heat Exchanger Pumps, and five Watson 
Marlow Sludge Pumps (two originals and three from the 1980’s). 
 
Based upon visual inspection, the digesters show signs of shrinkage cracks and some wear but generally 
appear to be in good condition.  Plant personnel indicated there has been discussions regarding the 
replacement of the existing external draft tube mixers and center mixers on the three Digesters with an 
Enersave center mixer similar to what is on the fourth Digester. 

3.5.2.4.7 Odor Control 
The Ina Road WRF has not had a history of odor complaints from the surrounding community as it has 
primarily been isolated from the surrounding community.  With construction of the sports park adjacent to 
the plant and community growth encroaching upon the facility, odor complaints are rising.  Some 
facilities at Ina Road are uncovered tanks and the influent wastewater is high in hydrogen sulfides (H2S) 
and other odor causing compounds.  A comprehensive air sampling program gave a comprehensive look 
where nuisance odors are generated and what type of additional odor control is required.  The odor 
control program undercovered several areas where odor containment and treatment could be improved.  
PCRWRD is undertaking a program to address the areas in need of additional odor control. 

3.5.2.4.7.1 Headworks 
The influent channels, screw pumps, aerated grit tanks, and parshall flume are all totally enclosed with 
concrete covers and provided with removable solid cover plates for access.  Air is drawn off the influent 
channel, the coarse screen room, the influent screw pumps, fine screen room, grit tanks, grit tank effluent 
channels, and Parshall flume and sent to two Metpro Corp. chemical scrubbers.  Each chemical scrubber 
has an inlet fan.  Each chemical scrubber discharges to three carbon units (total of six carbon units). 
 
Plant personnel indicated that the chemicals from the chemical scrubbers were causing a scummy buildup 
that was plugging the drain lines.  Consequently the chemical scrubbers were taken out of service about 3 
years ago.  There is no bypass, so air still must flow through the chemical scrubbers on its way to the 
carbon units.  The carbon units, based on external visual inspection, appear to be in good condition.  Plant 
personnel advised that the carbon life was estimated to be five years.  The carbon units have been running 
for longer than five years and the carbon has not experienced an odor breakthrough.  In the screenings 
rooms there are noticeable odors. 
 
Staff noted that there is no way to get inside the scrubber ducting to inspect it or clean it. 
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3.5.2.4.7.2 Primary Clarifiers 
The primary clarifiers have a concrete cover over them to contain odors.  Multiple odor draw off points 
located along the side of the clarifiers draw off air and send the air to a biological scrubber that is located 
adjacent to the clarifiers for treatment.  The Primary Clarifier effluent weirs and skimmers are located in 
the Skimmer House.  The Skimmer House originally had rolling overhead doors to bring equipment in 
and out of the Skimmer House.  These doors have since corroded away and the openings have been 
boarded up.  Also, the access doors are showing signs of heavy corrosion and will have to be replaced in 
the near future.  The environment within the Skimming House is highly corrosive and odorous. 

3.5.2.5 Biological Nutrient Removal Activated Sludge Process 
The new portion of the Ina Road WRF treats wastewater flows uses a BNRAS process.  This process was 
placed in service in late 2006.  The different facilities that are part of the BNRAS process are described 
below. 

3.5.2.5.1 Intermediate Pump Station 
The screened and degritted wastewater that is not sent to the HPO System is sent to the BNRAS system 
for treatment.  Four Fairbanks Morse vertical turbine submersible pumps are provided  to pump the 
wastewater to the new Primary Clarifiers.  Gates are provided to isolate the pumps.  A jib crane is 
provided  to remove the pumps when service or repair is needed. 
 
At the time of the field inspection, the Influent Pump Station had not yet been placed into service for 
pumping sewage.  During startup, while pumping water instead of wastewater, plant personnel indicated 
that they discovered that the influent magnetic flow meter measuring flow between the Pump Station and 
the Primary Clarifiers was oversized.  As a result, low flow measurements taken by this magmeter may be 
inaccurate, a smaller magmeter should be installed in its place. 

3.5.2.5.2 Primary Clarifiers 
There are two new rectangular Primary Clarifiers with two sections in each tank.  U.S. Filter chain and 
flight collector mechanisms are installed in each clarifier.  Three Wemco Primary Sludge Pumps are 
located in the gallery beneath the Primary Clarifiers.  Two scum pumps are installed at the effluent end of 
the Primary Clarifiers.  Helical scum collectors, similar to the helical collectors on the Primary Clarifiers 
in the HPO process, perform the scum skimming. 

3.5.2.5.3 Anoxic/Aeration Basins 
Wastewater from the Primary Clarifiers flows by gravity to the Anoxic Basin Pre-Mixer Chamber.  The 
Pre-Mixer Chamber contains two Chemineer mixers.  From the Pre-Mix Chambers, the wastewater flows 
to the Anoxic Basin influent channel for distribution to the four Anoxic Basins.  Gates are provided  to 
isolate flow to each Anoxic Basin.  Each Anoxic Basin has four Chemineer Anoxic mixers (sixteen total).  
After the wastewater flows through the Anoxic Basin it then flows through the Aeration Basins.  There 
are five aeration basins that have five air header pipe drops per tank to provide air to fine pore diffusers.  
At the end of each Aeration Basins are two Chemineer Aeration Mixers (ten total).  The aerated 
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wastewater then discharges to the effluent channel and to the Mixed Liquor Splitter Structure.  Four 
Fairbanks Morse vertical turbine submersible Mixed Liquor Pumps are used to pump the wastewater to 
the new Secondary Clarifiers.  There is room for three Mixed Liquor Pumps in the future.  A jib crane is 
provided at the Mixed Liquor Splitter Structure to remove the Mixed Liquor Pumps for maintenance and 
repair.  The new Blower Building contains four 600 hp Lamson Blowers to provide process air to the 
Aeration Basins.  Each Blower has a filter.  Two Xchanger Inc. Heat Exchangers are also located in the 
Blower Building to dissipate the heat in the process air from the blowers. 

3.5.2.5.4 Secondary Clarifiers 
The BNRAS plant has three 135-foot diameter circular Secondary Clarifiers with Walker Process drives 
and two rake arms per tank.  The liquid level of the Secondary Clarifiers is approximately 12 feet below 
grade making it very difficult to clean the effluent weirs.  To the North of the Secondary Clarifiers is the 
RAS/WAS Pump Station.  The RAS/WAS Pump Station contains four Fairbanks RAS Pumps (with room 
for two future RAS pumps) for pumping RAS to either the Anoxic Basin or upstream of the Intermediate 
Pump Station.  There are also four Fairbanks WAS Pumps (with room for one future pump) for pumping 
WAS to the Thickening Tanks.  Two Gorman Rupp Scum Pumps are provided to pump Scum to the 
Thickening Tanks.  The Tank Drain Sump contains two submersible pumps and a bubbler system that can 
be used to drain the Secondary Clarifiers and Chlorine Contact Tank back to upstream of the Influent 
Pump Station. 

3.5.2.5.5 Chlorination Facilities 
The Chlorination Facilities for the BNRAS system disinfect only the BNRAS system effluent.  The HPO 
system has its own chlorination facility as discussed above.  Dechlorination of both systems occurs 
together and will be discussed in a later chapter. 
 
The BNRAS system has two Chlorine Contact Tanks.  The BNRAS plant effluent splits to the two 
Chlorine Contact Tanks.  Each tank uses a flash mixer to inject sodium hypochlorite into the BNRAS 
plant effluent stream.  After flowing through the Chlorine Contact Tank the chlorinated BNRAS plant 
effluent comes back together and flows to the dechlorination equipment.  Three Fairbanks Morse Service 
Water Pumps use the chlorinated plant effluent as service water for the plant.  There is room for a future 
fourth Service Water Pump. 

3.5.2.5.6 Odor Control 

3.5.2.5.6.1 Influent Pump Station 
A chemical scrubber is located adjacent to the Influent Pump Station to treat odors exhausted from the 
Influent Pump Station and influent channels. 
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3.5.2.5.6.2 Primary Clarifiers and BNRAS Tankage 
Air is exhausted from the Primary Clarifiers, Skimmer Building and the BNRAS Anoxic Basins and is 
sent to a chemical scrubber located next to the Primary Clarifiers.  Air is exhausted from the BNRAS 
Aeration Basins and is sent to a chemical scrubber located next to the BNRAS Primary Clarifiers. 

3.5.2.6 Centrifuge Building 
Sludge from Ina Road WRF and Roger Road WRF is handled within the Centrifuge Building.  There are 
five Sludge Holding Tanks capable of storing 120,000 gallons each.  Sludge Holding Tank No. 1A, 1B, 
and 1C hold Ina Road WRF and Roger Road WRF digested sludge separately.  Sludge Holding Tank No. 
2 holds centrate and dilution water from Roger Road WRF that is sent back to the primary clarifiers.  
Sludge Holding Tank No. 3 holds thickened sludge that is sent to the Sludge Storage Bladder.  Two 
Moyno pumps are used to pump the thickened sludge from Sludge Holding Tank No. 3 to the Sludge 
Storage Bladder.  Four Hydromatic pumps are used to pump sludge from Sludge Holding Tank No. 1A, 
No. 1B, No. 1C, and No. 2 to the associated locations. 
 
Two Sharples centrifuges installed in the mid 1980’s and one Alfa Laval centrifuge installed 2-1/2 years 
ago thicken the Ina Road WRF and Roger Road WRF sludge to about 8 percent solids.  Normally one 
centrifuge is run at one time.  Four Reeves Feed Pumps pump sludge to the centrifuges.  Two Reeves 
Cake Pumps installed in the mid 1980’s and one Schwing Cake Pump installed 2-1/2 years ago pump 
cake solids to Sludge Holding Tank No. 3.  The Schwing Pump was installed in case the plant decides to 
go to dewatering with the centrifuges at some time.  Three Reeves Polymer Feed Pumps installed in the 
mid 1980’s and one Viking Polymer Feed Pump installed 2-1/2 years ago pump polymer from totes along 
the wall to the centrifuges. 
 
On the roof of the Centrifuge Building is the pig receiving station in the sludge pipeline from Roger Road 
WRF.  A splitter box with a bar screen receives the sludge pumped from Roger Road WRF.  Plant 
personnel manually switch valves to direct the flow of   sludge and dilution water to different holding 
tanks when a pig appears.  They also rake the bar rack to remove rags and any other solids that are caught 
by the bar screen and dispose of them in chute to a dumpster along the north side of the Centrifuge 
Building. 
 
At the time of the Greeley and Hansen site assessment, one of the Sharples centrifuges had been sent back 
to the shop for routine maintenance.  The pumps, centrifuges, and polymer equipment, based on visual 
inspection and reports by plant personnel, all appear to be in good shape. 
 
Before going onto the roof to look at the pig receiving station, a handheld gas detector was required to 
make sure that no gases were at hazardous levels on top of the roof.  This is because odorous air escapes 
from the sludge holding tanks through the candy cane shaped intake vents located only a foot or so above 
the roof slab at many locations across the top of the roof.  These vents allow escaped gas to collect along 
the slab below the roof parapet. 
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3.5.2.6.1 Centrifuge Building Odor Control 
One small carbon unit adjacent to the East side of the Centrifuge Building and two large carbon units 
adjacent to the North side of the Centrifuge Building are used for odor control at the Centrifuge Building.  
Plant personnel indicated that the odor system was originally designed to treat odors eight hours per day; 
however the units are now treating odors twenty four hours per day and, in the opinion of plant personnel,  
are undersized for this application.  Plant personnel have moved the chemical scrubber that was no longer 
in service at the Vacuum Filter Building to the North side of the Centrifuge Building.  There have been 
discussions of connecting the chemical scrubber to the existing carbon odor control system at the 
Centrifuge Building to supplement the existing treatment capacity. 
 
Odors are noticeable within, around, and on top of the Centrifuge Building.  PCRWRD took action to 
improve odor capture and provide acceptable levels of odor treatment at the centrifuge building. 

3.5.2.7 Covered Sludge Storage Bladder 
Thickened Sludge is pumped from Sludge Holding Tank No. 3 in the Centrifuge Building to a rubber 
covered Sludge Storage Bladder located nearby within an earthen berm.  The sludge is stored here for 
disposal trucks to remove and haul away.  The disposal trucks are filled at a truck loading station that is 
adjacent to the storage bladder.  The truck loading station pumps sludge out of the storage bladder to the 
disposal trucks. 
 
Due to the age of the bladder (>25 years) the structural integrity is a concern .  The bottom of the bladder 
is not visible for inspection.  It is not possible to determine the condition of the bottom and interior of the 
bladder.  Based upon visual observation, the top of the bladder appears to be in good condition.  No leaks 
or tears are evident on the top of the bladder. 

3.5.2.8 De-chlorination 
Chlorinated plant effluent from the BRNAS system and the HPO system comes together in a large vault 
just to the west of the HPO Chlorine Contact Tanks.  At this point, de-chlorination is achieved by feeding 
Sodium Bisulfite to this vault and injecting it into the combined flow.  Just downstream of this vault is a 
sampling structure where effluent ORP is measured for control of the de-chlorination chemical feeder. 
 
The combined plant effluent discharge flow meter structure is located northwest of the plant and along Ina 
Road north of the landfill.  A 6-foot Parshall flume nested within a 10-foot parshall flume measures the 
effluent flow.  Future flows require a 10-foot Parshall flume; however, current flows would not register 
accurately on such a large parshall flume.  The 6-foot Parshall flume nested within the 10-foot parshall 
flume is able to measure current flows.  In the future, when the flows increase to be in excess of the 6-foot 
parshall flume capacity, the 6-foot Parshall flume will be removed from the larger flume.  At that point, 
the 10-foot Parshall flume will measure flow. 
 
There is also a duplicate measurement of effluent ORP made at this metering structure. 
 
These structures are all new, and based on visual inspection, concrete and equipment appear to be  in 
good condition. 
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3.5.2.9 Electrical 
The Ina Road WRF electrical power distribution system is served from utility sources and on site 
generators.  The HPO plant constructed during the 1970's and the Centrifuge Building added in the 1980's 
are powered by the generators at the plant power generation facility.  The current plant expansion is 
powered from three separate TEP incoming utility electric services. 
 
The plant power generation system consists of seven 650 kW, 4160 volts, 3-phase generators connected 
in parallel to 4.16 kV Switchgear “A/B”.  Switchgear feeder breakers distribute power to six outdoor unit 
substations and three 400 horsepower Oxygen Compressors. The unit substations are connected delta-wye 
with their secondaries rated 480-volts, 3-phase.  The secondary of each unit substation serves a close 
coupled walk-in aisle 480-volt switchboard with the exception of the two at the Centrifuge Building.  The 
Centrifuge Building unit substations serves a motor control center directly from the secondaries of the 
substation transformers.  Those configured with secondary switchboards distribute power to motor control 
centers and other utilization equipment. 
 
The three TEP incoming utility electric services are located at the Headworks, New RAS/WAS Pump 
Station and the Blower Building.  TEP provides incoming power at 13.8 kV, 3-phase that is stepped down 
at each location to the required utilization voltages using Plant owned transformers and unit substations.  
The utility electric services are autonomous from each other and are individually metered for billing. The 
power distribution system at each facility is further described in detail within this assessment. 

3.5.2.9.1 Plant Power Generation System 
The plant power generation system is housed in the Energy Recovery Facility which has been renamed to 
the Powerhouse.  The engine generator units with heat recovery equipment are located on the ground 
level floor with associated 4.16 kV Switchgear “A/B” located on the upper level floor. 
 
Each of the 650 kW, 4.16 kV, 3-phase plant generator units is driven by a 12 cylinder Waukesha engine 
capable of operating on methane, natural, or propane gas.  The generators are by Electric Machinery Co. 
which they no longer manufacture.  The plant is normally operated with five units generating power to the 
plant, one unit in the standby mode and one unit down for maintenance.  Two units are normally operated 
on methane and three units on natural gas.  The amount of methane gas currently produced by the plant 
determines the number of units operating on methane. Propane is provided as a back-up source for the 
natural gas pipeline. Each unit has been re-built four times since the initial installation which equates to 
approximately 7 years or 43,000 hours of operating time between overhauls.  Presently, operating times 
have been extended to 45,000 hours.  Removal of the units for major overhauls requires the use of “A” 
frames and fork lifts as there is no overhead crane in the building.  Due to the limitations in the machining 
tolerances of the engine blocks and the subsequent operational failure of Unit #5, the blocks for Units #5, 
6 and 7 have been replaced.  A local outsource maintenance shop has been providing maintenance on the 
generators which has proven to be satisfactory.  As part of the overall energy system, heat is scavenged 
off the engines for use in HVAC systems, production of chilled water, domestic hot water and heating 
sludge in the digesters. The heat recovery system is not addressed herein as the focus of this assessment is 
the electrical equipment and systems. 
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The 4.16 kV Switchgear “A/B” has line-up air magnetic circuit breakers and generator paralleling 
controls manufactured by Waukesha Engomatic Control.  The air magnetic circuit breakers are 
manufactured by ITE which is no longer in business.  A local outsource maintenance shop has been 
providing maintenance on the circuit breakers which has proven satisfactory.  The bussing of 4.16 kV 
Switchgear “A/B” is arranged with two generators on the Section “A” bus, four generators on the Section 
“B” bus and a single generator on a third bus isolated by tie breakers connected to Sections “A” and “B “.  
The Section “A” bus primarily feeds the three 400 horsepower Oxygen Compressors with Section “B” 
serving the majority of the remaining plant loads.  The original design intent was for Sections “A” and 
“B” to operate independently of each other with the single generator assigned to either Section “A “or 
Section “B”.  However, a subsequent upgrade to the lineup allows both tie breakers to be closed with all 
of the generators operating in parallel on a common bus.  All paralleling operations are manually 
achieved using synch scopes on each line-up.  Previously, there was a surging issue on the Section “A” 
bus due to the cycling of the Oxygen Compressors.  The upgrade was made to better manage load sharing 
among all of the operating units.  Additional upgrades to 4.16 kV Switchgear “A/B” include digital 
metering, electronic governor controls, updated excitation controls and two new feeder breaker sections 
added to each section for serving the Centrifuge Building. 
 
The engine generators have been maintained since the initial installation.  Replacing the remaining 
original engine blocks as the units come due for overhaul should continue as part of the ongoing 
maintenance.  4.16 kV Switchgear “A/B” has likewise been meticulously maintained.  Despite the age of 
the line-up, the equipment appears to be in excellent condition.  The conditioned environment of the 
Electrical Room has probably contributed to the switchgears overall condition and serviceability. The area 
of concern is the non-availability of ITE air magnetic circuit breakers.  Vacuum circuit breakers are 
currently available from various manufacturers which would be suitable for use as replacements in the 
existing switchgear. 
 
The location of the switchgear in the upper floor level Electrical Room of the Powerhouse presents 
physical limitations for removing equipment from the building for maintenance.  The doorways and 
associated clearances allow for limited access.  New vertical sections added to serve the Centrifuge 
Building were moved through the existing doorways one section at a time.  If partial or full replacement 
of the switchgear were required, movement of equipment to and from the room would be slow and time 
consuming. 
 
The unit substations discussed herein were provided as part of the original 1970's treatment plant and the 
1980's addition of the Centrifuge Building.  These unit substations distribute power throughout the plant 
site from 4.16 kV Switchgear “A/B”. 
 
Unit Substations Nos. 2, 3, and 4 have redundant feeds on the primary from 4.16 kV Switchgear “A/B”. 
Each is configured with an outdoor substation type transformer with a secondary close coupled walk-in 
aisle 480V Switchboard.  The primary for each has dual main circuit breakers which are key interlocked 
to allow only one source to be energized at a time. Unit Substations US-CEN1 and US-CEN2 are each fed 
on the primary from 4.16 kV Switchgear “A/B”.  The configuration of each consists of an outdoor 
substation type transformer with the 480V secondary connected directly to Motor Control Center 
MCC-CEN in the Centrifuge Building using bus duct. 
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Plant maintenance staff indicated that problems have been experienced with the secondary 480V 
switchboard breakers.  Problems have been attributed to internal corrosion of the breaker mechanisms by 
the hydrogen sulfide in the plant’s atmosphere.  Events have included false trips and inability to close 
breakers. Described herein are the assessments of the individual unit substations associated with the plant 
generation power distribution system. 

3.5.2.9.1.1 Unit Substation No. 1 
Unit Substation No. 1 is located in an outdoor yard area enclosed with masonry walls adjacent to the 
Sludge Thickeners. The substation assembly was manufactured by Westinghouse.  The transformer 
section is rated 2000 kVA, 65 degrees Celsius, 4.16 kV-480V, 3-phase, delta-wye.  The 480V secondary 
switchboard provides individual redundant feeds to the secondary switchboards at Unit Substations No. 2, 
No. 3 and No. 4.  Previously, it also provided a redundant 480V feed to Unit Substation No. 5 at the 
original plant Headworks.  However, Unit Substation No. 5 was removed from service when the current 
plant expansion Headworks was constructed. The overall substation assembly is in poor condition with 
severe exterior corrosion.  Door filters are missing from the exterior access doors and the interior aisle is 
extremely dusty.  It appears that the unit substations physical location does not allow for sufficient 
circulation of air around the equipment as process equipment in the same vicinity shows similar signs of 
corrosion.  This unit substation should be considered for replacement and possible relocation.  An 
alternative to relocation would be to provide an indoor unit substation in a new building at the existing 
location with suitable filtered ventilation. 

3.5.2.9.1.2 Unit Substation No. 2 
Unit Substation No. 2 is located in an outdoor yard area enclosed with masonry walls adjacent to the 
Digester Tanks.  The substation assembly was manufactured by Westinghouse.  The transformer section 
is rated 2000 kVA, 65 degrees Celsius, 4.16 kV-480V, 3-phase, delta-wye.  The 480V secondary 
switchboard provides power to the majority of the original plant process areas including the Vacuum 
Filters, Digesters, Thickeners, Service Water Pumps, Powerhouse and Training Building.  The overall 
assembly is in acceptable condition.  Some of the nameplates for the individual feeder breakers in the 
switchboard are missing.  The transformer oil temperature gauge indicates that the transformer is 
operating at the upper temperature limit setting.  This condition should be investigated to determine the 
cause and appropriate measures taken to rectify any potential problems. 

3.5.2.9.1.3 Unit Substation No. 3 
Unit Substation No. 3 is located in an outdoor yard area enclosed with masonry walls adjacent to the 
Oxygen Production Building.  The substation assembly was manufactured by Westinghouse.  The 
transformer section is rated 1500 kVA, 65 degrees Celsius, 4.16 kV-480V, 3-phase, delta-wye.  The 480V 
secondary switchboard provides power to the Oxygen Production process.  The overall assembly is in 
acceptable condition.  Some of the nameplates for the individual feeder breakers in the switchboard are 
missing.  A large industrial fan was being used to circulate air around the transformers cooling fins which 
would indicate that the transformer is operating at or above its nameplate rating.  This condition, if left 
unchecked could contribute to the shortening of the transformers operational life.  An accurate reading of 
the operating electrical load should be taken to determine if the transformer is a candidate for a permanent 
cooling fan upgrade or possible replacement with a larger unit. 
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3.5.2.9.1.4 Unit Substation No. 4 
Unit Substation No. 4 is located in an outdoor yard area enclosed with masonry walls adjacent to the 
Warehouse Building.  The assembly was manufactured by Westinghouse.  The transformer section is 
rated 750 kVA, 65 degrees Celsius, 4.16 kV-480V, 3-phase, delta-wye.  The 480V secondary switchboard 
provides power to the Warehouse Building and Administration/Lab Building. 

3.5.2.9.1.5 Unit Substation US-CEN1 and US-CEN2 
Unit Substation US-CEN1 and US-CEN2 are located in an outdoor yard area enclosed with masonry 
walls adjacent to the Centrifuge Building.  Each assembly was manufactured by General Electric in the 
mid 1980's.  The transformer section for each is rated 1500 kVA, 55 degrees Celsius, 4.16 kV-480V, 
3-phase, OA, delta-wye.  The substations are physically configured on the secondary to directly feed 
480V motor control center MCC-CEN using metal enclosed bus duct.  MCC-CEN is configured with key 
interlocked Main-Tie-Main breakers which allows any two breakers to be closed at the same time. It was 
not determined if secondary overcurrent protection was present at the transformers.  The shortcomings of 
the present electrical configuration are as follows: There is some corrosion on the secondary transition 
bus duct connections. The bus duct feeders from the substation transformers to MCC-CEN may not be 
properly protected if overcurrent protection is not provided at the secondary of US-CEN1 and US-CEN2. 

3.5.2.9.1.6 Comments on the Plant Power Generation System  
Given the condition of the engine generators and associated switchgear, the system is capable of 
generating power for the foreseeable future.  The comparative overall costs for generating power versus 
purchasing utility power has to be weighed when deciding whether to continue generating power on site.  
The cost of fuel is always an issue when generating power.  Methane is obviously the preferred source.  
But with its limited availability and the volatility of natural gas prices, this is a factor which needs to be 
analyzed carefully.  In addition to fuel cost, equipment maintenance and manpower costs need to be 
factored in for generating power. 
 
The 1970's vintage unit substations with the exception of Unit Substation No. 1 are acceptable.  The 
correction of the shortcomings noted for each and perhaps additional secondary breaker maintenance 
could increase their reliability.  Unit Substation No. 1 should be replaced. The issue of replacement versus 
repair should be weighed in as the age of the equipment progresses. Regardless, the unit substations could 
be integrated into an overall utility powered distribution system if the county elected not to continue 
generating power autonomously.  Electric service and rate options should be discussed with TEP 
exploring the possibility of utilizing the engine generators in a different role such as co-generation and 
peak shaving. 

3.5.2.9.2 TEP Incoming Utility Electric Services 
The utility electric services described herein were provided under the current plant expansion.  All of the 
equipment is less than 5 years old unless otherwise noted.  The following describes each in detail. 
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3.5.2.9.2.1 Headworks 
The TEP 13.8 kV, 3-phase incoming power service cables are routed underground to the primary of a pad 
mount service transformer.  It appears that the TEP overhead incoming power service cables enter the 
plant site from the southeast but, the transition point to underground could not be confirmed.  The service 
transformer was provided by TEP but, purchased by the Plant.  The associated utility metering CT’s and 
revenue meter are located approximately forty feet away from the pad mount service transformer.  The 
service transformer does not have a data nameplate but, it was determined that the voltage on the 
secondary was 4.16 kV, 3-phase.  It was not apparent if the service transformer had primary or secondary 
overcurrent protection as the compartments were not accessible.  The 4.16 kV, 3-phase secondary of the 
service transformer feeds two Outdoor Unit Substations US30-1 and US30-2 manufactured by Cutler-
Hammer.  The primary section consists of a primary line selector switch for selecting either the utility 
source (pad mount service transformer) or plant power generation system source.  The transformer section 
is rated 2000/2340 kVA-2300/2576 kVA, 55/65 degrees Celsius, 4.16 kV-480/277V, 3-phase delta-wye 
with fan cooling.  The secondary consists of a close coupled non walk-in aisle 480V Pow-R-Line 
Switchboard.  How the 4.16 kV feed from the Plant power generation system was configured to serve 
both unit substations on the primary was not determined. The secondary 480V switchboard at each unit 
substation provides power to the motor control centers in the Headworks Electrical Room.  The motor 
control centers are arranged with key interlocked dual main breakers with feeders from each of the unit 
substations 480V switchboards.  All of the electrical equipment at the Headworks is in excellent 
condition.  The shortcomings of the present electrical configuration are as follows:  The feeders from the 
pad mount service transformer to Unit Substations US30-1 and US30-2 may not be properly protected if 
overcurrent protection is not provided at the secondary of the pad mount service transformer. The primary 
line selector switch on the unit substations must be manually transferred to the second source if the 
preferred source fails.  All of the 480V loads could possibly be connected to one unit substation if the 
same main breaker source for each of the motor control centers was selected at the unit substation 480V 
switchboard.  This would leave the second unit substation unloaded which is not beneficial to the 
transformer. 

3.5.2.9.2.2 New RAS/WAS Pump Station 
The TEP 13.8 kV, 3-phase incoming power service cables enter the plant site from the southeast and are 
routed overhead to a drop pole in the vicinity of the New RAS/WAS Pump Station.  The overhead cables 
make a transition at the drop pole to underground and are routed to the primary of a substation service 
transformer.  The transformer is a Westinghouse Insulated Unit Substation rated 1000 kVA, 65 degrees 
Celsius, 13.8 kV-480V, 3-phase delta-wye.  It was not apparent if the transformer had primary or 
secondary overcurrent protection nor was the utility metering apparent. The transformer secondary feeds 
two motor control centers MCC37A and MCC37B located in the RAS/WAS Pump Station Electrical 
Room.  The Electric Room is located below grade at a mezzanine level above the Pump Room.  Each 
motor control center is arranged with key interlocked dual main breakers with a feed from the substation 
service transformer and the Plant power generation system.  Where the 480V feed from the Plant power 
generation system is derived for each motor control center could not be determined.  The substation 
service transformer was purchased used for the project and its age could not be determined.  All of the 
electrical equipment appears to be in excellent condition.  The shortcomings of the present electrical 
configuration are as follows:  The feeders from the substation service transformer to MCC37A and 
MCC37B may not be properly protected if overcurrent protection is not provided at the secondary of the 
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substation service transformer.  The main breakers on each of the motor control centers must be manually 
transferred to the second source if the preferred source fails.  The Electrical Room is located below grade 
thus having the potential for flooding.  The motor control centers were installed in the Electrical Room 
prior to the installation of the pump station roof.  The catwalks and stairways for accessing the Electrical 
Room would prove extremely difficult to use for removing electrical equipment.  In addition, the height 
of the doorways is not sufficient for removing a section of motor control center in the upright position. 

3.5.2.9.2.3 Blower Building 
The TEP 13.8 kV, 3-phase incoming power service cables enter the plant site from the east and are routed 
overhead to a drop pole in the vicinity of the Blower Building. The overhead cables make a transition at 
the drop pole to underground and are routed to the primary of a substation service transformer. The 
transformer is a General Electric Silicone Fluid Unit Substation rated 5000/7000 kVA, 65 degrees 
Celsius, 13.8 kV-4.16 kV, 3-phase delta-wye with provisions for future fans.  It was not apparent if the 
transformer had primary or secondary overcurrent protection nor was the utility metering apparent.  The 
service transformer secondary feeds Outdoor 4.16 kV Switchgear (SWGR-BB). The switchgear is a 
weatherproof line-up manufactured by S&C Electric consisting of four medium voltage fusible switches 
in a hot sequence arrangement.  Two of the fusible switches feed 4.16 kV motor control centers MCC34C 
and MCC34D.  Each of the motor control centers contains the starters for two of the process air blowers. 
The other two fusible switches each feed Outdoor Unit Substations US34-1 and US34-2.  The unit 
substations are manufactured by Square D Company and configured similar to those used at the 
Headworks.  The primary section differs in that a main fusible switch is provided between the primary 
line selector switch and the primary of the transformer.  The transformer section is rated 1500/1680 kVA, 
55/65 degrees Celsius, 4.16 kV-480/277V, 3-phase delta-wye with provisions for future fan cooling.  
When fan cooling is added, the transformer will be rated 1932 kVA. The secondary consists of a close 
coupled non walk-in aisle switchboard.  How the 4.16 kV feed from the Plant power generation system 
was configured to serve both unit substations on the primary was not determined.  The secondary 480V 
switchboard at each unit substation provides power to motor control centers MCC33A, MCC33B, 
MCC34, MCC35A and MCC35B.  The 480V motor control centers are arranged with key interlocked 
dual main breakers fed from each of the unit substations 480V switchboards.  The 4.16 kV and 480V 
motor control centers are located in the Electrical Room on the upper level floor of the Blower Building. 
The substation service transformer was purchased used for the project and its age was not determined.  
All of the electrical equipment appears to be in excellent condition.  The shortcomings of the present 
electrical configuration are as follows:  The feeder from the substation service transformer to the Outdoor 
4.16 kV Switchgear (SWGR-BB) may not be properly protected if overcurrent protection is not provided 
at the secondary of the substation service transformer.  The primary line selector switch on the unit 
substations must be manually transferred to the second source if the preferred source fails. The main 
breakers on each of the 480V motor control centers must be manually transferred to the second source if 
the preferred source fails. All of the 480V loads could possibly be connected to one unit substation if the 
same main breaker source for each of the motor control centers was selected at the unit substation 480V 
switchboard.  This would leave the second unit substation unloaded which is not beneficial to the 
transformer.  The 4.16 kV motor control centers do not have a redundant source of power.  If the utility 
source fails, the Process Air Blowers  will be off line. The location of the motor control centers in the 
upper floor level Electrical Room of the Blower Building presents physical limitations for removing 
equipment from the building for maintenance or replacement. 
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3.5.2.9.2.4 Comments on Utility Electric Services  
The present service arrangement with three separate TEP incoming utility electric services is neither 
desirable nor beneficial to the overall operating scheme for the plant electrical system.  The present 
arrangement does not allow the possibility for obtaining a more favorable rate from TEP as each service 
is independent from the others and billed separately for its energy usage.  The three services are not 
configured to provide the flexibility needed for future plant expansion. Likewise, a common methodology 
for interfacing with the plant power generation system has not been established.  It was not confirmed if 
the plant power generation system connections described for each of the electrical services are physically 
provided.  The provisions may only have been made for future interfacing with the plant power 
generation system or other alternate power sources.  Plant staff reported that an overall plant-wide 
electrical distribution system diagram has never been created.  The present overall electrical distribution 
system needs to be properly documented with up-to-date one-line diagrams.  These documents need to be 
provided to the electrical maintenance and power generation staff to ensure efficient and safe operation of 
the system. 

3.5.2.9.3 Motor Control Centers 
There are two styles of motor control centers used throughout the plant.  They are located adjacent to and 
within the process structures.  Outdoor motor control centers are provided in NEMA 3R and NEMA 4 
stainless steel non walk-in enclosures with front access weatherproof doors.  The NEMA 3R outdoor 
enclosures show some light surface corrosion.  Some of the indoor motor control centers show corrosion 
on the face of the line-ups and the control devices. Motor control centers located indoors are NEMA 1 
construction with the majority located in the same area as the process equipment.  Due to their physical 
location, most are soiled on the exterior.  The recent plant expansion provided Electrical Rooms within 
the structures to house the motor control centers.  The majority of the motor control centers are arranged 
with key interlocked dual main circuit breakers which allow only one source to be closed at a time.  
Others are arranged main-tie-main with key interlocks which allow any two breakers to be closed.  The 
power sources in either arrangement may be redundant generator feeds, redundant utility feeds or 
combinations of both.  The breakers are key interlocked so that only one breaker can be closed at a time.  
Five equipment design vintages are present for all of the motor control centers on site.  The five are 
Westinghouse Type W, Cutler-Hammer Series 2100, General Electric 8000 Line and Square D Models 4 
and 6.  Overall, the condition of the motor control centers falls in the range of acceptable to excellent with 
a few exceptions.  Table 3-3 provides a list of all the motor control centers. 

3.5.2.9.4 Plant Grounding System 
Plant maintenance personnel confirmed that plant grounding system is adequate and that there have not 
been any grounding related issues. 

3.5.2.9.5 Electrical Feeders 
Plant personnel did not indicate that there were any electrical feeder related issues. 
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3.5.2.9.6 Summary of Overall Assessments 
The assessments made address the existing electrical equipment as it relates to the present plant electrical 
distribution system and its serviceability.  Any upgrades or future expansions of the plant will impact the 
existing overall electrical distribution system as provisions for expansion have not been accounted for in 
the present systems.  The impact of future expansions has not been factored into the assessments of the 
existing equipment.  The issues previously discussed relate only to the conditional assessment of the 
equipment as presently installed. 
 
All electrical distribution equipment is thermographically inspected annually and the problems corrected 
upon completion.  There is some electrical equipment which is possibly more susceptible to problems or 
failure for various reasons but, at present, is functioning satisfactorily.  This equipment has been 
identified herein. It is suggested that this equipment be considered for systematic replacement if the 
existing systems are to remain viable.  A short circuit and coordination study is suggested as electrical 
changes have been made over the years and the study would be beneficial in verifying that the electrical 
equipment is proper coordination and provided with suitable interrupting ratings.  In addition, the study 
would be useful for identifying potential problem areas in the plant electrical distribution system. 
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Table 3-3 
Pima County Ina Road WRF – Motor Control Centers Assessment 

 
EQUIPMENT TAG LOCATION MANUFACTURER VOLTAGE TYPE BUS RATING YEAR BUILT

MCC 05W1 OXYGEN PRODUCTION BUILDING WESTINGHOUSE TYPE W 480 V 3PH, 4W 600 A 1976
MCC 05W2 OXYGEN PRODUCTION BUILDING WESTINGHOUSE TYPE W 480 V 3PH, 4W 600 A 1976
MCC 08W1 SLUDGE THICKENERS CONTROL BUILDING WESTINGHOUSE TYPE W 480 V 3PH, 4W 600 A 1976
MCC 08W2 SLUDGE THICKENERS CONTROL BUILDING WESTINGHOUSE TYPE W 480 V 3PH, 4W 600 A 1976
MCC 08W3 SLUDGE THICKENERS CONTROL BUILDING WESTINGHOUSE TYPE W 480 V 3PH, 4W 600 A 1976
MCC 08W4 CHLORINE BUILDING (OUTDOOR COVERED) WESTINGHOUSE TYPE W 480 V 3PH, 4W 600 A 1976
MCC 09W1 VACUUM FILTRATION BUILDING WESTINGHOUSE TYPE W 480 V 3PH, 4W 600 A 1976
MCC 09W2 VACUUM FILTRATION BUILDING WESTINGHOUSE TYPE W 480 V 3PH, 4W 600 A 1976
MCC 11W1 DIGESTER TANKS WESTINGHOUSE TYPE W 480 V 3PH, 4W 600 A 1976
MCC 11W2 DIGESTER TANKS WESTINGHOUSE TYPE W 480 V 3PH, 4W 600 A 1976
MCC 11W3 DIGESTER TANKS WESTINGHOUSE 2100 LINE 480 V 3PH, 4W 600 A 1986
MCC 11W4 DIGESTER TANKS WESTINGHOUSE 2100 LINE 480 V 3PH, 4W 600 A 1986
MCC 12W1 CHLORINATION BUILDING WESTINGHOUSE TYPE W 480 V 3PH, 4W 600 A 1976
MCC 14W1 POWER HOUSE (ENERGY RECOVERY BUILDING) WESTINGHOUSE TYPE W 480 V 3PH, 4W 600 A 1976
MCC 14W2 POWER HOUSE (ENERGY RECOVERY BUILDING) WESTINGHOUSE TYPE W 480 V 3PH, 4W 600 A 1976
MCC 14W3 POWER HOUSE (ENERGY RECOVERY BUILDING) WESTINGHOUSE TYPE W 480 V 3PH, 4W 600 A 1976
MCC 17W1 SERVICE WATER BUILDING WESTINGHOUSE TYPE W 480 V 3PH, 4W 600 A 1976
MCC 17W2 SERVICE WATER BUILDING WESTINGHOUSE TYPE W 480 V 3PH, 4W 600 A 1976
MCC A SULFUR DIOXIDE BUILDING SQUARE D MODEL 6 480 V 3PH, 4W 600 A 2002
MCC B SULFUR DIOXIDE BUILDING SQUARE D MODEL 6 480 V 3PH, 4W 600 A 2002
MCC-CEN CENTRIFUGE BUILDING GE 8000 LINE 480 V 3PH, 4W 600 A 1986
MCC-30A HEADWORKS BUILDING CUTLER-HAMMER SERIES 2100480 V 3PH, 4W 600 A 2000
MCC-30B HEADWORKS BUILDING CUTLER-HAMMER SERIES 2100480 V 3PH, 4W 600 A 2000
MCC 33A BLOWER BUILDING SQUARE D MODEL 6 480 V 3PH, 3W 600 A 2002
MCC 33B BLOWER BUILDING SQUARE D MODEL 6 480 V 3PH, 3W 600 A 2002
MCC 34 BLOWER BUILDING SQUARE D MODEL 6 480 V 3PH, 3W 800 A 2002
MCC 34C BLOWER BUILDING SQUARE D ISO-FLEX  MODEL 4 4160V 3PH, 3W 600A 2002
MCC 34D BLOWER BUILDING SQUARE D ISO-FLEX  MODEL 4 4160V 3PH, 3W 600A 2002
MCC 35A BLOWER BUILDING SQUARE D MODEL 6 480 V 3PH, 3W 800 A 2002
MCC 35B BLOWER BUILDING SQUARE D MODEL 6 480 V 3PH, 3W 800 A 2002
MCC 37A RAS/WAS PUMP STATION SQUARE D MODEL 6 480 V 3PH, 4W 1200A 2002
MCC 37B RAS/WAS PUMP STATION SQUARE D MODEL 6 480 V 3PH, 4W 1200A 2002
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3.5.2.10 Instrumentation and Control 
The Ina Road plant is well instrumented.  Process instrumentation includes open channel flow meters, 
sludge flow meters, aeration system analytical instruments, tank level transmitters, digester gas and air 
flow meters and chlorine residual and ORP instruments for disinfection.  Most instruments in the older 
HPO train are operational.  Instruments in the new BNRAS train are newly installed and some are 
operational, but there are a number of instruments that had not been fully commissioned at the time of our 
site assessment.  Certain instruments are discussed below in the respective process chapters. 

3.5.2.10.1 SCADA System 
The plant SCADA system is very new, having been commissioned in 2002 and fully operational in 2004.  
The SCADA network backbone consists of an Ethernet fiber optic trunk running between the 
Administration Building and the Energy Recovery Building where the two main core switches and 
redundant SCADA servers are located.  The two network core switches connect the following plant areas: 
 
Â Admin Building Server/Core Switch 

− Maintenance Building 
− Centrifuge Building 23 
− East-West Tunnel 
− BNRAS Train Building 34 
− HPO Oxygen Production Building 5 

 
Â Energy Building Server/Core Switch 

− Vacuum Filter Building 9 
− RAS/WAS Building 7 
− Thickener Building 8 
− Digester Building 11 
− Disinfection Building 12 
− BNRAS Train RAS/WAS Building 37 
− Training Building 
− Operations Trailer 29 
− Headworks Building 30 

 
The Administration Building Information Technology (IT) Room houses the backup supervisor control 
and data acquisition (SCADA) server and the SCADA historian.  The system is tied to the County 
network backbone through a firewall.  The primary SCADA server is located at the Energy Building.  
Various view node workstations are located throughout the plant and communicate with the servers over 
the Ethernet network. 
 
Numerous PLCs throughout the plant act as the input/output (I/O) connections to the process areas.  Most 
PLCs are Allen-Bradley ControlLogix series with Ethernet ports to communicate with the SCADA 
servers.  Package control systems generally include Allen-Bradley SLC-5/04 connected to the 
ControlLogix PLCs using DH-Plus data links.  There are some other PLC models in the plant but all are 
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part of the Allen-Bradley product family.  The system is easily expandable.  Instrument technicians are 
able to troubleshoot and maintain the PLCs over the network backbone from the Maintenance Building. 
Local view nodes throughout the plant typically obtain their information form the primary SCADA 
server.  These workstations have two backup modes.  In the event the primary SCADA server fails, the 
view node will fail over to communicate with the backup server.  In the event of a complete 
communication failure between the servers and view nodes, the view node will fail over to “Island Mode” 
where it turns into a local I/O server for just its facility.  In this mode, the workstation still has monitoring 
and control capability for its own local process area, but can’t see any data regarding other process 
facilities. 
 
This SCADA system is functioning well and operators use it extensively.  This type of configuration is 
considered state-of-the-art for today’s wastewater treatment plants. 

3.5.2.10.2 Headworks 
Ultrasonic level transmitters are used extensively to monitor chamber levels, bin level, wet well levels 
and the plant influent parshall flume flow.  Thermal mass flow meters are used to measure air flow to the 
aerated grit tanks.  These are all functioning properly. 

3.5.2.10.3 HPO Train Liquid Sewage and Sludge Meters 
For the HPO process all sludge flow meters for closed pipe sewage and sludge located at the primary 
clarifiers, final clarifiers, thickeners, centrifuges and digesters are magnetic flow meters.  Many of these 
meters are new technology, having been replaced in the 1990s.  These are appropriate and are reported 
functioning properly. 

3.5.2.10.4 HPO Aeration Tanks 
The original dissolved oxygen meters have been replaced with ATI self-cleaning DO monitors.  These 
probes are configured to go through a cleaning cycle every 20 minutes and reportedly work well. 
 
The oxygen generation and oxygen distribution feed control system is automated through a local 
dedicated PLC which sequences the compressors and cycles the adsorption beds.  The system requires 
periodic attention from the instrument staff but reportedly still functions well. 
 
Control of return sludge to each of the aeration tanks is fully automated through the SCADA system and 
reportedly works well. 

3.5.2.10.5 HPO Train Disinfection 
Disinfection is now achieved using liquid sodium hypochlorite.  U.S. Filter liquid chemical feeders 
control the rate of hypochlorite feed to the old injectors at the contact tanks.  Plant staff is currently 
troubleshooting and fine tuning the automatic controls using a combination of flow pacing, chlorine 
residual and ORP analysis of the contact tank effluent.  These parameters were being monitored by a 
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Great Lakes (now owned by Hach) chlorine analyzer and a Stantrol ORP probe.  When observed, the 
chlorine residual was reading 5.8-6.3 mg/L total chlorine and the ORP was reading 450 millivolts. 

3.5.2.10.6 Plant Effluent Dechlorination 
Dechlorination is now being achieved using liquid sodium bisulfite.  U.S. Filter liquid chemical feeders 
control the rate of hypochlorite feed to combined effluent vault just west of the HPO Train contact tanks.  
Similar to the disinfection system, plant staff is currently troubleshooting and fine tuning the automatic 
controls based on ORP analysis of the plant effluent just downstream from the point of bisulfite addition.  
When observed, the ORP was reading 90-100 millivolts.  There is a second ORP probe located at the new 
plant effluent parshall flume metering station that was reading 80 millivolts when observed. 

3.5.2.10.7 Sludge Digesters 
Sludge gas flow is still measured using orifice plates and differential pressure transmitters.  This 
technology is now outdated and would be better replaced with thermal mass flow meters which have 
better rangeability and accuracy. 

3.5.2.10.8 New BNRAS Train Instrumentation 
All instruments are new and have not yet been fully commissioned.  As such, no evaluation is warranted 
except observation of installation practice.  All instruments appeared to be installed in accordance with 
industry accepted guidelines. 

3.5.2.10.9 Plant Effluent Flow Metering 
The new plant effluent flow meter is a Parshall flume located well off the plant perimeter to the northwest 
of the plant site.  This metering chamber is in a separately fenced area.  It consists of an open channel 
meter entrance run and nested Parshall flume.  The flume is a 6-foot parshall flume nested inside a 10-
foot parshall flume.  This is done to increase the sensitivity and accuracy of the flume at low initial flows 
while still being easily expandable for higher flows in the future.  Since this is a flow measurement used 
for reporting, there are redundant level/flow transmitters installed.  One transmitter is a Milltronics 
ultrasonic open channel level/flow transmitter.  The backup level measurement is provided by a bubbler 
type level system mounted in the flume.  The bubbler tube assembly appeared to be incorrectly located in 
the flume due to high velocities having bent the tube.  The bubbler tube should be straightened and 
securely anchored to the flume wall.  This flume installation is functioning properly. 

3.5.2.10.10 Laboratory Facilities 
The Laboratory Facilities were originally housed in a portion of the Administration Building at the Ina 
Road WRF which was specifically constructed (1977) to serve as laboratory space.  Staff indicated that 
up until approximately ten years ago the Laboratory at the Ina Road WRF was providing process control 
and permit related analytical services for four facilities/permits.  Currently, the Laboratory provides 
process analytical support for eight wastewater treatment/water reclamation facilities and permit 
compliance/reporting analyses for approximately 37 permits associated with the wastewater/water 
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reclamation, aquifer protection, and storm water programs.  As the laboratory analytical requirements 
increased over the ensuing time, additional building space (Administration Building and Training Center) 
was converted to laboratory use. 
 
Currently, laboratory facilities are located in three general areas at the Ina Road WRF.  Sample receiving, 
microbiological, and organic analysis functions are conducted at the Administration Building.  Inorganic 
and nutrient analyses and laboratory quality assurance and quality control (QA/QC) functions are located 
at the former Training Center.  Laboratory management staff offices are located in a trailer adjacent to the 
Administration Building.  In the past the Ina Road WRF laboratory facilities included the capability to 
perform whole effluent toxicity (WET) testing.  This WET testing laboratory was located in the basement 
of the Vacuum Filtration Building.  Currently, the Ina Road WRF laboratory has a staff of 30 (33 
budgeted positions). 
 
In fiscal year 2005/2006 the budget for outside laboratory services was $225,000 (expended $110,000).  
The majority of this budget was for WET testing services which the Department no longer conducts, as 
discussed above.  Currently there are a very limited number of laboratories that have the proximity and 
capability to perform reliable WET testing for the PCRWRD.  The Department needs to make certain that 
it has access to reliable WET testing capabilities, internal or contract laboratory, as it is anticipated that 
the volume of this testing will increase in the future. 
 
Generally, laboratory equipment was in good condition.  The Department has replaced/upgraded 
analytical instruments as a component of its annual operating budget.  Over the years, as analytical 
sensitivity and reporting limits of detection have lowered, the number and sizes of analytical equipment 
have increased.  This has resulted in the laboratory equipment (incubators, drying ovens, analytical, and 
others) competing for bench-top space with the chemists and technicians and the sample preparation, 
handling, functions required in the laboratory.  Currently, the ability to consider enhancement of 
laboratory efficiency through automation of appropriate preparatory and analytical equipment is hindered 
due to the space constraints.  Additionally, the space needed to adequately receive and store (refrigerated) 
samples has been exceeded. 
 
The laboratory work areas were extremely cramped and the layout of the laboratory areas was not 
conducive to work flow.  Narrow aisles, crowded bench-tops, limited data entry/desktop space, and 
storage space were not conducive to efficiency.  The crowded conditions do not easily support the type of 
conditions needed to maintain appropriate laboratory QA/QC. 
 
The support facilities associated with the laboratory areas were being stressed.  Much of the space 
currently occupied by laboratory was not designed to address the specific electrical, heating, ventilation, 
and cooling (HVAC), plumbing, personnel, and specialty needs associated with an analytical laboratory.  
This condition was exacerbated as the volume and level of required accuracy of testing along with the 
sophistication of the analytical equipment all increased.  Electrical power supply to most laboratory areas 
was close to capacity leading to instances of circuit overload. 
 
HVAC systems were not generally able to maintain appropriate room temperature, humidity, and overall 
quality conditions.  Particularly, most analytical testing protocols and instrumentation require very 
specific temperature conditions as a component of the QA/QC process.  These temperature criteria cannot 



Pima County Regional Wastewater Reclamation Department 
Tucson, Arizona 

Pima County Regional Optimization Master Plan 

Regional Optimization Master Plan 
Final Report 

Chapter 3 – Treatment Plant Evaluation 
 
 

3-44 
J:\Projects\Pima Co WM\05302-ROMP\06 Gen Studies-Rpts\6.1 Report\Final Report\Complete Report_07Nov26_Rev2.doc 

 

be reliably accomplished with the existing HVAC systems.  Fume hood space was inadequate leading to 
inadequate ventilated bench space.  Further, most HVAC systems were not designed to accommodate the 
specialized air handling demands that fume hoods impose on a space.  In some areas corrosion of 
equipment, instrumentation, and other fixtures was indicative of inadequacy of ventilation. 
 
Plumbing systems serving the laboratory spaces were not arranged to support the work areas that have 
been arranged to address the increased workload demand.  Deionized (DI) and ultra pure water required 
for analyses must be transported by hand cart to many areas of its use.  Building temperature in the areas 
where the DI water systems are located results in production/distribution of water that exceeds the 
temperature (20 degrees Celsius) required for direct use in most analyses. 
 
Personnel facilities related to the laboratory functions were limited.  Desk space available for staff to 
accomplish data entry and related functions was not adequate.  Locker/changing room space was limited 
and further complicated by the gender balance of the current workforce. 
 
Other specialty systems associated with the laboratory areas include safety equipment (showers, eyewash 
stations, and fire blankets), walk-in refrigeration (current samples and sample retention for QA/QC 
purpose), chemical/supplies storage, and records storage.  Safety systems were adequate but access is 
complicated due to the overall space/layout constraints.  Refrigerated sample storage was not optimal for 
the purpose of prevention of sample cross-contamination during storage.  Storage areas for chemicals, 
supplies, records, and other items was “full-to-the-brim” presenting a challenge whenever access to these 
items was required. 

3.6 Summary 
The Roger Road WRF is an older of the two major wastewater treatment plants and symptoms of aging 
are apparent.  From an operational and maintenance point of view, there are several drawbacks in the 
existing facilities, including: 
 
Â Primary Clarifiers 5-8 are shallower (8-foot depth) than Primary Clarifiers 9-10 (12-foot depth). 

The shallower depth does not meet the current norm of design standard.  
Â The final clarifiers have various side water depths: 9-foot depth for clarifiers 1-2; 9-foot depth for 

clarifiers 3-4; 11-foot depth for clarifiers 5-6; and 12-foot depth for clarifiers 7-9. The 9-foot depth 
does not meet the current norm of design standard. 

Â Due to the inadequacies of several of the primary and secondary clarifiers and current flows and 
loading to the Roger Road WRF, individual tanks from primary clarifiers, final clarifiers or 
anaerobic digesters can not be taken out of service without jeopardizing the ability of the plant to 
meet permit effluent standards. 

 
The BNRAS system at the Ina Road WRF is relatively new (operation started up in the fall of 2006) and 
is in excellent physical and operating condition.  However, the HPO system is an older part of the plant 
and has some signs of aging in the structures and equipment, particularly the HPO Reactors. 
 
To meet the future permit requirements, process modifications and changes will be required to lower 
ammonia, total nitrogen and phosphorus discharge levels.  Rehabilitation is needed to repair process units, 
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replace equipment and structures that are beyond useful service life, address odor control and safety 
issues, and upgrade the facility to be compliant with environmental, regulatory and building code 
requirements.  Laboratory facilities need to be expanded and upgraded with better integration of facilities. 
The potential need for added capacity and treatment capability at Roger Road WRF and Ina Road WRF is 
addressed in Chapter 4.
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Chapter 4 -  Overall Treatment Strategy 

4.1 Introduction 
The Overall Treatment Strategy for the Pima County Regional Optimization Master Plan entails planning 
efforts to satisfy two primary issues: 
 
1. System Configuration - how much flow is to be treated at the Roger Road WRF and how much flow 

is to be treated at the Ina Road WRF. 
 
2. Process Selection - selection of the best process to meet current regulatory requirements as well as 

probable future regulatory requirements. 
 
To address these two primary issues, this chapter provides description and detailed evaluations on the 
following subjects: 
 
Â Future wastewater flows and characteristics 
Â Treatment strategy alternatives with three flow-split options 
Â Reclaimed water program 
Â Biological nutrient removal (BNR) treatment alternatives 
Â Alternative evaluation criteria 
Â Evaluation of alternatives 
Â Selection of recommended alternative 
Â Preliminary sizing facilities 

4.2 Future Wastewater Flows and Characteristics 

4.2.1 Future Wastewater Flows 
The flow projection for the Roger Road WRF and the Ina Road WRF was made based on information 
described in the Pima County Wastewater Management  Department’s 2006 Metropolitan Facility Plan 
Update (2006 Facilities Plan).  According to the report, the future flow projection was based on the 
projected population growth in the planning area and projected wastewater flows of 85 gallons per capita 
per day (gpcd).  The wastewater flow projections for year 2030, along with the current (year 2005), in the 
planning areas are summarized as shown in Table 4-1. 
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Table 4-1 
Current and Projected 2030 Wastewater Flows from 2006 Facilities Plan 

2030 Projected Flow  
Plan Area 

Current (2005) Future (2030) (1) 

Roger Road Service Area, mgd 44.27 59.72 
Ina Road Service Area, mgd 16.90 22.33 
Total Flow, mgd 61.17 82.05  
(1) Randolph Park WRF capacity of 3.0 mgd is not included.  The existing Randolph Park 

WRF, located within the Roger Road WRF drainage area, will be continuously used to treat 
approximately 3 mgd flow and the effluent will be a part of the Tucson Water reclaimed 
water system. 

 
Based on the projected flows for year 2030 shown in the above table, several flow split options between 
the two major treatment facilities, Roger Road WRF and Ina Road WRF, were developed.  The following 
options were selected for detailed evaluation of plant configurations, operational and economical aspects. 
 
Â Option 1 – Referred to as the “Existing Plan” and is the recommended plan by the 2006 Facilities 

Plan study.  It is based on a flow split of 32 mgd and 50 mgd between Roger Road WRF and Ina 
Road WRF, respectively. 

Â Option 2 – Referred to as the “Transfer Some” plan and is based on some flow transfer from the 
Roger Road WRF to the Ina Road WRF to make a flow split of 20 mgd and 62 mgd, respectively,. 

Â Option 3 – Referred to as the “Transfer All” plan and is based on transferring all flow from the  
Roger Road WRF to the Ina Road WRF and therefore treatment of all 82 mgd at the Ina Road 
WRF. 

 
For the purpose of estimating the wastewater characteristics, each of the flow split options was divided 
into current (assumes that plant interconnect pipeline is constructed) and future flows as shown in Table 
4-2. 

Table 4-2 
Wastewater Flow Split Options Used for Plant Evaluations 

Flow to Roger Road, mgd Flow to Ina Road WRF, mgd Flow Split 
Options* Current** Future Total Current** Future Total 

Existing Plan 22.6 9.4 32.0 36.5 13.5 50.0 
Transfer Some 14.1 5.9 20.0 45.0 17.0 62.0 

Transfer All 0.0 0.0 0.0 59.1 22.9 82.0 
* Randolph Park WRF with capacity 3.0 mgd remains in service 
** Assumes plant interconnect pipeline exists 
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4.2.2 Future Wastewater Characteristics 
Wastewater characteristics for current flows were developed based on the data presented in the Modeling 
2005 document (Additional Modeling of Ina Road WRF and Roger Road WRF – Final, Hydromantis, 
Inc., February 9, 2005).  The modeling used the plant operating data for the following periods: 
 
Â Roger Road WRF – January to March 2001 (winter) 

August to September 2001 (summer) 
Â Ina Road WRF – March 2003 

 
The calibrated model generated the influent characteristics for Roger Road WRF, but calibration was not 
made for Ina Road WRF because there were no operating data available for the BNRAS portion of the 
plant at the time of the modeling.  A review of historical data showed that the strength of wastewater 
characteristics was highest during the winter and the data used for this period was considered to be the 
maximum month wastewater characteristics.  The model-generated winter wastewater characteristics 
were selected for evaluation of the Roger Road WRF.  The March 2003 data were used for evaluation of 
the Ina Road WRF.  These values established current maximum month wastewater characteristics. 
 
The future wastewater characteristics were developed applying a lower water consumption and therefore 
higher strength wastewater in the new development areas.  This lower water consumption is a trend in a 
number of newly developed communities.  A lower wastewater flow of 65 gpcd was used for future flow 
instead of 85 gpcd that was used in the 2006 Facilities Plan document. The flow projected in the 2006 
Facilities Plan document was retained and applied to the predicted higher strength characteristics, 
resulting in a higher and more conservative estimate of total loads. 
 
As a part of the current facility planning, the biosolids treatment evaluation has progressed and 
recommendations have been made on the biosolids treatment and handling alternatives as described in 
Chapter 6.  Based on this information, more accurate recycle stream flows and characteristics were 
determined and complete mass balances were made for both plants with the recycle streams.  Major 
assumptions applied to the mass balances associated with biosolids treatment and handling include: 
 
Â Recycle from gravity thickening of Roger Road WRF primary sludge and WAS is treated at the 

Roger Road WRF. 
Â Recycle from gravity thickening of Ina Road WRF primary sludge and WAS and centrifuge 

thickening/dewatering of digested sludge from both plants is treated at the Ina Road WRF. 
Â Estimated Non-Metro area sludge contributions to each plant are: Avra Valley WRF (4.13 tons per 

day (tpd)) to Roger Road WRF; and Marana WRF (6.16 tpd), Corona WRF (3.7 tpd), Fairgrounds 
WRF (0.004 tpd) and Mt. Lemon WRF 0.018 tpd) to Ina Road WRF.  (Randolph Park WRF sludge 
is included with Roger Road WRF.  Green Valley WRF and Southlands WRF were assumed to have 
separate sludge facilities.) The sludge was applied as a part of the influent stream for both plants. 

Â Primary sludge at 1% solids concentration. 
Â Secondary sludge yield of 0.7 pound (lb) TSS/lbs BOD applied and WAS concentration of 7,000 

mg/L. 
Â Gravity thickener solids capture of 90% at 4.5% solids concentration. 
Â Volatile suspended solids (VSS) destruction of 50% in anaerobic digestion. 
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Â Centrifuge solids recovery of 95% at 8% cake solids concentration. 
 
Biosolids processing, except for sludge thickening, will not be performed at the Roger Road WRF and the 
wastewater characteristics were developed with only recycle from the thickening operations.  Complete 
biosolids processing as described above will be performed at the Ina Road WRF and the wastewater 
characteristics were developed with the recycle stream from raw sludge thickening and digested sludge 
thickening/dewatering operations.  To account for the recycle stream contribution, a percentage increase 
to each wastewater characteristics component, selected from previous plant design experience, was used. 
 
The estimated wastewater characteristics were developed combining the current and future loadings, and 
recycle stream contribution. The estimated wastewater characteristics for three flow split options are 
shown in  
Table 4-3 and  
Table 4-4 for Roger Road WRF and Ina Road WRF, respectively. 

 

Table 4-3 
Development of the Roger Road WRF Year 2030 Wastewater Characteristics 

Based on Complete Mass Balance 

Parameter Units Total Raw 
Influent Recycles Primary 

Influent 
Primary 
Effluent 

Existing Plan 
 Flow mgd 32.1 1.1 33.2 32.6 
 COD(1) mg/L 648 1011 659 443 
 BOD5

(2) mg/L 294 506 301 214 
 sBOD5

(3) mg/L 121 116 121 123 
 TSS mg/L 286 1011 310 126 
 VSS mg/L 225 791 243 104 
 TKN mg/L 47 51 47 46 
 TP mg/L 10 19 10 10 
Transfer Some 
 Flow mgd 20.1 0.7 20.8 20.4 
 COD mg/L 665 1014 677 455 
 BOD5 mg/L 303 507 310 220 
 sBOD5 mg/L 123 117 123 126 
 TSS mg/L 304 1014 329 134 
 VSS mg/L 239 794 258 110 
 TKN mg/L 48 51 48 47 
 TP(1) mg/L 10 19 10 10 
Transfer All 
 Flow mgd 0 0 0 0 
 COD mg/L 0 0 0 0 
 BOD5 mg/L 0 0 0 0 
 sBOD5 mg/L 0 0 0 0 
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Parameter Units Total Raw 
Influent Recycles Primary 

Influent 
Primary 
Effluent 

 TSS mg/L 0 0 0 0 
 VSS mg/L 0 0 0 0 
 TKN mg/L 0 0 0 0 
 TP mg/L 0 0 0 0 
(1)  COD = Chemical Oxygen Demand (2)  BOD5 = 5-day Biochemical Oxygen Demand 
(3)  sBOD5 = soluble 5-day Biochemical Oxygen Demand 

 

Table 4-4 
Development of the Ina Road WRF Year 2030 Wastewater Characteristics 

Based on Complete Mass Balance 

Parameter Units Total Raw 
Influent Recycles Primary 

Influent 
Primary 
Effluent 

Existing Plan 
 Flow mgd 50.2 2.3 52.6 51.4 
 COD mg/L 663 1265 689 456 
 BOD5 mg/L 318 456 324 229 
 sBOD5 mg/L 123 125 123 126 
 TSS mg/L 319 1201 358 146 
 VSS mg/L 254 881 282 123 
 TKN mg/L 55 219 63 61 
 TP mg/L 11 102 15 14 
Transfer Some 
 Flow mgd 62.2 2.7 64.9 63.6 
 COD mg/L 654 1230 678 441 
 BOD5 mg/L 31 462 317 223 
 sBOD5 mg/L 122 124 122 125 
 TSS mg/L 307 1172 343 140 
 VSS mg/L 244 873 270 116 
 TKN mg/L 54 196 59 57 
 TP(1) mg/L 11 90 14 13 
Transfer All 
 Flow mgd 82.3 3.4 85.7 84.0 
 COD mg/L 654 1184 675 452 
 BOD5 mg/L 307 472 314 222 
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Parameter Units Total Raw 
Influent Recycles Primary 

Influent 
Primary 
Effluent 

 sBOD5 mg/L 121 122 121 123 
 TSS mg/L 304 1140 337 138 
 VSS mg/L 241 852 265 115 
 TKN mg/L 52 165 56 54 
 TP mg/L 10 75 13 12 

 
After detailed evaluations were made on the flow split options between the Roger Road WRF and Ina 
Road WRF as discussed in Chapter 4.7, Option (1):  32 mgd for Roger Road WRF and 50 mgd for Ina 
Road WRF, was selected.  The final values of the wastewater characteristics for the selected flow-split 
option are shown in  
Table 4-5. 

 

Table 4-5 
Selected Year 2030 Wastewater Characteristics 

Based on Complete Mass Balance 

Roger Road WRF Ina Road WRF 
Parameter Units Primary 

Influent 
Primary 
Effluent 

Primary 
Influent 

Primary 
Effluent 

Flow Mgd 33.2 32.6 52.6 51.4 
COD mg/L 659 443 689 456 
BOD5 mg/L 301 214 324 229 
sBOD5 mg/L 121 123 123 126 
TSS mg/L 310 126 358 146 
VSS mg/L 243 104 282 123 
TKN mg/L 47 46 63 61 
TP mg/L 10 10 15 14 

 
The future peaking factors for the flows and concentrations were based upon the historical peaking factors 
as described in Chapter 3 and are as follows:. 
 
Â Monthly Peak Flow (MPF) – 1.1 times average daily flow 
Â Daily Peak Flow (DPF) – 1.4 times average daily flow 
Â Hourly Peak Flow (HPF) – 2.0 times average daily flow 
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4.3 Treatment Strategy Alternatives (“Existing Plan”, “Transfer All”, “Transfer Some”) 

4.3.1 Existing Plan  
The existing plan is for plants at both Roger Road WRF and Ina Road WRF to continue operating, 
following the present long-range CIP project schedule to address the capacity and regulatory needs of 
both Roger Road WRF and Ina Road WRF.  As identified in the 2006 Metropolitan Area Facility Plan 
Update, the current plan is to complete the necessary rehabilitation and process optimization at both 
plants, incorporate enhanced odor control facilities, transfer all biosolids to Ina Road WRF, via a 
modified sludge line, develop a centralized biosolids processing facility with a potential for future 
modification to produce a Class A biosolids, and add an interconnect pipeline between the two plants that 
can provide a flow transfer from the Roger Road WRF service area to Ina Road WRF via gravity.  This 
plan represents the flow split Option “Existing Plan” as shown in Table 4-2. 

4.3.2 Transfer Some Wastewater Flows to Ina Road WRF 
The transfer some plan is to maintain a facility at the Roger Road WRF to continue to provide effluent to 
the adjacent Tucson Reclaimed Water Treatment Plant, and direct the remainder of the flows to Ina Road 
WRF. Based on the economics of building and operating future facilities, it may be desirable to maintain a 
smaller treatment facility at Roger Road WRF, while directing the majority of the flows to Ina Road WRF.  
Under this option some of the existing facilities could be modified to treat all or a portion of the flow 
required for the Tucson Reclaimed Water Treatment Plant, CEP, SAWRSA, and other effluent water 
owners.  All solids, including primary sludge and WAS, along with the remainder of the flow in the service 
area will be directed to Ina Road WRF.  This would allow shutdown of a large portion of the facilities 
currently located at Roger Road WRF, and optimize operations and maintenance at this facility.  This plan 
represents the flow split Option “Transfer Some” as shown in Table 4-2. 

4.3.3 Transfer All Wastewater Flows to Ina Road WRF 
This plan is to transfer all wastewater flow from the Roger Road WRF service area to Ina Road WRF and 
the Roger Road WRF would be shutdown.  All flows would be directed by gravity flow from the Roger 
Road WRF to the Ina Road WRF.  The two facilities are about 5 miles apart, and the Roger Road WRF is 
located approximately 75 feet higher in elevation than the Ina Road WRF.  The transfer of all flows 
would be accomplished with a gravity sewer, and a plant expansion and/or process modifications at Ina 
Road WRF to accommodate the additional flows.  The existing rehabilitation projects and potential future 
processing to Class A biosolids would be incorporated into the plan.  Consolidation of treatment facilities 
would centralize treatment with the goal of optimizing operations and maintenance.  Under this plan, the 
flow required for Tucson Water Reclaimed Water System, CEP, SAWRSA, Pima County and other 
reclaimed water owners are identified and addressed and would involve transfer of treated effluent from 
Ina Road WRF to the Roger Road site.  This plan represents the flow split Option “Transfer All” as 
shown in Table 4-2. 
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4.4 Reclaimed Water Program 
Effluent water will be made available to Tucson Water for their reclaimed water service system at the 
future Roger Road WRF, Ina Road WRF and Randolph Park WRF.  The plan allows for approximately 
30 mgd at Roger Road WRF and approximately 20 mgd at Ina Road WRF based on allocated effluent 
water shares in the year 2030.  The 3-mgd effluent from Randolph Park WRF is also available for 
reclaimed water use. Up to 7 mgd could be made available for discharge into the Santa Cruz River at the 
Roger Road WRF site.  This requires that up to at least 5 mgd (existing plan) and as much as 37 mgd 
(transfer all plan) of the Ina Road WRF effluent be transferred to the Roger Road WRF site via a pumping 
station/force main system.  The balance of the Ina Road WRF effluent beyond reuse needs provided 
directly from the Ina Road WRF will be discharged into the Santa Cruz River.  Reclaimed water system 
alternatives are presented in Appendix F. 
 
Based on the ADEQ regulatory requirements for future wastewater treatment, effluent from the Roger 
Road WRF and Ina Road WRF will be classified as either Class B+, or Class A+.  If the effluent is Class 
A+, Tucson Water would be able to decommission its pressure filter treatment system at Roger Road 
WRF and feed effluent directly into the reclaimed water distribution system after chlorination to meet 
residual requirements. Tucson Water will construct the necessary filtration system (as required for Class 
B+), pump station, reservoir, pipeline and chlorine feed facility at Ina Road WRF to provide its reclaimed 
water needs. 

4.5 Effluent Disinfection 
Arizona Administrative Code (AAC) Title 18, Ch. 9 includes disinfection requirements for all sewage 
treatment facilities, including expansions of existing sewage treatment facilities that treat wastewater 
containing sewage.  Article 2.  Aquifer Protection Permits – Individual Permits, Part B.  BADCT for 
Sewage Treatment Facilities, defines the requirements for Pathogen Removal (sic: Disinfection) as 
follows: 
 

i. No fecal coliform organisms or no E. coli bacteria are detected in four of the wastewater 
samples collected during the week, based on a sampling frequency of seven daily samples per 
week; 

ii. The single sample maximum concentration of fecal coliform organisms in a wastewater 
sample is not greater than 23 cfu/100 ml or the single sample maximum concentration of E 
coli is not greater than 15 cfu/100 ml. 

 
During the master plan investigations it was concluded that the cost effective disinfection process that 
would meet the BADCT requirements was inconclusive.  Disinfection processes likely to meet the 
“demonstrated” disinfection requirements of the ACC include: 
 
Â Enhanced Chlorination  
Â Enhanced Chlorination preceded by effluent filtration 
Â UV Irradiation preceded by effluent filtration 

 



Pima County Regional Wastewater Reclamation Department 
Tucson, Arizona 

Pima County Regional Optimization Master Plan 

Regional Optimization Master Plan 
Final Report 

Chapter 4 – Overall Treatment Strategy 
 
 

4-9 
J:\Projects\Pima Co WM\05302-ROMP\06 Gen Studies-Rpts\6.1 Report\Final Report\Complete Report_07Nov26_Rev2.doc 

 

Studies to determine if enhanced chlorination disinfection processes are capable of achieving the AAC 
disinfection requirements are included of this planning effort.  The studies have provided favorable results 
but further review and regulatory approval is recommended before finalizing the conclusion of the study.  
Meeting Notes and the study results of  the Enhanced Chlorination/De-Chlorination Evaluation are 
included in Appendix G.  However, in an effort to make the planning process as complete as possible, 
particularly for the PCRWRD CIP, the most costly (capital and O&M) process, UV radiation preceded by 
effluent filtration is included for cost purposes. 

4.6 BNR Process Alternatives 

4.6.1 Universe of BNR Process Alternatives 
The Pima County Wastewater Regional Optimization Plan Study addressed the need to upgrade existing 
wastewater treatment facilities at the Roger Road WRF, Ina Road WRF and Randolph Park WRF for 
increased capacity and more stringent effluent requirements in terms of suspended solids, nitrogen, 
phosphorus, and disinfection.  A Master Plan for the design year 2030 must consider such effluent 
requirements, water reuse opportunities, and expanded facilities to treat the requirements.  Although the 
existing permit does not require nitrogen or phosphorus removal, future discharge permits for the Roger 
Road WRF and Ina Road WRF require each facility to address ammonia toxicity.  The current trend of 
regulatory requirements in the region indicates that more stringent phosphorus and total nitrogen removal 
requirements may be imposed in the future. The treatment process alternatives were developed to meet 
the goal of future effluent limits for nutrients with the following criteria: 
 
Â Ammonia nitrogen concentration of 2 mg/L or less 
Â Total nitrogen concentration of 8 mg/L or less 
Â Total phosphorus concentration of 1 mg/L or less 

 
In addition to the treatment goals as stated above, a high quality effluent with low suspended solids is 
required for reuse of the effluent. 
 
A number of biological treatment processes are currently available for nitrogen and phosphorus removal 
to meet the stated effluent goal.  While chemical phosphorus (Chem-P) removal is a very effective 
method for removing phosphorus, particularly when the extremely low effluent phosphorus limit, such as 
0.5 mg/L or less, is required, biological phosphorus (Bio-P) removal methods are considered preferable 
because they generate less sludge and do not require chemical storage and chemical feed system and do 
not incur additional chemical costs.  In many cases biological phosphorus removal can be added to a 
nitrogen removal process with a minimum investment of additional tankage and provides the additional 
benefit of improving sludge settleability.  Additionally, due to the size and location of the process units, it 
is considered prudent that the Bio-P removal process needs be addressed in the beginning of the project 
rather than as an add-on at some future date.  Chem-P removal process (if required to meet more stringent 
effluent P limits than can be attained by Bio-P alone) could be easily added in the future. 
 
From an overview of the universe of BNR processes (performed by the Consultant Team, the Peer 
Review Group and PCRWRD), the nitrogen removal processes that are considered best suited for further 
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consideration for the Pima County Regional Optimization Master Plan are listed below.  An anaerobic 
process could be combined with these processes to achieve Bio-P removal as well. 
 
Â Suspended Growth System 

− Modified Ludzack-Ettinger (MLE) 
− Bardenpho 
− Step feed activated sludge system for nitrification-denitrification (NdeN) 

 
Â Attached Growth System 

− Biological Aerated Filters (BAF) and Denitrifying Sand Filters 
− Moving bed (MBBRs) 
− Trickling Filter (Biotowers) 

 
Â Integrated System 

− Integrated fixed film activated sludge (IFAS) 
− Membrane in activated sludge system, membrane bioreactor (MBR) 

4.6.2 Initial Screening of BNR Process Alternatives 
The available BNR processes were reviewed for their potential applicability and compatibility with the 
existing facilities, several BNR processes were initially screened for evaluation. The initially screened 
processes and descriptions are as follows: 
 
Â Modified Ludzack-Ettinger (MLE) – Suspended growth activated sludge with an anoxic zone 

followed by an aeration zone and secondary clarification. Mixed liquor from the aerobic zone is 
recycled upstream to the anoxic zone at a recycle flow rate of 3-4 times the influent flow rate. An 
anaerobic zone can be added to the front of the process if phosphorus removal is also required. 

 
Â Bardenpho – Similar to the MLE process but a second set of anoxic and aerobic zones is added 

after the first aerobic zone to provide additional nitrogen removal. 
 
Â Step-Feed Nitrification and Denitrification (NdeN) – This process has been used in many places 

in the U.S. to retrofit existing step feed activated sludge systems for biological nitrogen 
removal. The designs typically have 4 passes with the influent feed distributed at different ratios 
to an anoxic zone in each pass, followed by an aerobic nitrifying zone. Biological phosphorus 
removal is difficult to incorporate into each basin due to the complexity of the piping and tank 
arrangements. 

 
Â Integrated Fixed-film Activated Sludge (IFAS) – This process is a combination of fixed film and 

suspended growth biological treatment. The process can be envisioned as a standard activated 
sludge process that adds attached growth to the aeration tank to increase the amount of active 
biomass.  The aeration tanks are partially filled with suspended inert media that serve as a surface 
for the attached growth.  The aeration tank incorporates screens or sieves to retain the media in the 
aeration tanks.  The aeration tank is followed by a secondary clarifier for suspended solids 
removal. A portion of the suspended solids are returned to the aeration tank. 
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Â Membranes (MBR) – This is an activated sludge process in which microfiltration through a 
synthetic membrane is used in place of secondary clarification.  The microfiltration occurs in a 
separate, final stage activated sludge tank.  Essentially all suspended solids and bacteria are 
retained in the aeration tank due to the small pore size of the separation membrane.  The 
membrane provides both solids removal and filtration.  Sludge is directly wasted from the aeration 
tank to maintain the desired Solids Retention Time.  With membrane separation a much higher 
mixed liquor suspended solids (MLSS) concentration (7-15,000 mg/L) can be used in the activated 
sludge process, reducing tank volume requirements.  The MLSS concentration that can be 
achieved is limited by the oxygen transfer capacity of the aeration system and the fouling 
properties of the membranes. 

 
Â Biological Aerated Filters (BAF) – BAFs are upflow attached growth fixed film processes.  

Normal flow is upward through a packed bed of media.  For BOD removal and nitrification, air is 
added concurrent with the wastewater flow to supply oxygen to the biomass.  The media serves as 
both an attachment surface for the biomass and as a filter media.  As a result these process doe not 
require clarifiers.  Attached biomass is wasted from the filters when the filters are backwashed. 
The media size is in the range of 2 to 4 mm and oxygen for the biological process is supplied 
through an air header piping system below the media aerobic bio-treatment zones.  The Biostyr 
and Biofor processes are the two most prominent BAF processes.  The Biostyr process contains a 
light, buoyant polystyrene bead material and the Biofor process contains a dense expanded clay 
media.  These processes have been used for BOD removal, nitrification and denitrification.  For 
denitrification, an anoxic zone if provided by eliminating the air except for backwashing. 

 
Â Activated Sludge/ Nitrifying Trickling Filter (AS/NTF) with denitrification filters at Roger Road 

WRF – This process uses a mixture of attached growth and suspended growth process, and is 
intended to take advantage of some of the existing infrastructure at the Roger Road WRF.  This is 
applicable only to the Roger Road WRF with the existing biotowers to be used as trickling filters.  
In the first step, a low sludge retention time (SRT) suspended growth activated sludge process is 
used for BOD removal and biological phosphorus removal.  The process has an anaerobic zone 
followed an aerobic zone and secondary clarification.  The effluent from this step is nitrified in 
trickling filters, with methanol added to the trickling filter effluent prior to denitrification and 
filtration on a deep bed denitrifying filter.  Modification of this process includes adding metal 
salts, such as alum or ferric chloride to the primary treatment step for phosphorus precipitation and 
additional BOD and TSS removal. 

 
Â Biotowers/Nitrifying Activated Sludge (BT/NAS) with denitrification filters at Roger Road WRF – 

This is applicable only to the Roger Road WRF utilizing the existing biotowers.  The existing 
biotowers are essentially deep packed bed gravity fed trickling filters.  The wastewater is first 
treated in the biotowers, with the biotowers effluent treated next in an aerobic nitrifying activated 
sludge process before secondary clarification. Alum or ferric chloride is added before the 
secondary clarifier for phosphorus removal. Nitrogen and additional TSS removal from the 
secondary effluent is accomplished in deep bed denitrifying filters with methanol addition. 

 
Â Moving Bed Bioreactor (MBBR) – This process is an attached growth only process that uses media 

similar to that used in the IFAS process as the attachment media.  The aeration tanks tend to be 
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deep to maximize oxygen transfers and are equipped with sieves or screens to retain the media.  
Wasting of biomass occurs by sloughing of the biomass from the media, similar to what occurs 
with a trickling filter.  Clarifiers may or may not be needed based upon the effluent limits and the 
amount of sludge production. 

 
Each of these processes needs to be combined with anaerobic process for Bio-P removal or chemical 
addition for Chem-P removal. 

4.6.3 BNR Processes Selected for Detailed Evaluation 
The initially screened processes were analyzed further using pass/fail criteria that were jointly selected by 
the Consultant Team, the Peer Review Group and PCRWRD.  A matrix of process versus pass/fail criteria 
was used for this initial screening process.  The pass/fail criteria applied to the screening are: 
 

1. Ability to achieve the effluent goal 
2. Adaptability to remove emerging contaminants of concern 
3. Is high dose of methanol required? 
4. Can use existing Bio-towers at Roger Road WRF? 
5. Is it flexible for Bio-P removal? 
6. Are capital costs in the range of Bardenpho? (Initial comparative cost analysis showed the 

lowest life cycle cost with Bardenpho) 
7. Can use existing tankage? 
8. Can achieve turbidity less than 2 NTU? 
9. Can be applied with high purity oxygen (HPO)? (Ina Road WRF has a HPO system) 
10. Are O&M costs in the range of Bardenpho? (Initial comparative cost analysis showed the 

lowest life cycle cost with Bardenpho) 
11. Has the process been used in biological nitrogen removal in the plant size of larger than 20 

mgd for more than three years? 
 
Criteria 2, 4, 8 and 9 were determined to be secondary in consideration for purposes of BNR process 
selection and the remaining criteria were determined to be primary considerations. 
 
Cost estimates for the alternatives were made on a comparative cost basis and common costs to all 
processes such as site preparation, yard piping, and various architectural structures, etc., were not 
included. Present worth analysis was based on 20 years with 8 percent interest. 
 
A matrix analysis was made based on the pass/fail criteria and comparative cost estimates with the input 
from Consultant Team, the Peer Review Group and PCRWRD.  The results with majority answers from 
the review groups are summarized in Table 4-6 and Table 4-7 for Roger Road WRF and Ina Road WRF, 
respectively. 
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Table 4-6 
Roger Road WRF Process Selection Matrix Analysis – Majority Answers 

Criteria MLE Bardenpho AS/NTF BT/NAS
Step 
NdeN 

Biostyr/
Biofor 

IFAS MBR BT/NdeN MBBR

Primary Considerations 

1 N Y Y Y Y Y Y Y Y Y 

3 N N Y Y N Y N N Y Y 

5 Y Y Y N Y/N N Y Y N Y/N 

6 N Y Y Y Y N Y N DK DK 

7 Y Y Y Y Y N Y Y Y Y 

10 N Y N N Y N Y N N N 

11 Y Y DK DK Y Y N N DK DK 

Secondary Considerations 

2 Y Y Y Y Y Y Y Y Y Y 

4 N N Y Y N N N N Y Y/N 

8 Y Y Y Y Y Y Y Y Y Y 

9 NA NA NA NA NA NA NA NA NA NA 

Notes:  Y = Yes;  N = No;  DK = Do not know;  NA = Not applicable 
 
As shown in Table 4-7, AS/NTF, BT/NAS and BT/NdeN are not applicable to the Ina Road WRF 
because treatment with existing trickling filters is available only at the Roger Road WRF. 

 

Table 4-7 
Ina Road WRF Process Selection Matrix Analysis – Majority Answers 

Criteria MLE Bardenpho AS/NTF BT/NAS Step 
NdeN 

Biostyr/
Biofor IFAS MBR BT/NdeN MBBR

Primary Considerations 
1 N Y NA NA Y Y Y Y NA Y 
3 N N NA NA N Y N N NA Y 
5 Y Y NA NA Y N Y Y NA Y/N 
6 N Y NA NA Y N Y N NA DK 
7 Y Y NA NA Y N Y Y NA Y 

10 N Y NA NA Y N Y N NA N 
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Criteria MLE Bardenpho AS/NTF BT/NAS Step 
NdeN 

Biostyr/
Biofor IFAS MBR BT/NdeN MBBR

11 Y Y NA NA Y Y N N NA DK 
Secondary Considerations 

2 Y Y NA NA Y Y Y Y NA Y 
4 NA NA NA NA NA NA N NA NA NA 
8 Y Y NA NA Y Y Y Y NA Y 
9 N N NA NA N N NA NN NA N 

 Notes:  Y = Yes;  N = No;  DK = Do not know;  NA = Not applicable;  NN = Not usable 
 
Based on the comparative cost estimates and matrix evaluations using the pass/fail criteria stated above, 
the failed processes that are not to be considered for further evaluation and the reasons are as follows: 
 
Â Step Feed NdeN 

− Difficulty in incorporating the Bio-P removal 
− May require high dose of methanol 

Â Biostyr/Biofor 
− Difficulty in incorporating the Bio-P removal 
− High capital and operation and maintenance costs 
− Can not use existing tankage 

 
Â AS/NTF 

 – Difficulty in incorporation of Bio-P removal 
− High capital operation and maintenance costs 
− No track record of long period, large plant operation (>3 years and >20 mgd) 
− Only applicable to Roger Road WRF 

 
Â MBR  

− Very high capital operation and maintenance costs 
− No track record of long period, large plant operation (>3 years and >20 mgd) 
− May require high dose of methanol 
− Unknown life expectancy of membranes 
 

Â MBBR 
− High capital operation and maintenance costs 
− No track record of long period, large plant operation (>3 years and >20 mgd) 
− No high temperature (20-33°C) wastewater experiences 

 
Among the remaining processes, the Bardenpho process received the highest ranking followed by IFAS 
and MLE.  The BT/NAS process has essentially similar advantages and disadvantages to those of 
AS/NTF.  However, it was determined that there was a merit to include an alternative utilizing the 
existing biotowers for Roger Road WRF. Therefore the following four alternatives were selected for 
detailed evaluation. 
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Â Bardenpho 
Â MLE 
Â IFAS 
Â BT/NAS for Roger Road WRF and Bardenpho for Ina Road WRF 

4.7 Alternative Evaluation Criteria 

4.7.1 Technical Criteria 
The purpose of alternative evaluation is two fold:  to select the most viable process applicable to both 
treatment plants; and then to select the most favorable flow split options between the plants. Technical 
criteria used in the analysis to determine the most viable alternative were: 
 
Â Operability 
Â Proven process 
Â Life cycle cost 
Â Site compatibility 
Â Resource consumption 
Â Ease of operation and maintenance during construction 

4.7.2 Financial Criteria 
Financial criteria used in the evaluation of alternatives included: 
 
Â Capital costs 
Â Operation and maintenance (O&M) costs 
Â Present worth of capital and O&M costs 

4.7.3 Non-Economic Factor Criteria 
Non-economic Factor Criteria were also used in the final evaluation to determine optimal flow split 
between the Roger Road WRF and the Ina Road WRF.  These criteria and the evaluation are described in 
detail in Chapter 4.8.3. 

4.8 Evaluation of Alternatives 

4.8.1 Technical Evaluation 
Technical aspects pertinent to each alternative are described below.  Each of the processes described 
below is a nitrogen removal process and is typically preceded by an anaerobic process for Bio-P removal. 
 
Â Bardenpho – This process configuration consists of a series of four anoxic and aerobic zones with 

internal recycle of the mixed liquor from the last compartment of the first aerobic zone to the first 
anoxic zone at a rate of up to 400 percent of the average influent flow rate.  This process is intended 
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to remove more nitrogen than the two-stage process such as MLE.  Anaerobic zones for Bio-P 
process step are normally located ahead of the nitrogen removal process.  Denitrification filters with 
methanol addition would not be required to achieve effluent limits for ammonia and nitrogen. 

 
This process has at least 30 years of history in application and proven technology with a track 
record of small to plants > 100 mgd and wide range of influent characteristics while meeting 
effluent criteria more stringent than required for PCRWRD. 

 
A typical process diagram for the Bardenpho process is shown on Figure 4-1. 

 
Figure 4-1 

Typical 5-Stage Bardenpho Process Diagram 

 
Inf – Influent  AN – Anaerobic Chamber OX – Oxic Chamber   
AX – Anoxic Chamber IR – Internal Recycle  FC – Final Clarifier 
RSF – Rapid Sand Filter RAS – Return Activated Sludge  
Eff – Effluent  WAS – Waste Activated Sludge 

 
Â MLE – This process consists of anoxic and aerobic zones with internal recycle of the mixed liquor 

from the aerobic zone to the anoxic zone at a rate up to 400% of the influent flow.  The maximum 
percentage removal of nitrogen is less than the Bardenpho process.  Denitrification filters with 
methanol addition would be required to achieve effluent limits for ammonia and nitrogen.  
Anaerobic zones for Bio-P process step are located ahead of the nitrogen removal step. 

 
A typical process diagram for the MLE process is shown on Table 4-2. 

 

RAS
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Figure 4-2 
Typical MLE Process Diagram 

 
Inf – Influent  AN – Anaerobic Chamber OX – Oxic Chamber   
AX – Anoxic Chamber IR – Internal Recycle  FC – Final Clarifier 
FST – Final Settling Tank DNF – De-Nit Filter  RAS – Return Activated Sludge  
Eff – Effluent  WAS – Waste Activated Sludge 

 
Â IFAS – This process is a combination of fixed film and suspended growth biological treatment. 

The aeration tank configuration employs the same concept of MLE process with anoxic and 
anaerobic zones.  Aeration tanks containing porous plastic media provide high surface area for 
attached biological growth.  The media is separated from the aeration tank effluent with screens 
installed and retained in the aeration tanks.  The attached growth enables the system to maintain an 
equivalent MLSS concentration of 4000-6000 mg/L without a high solids load to the clarifiers.  
Anaerobic zones for Bio-P process step are located ahead of the nitrogen removal process. 

 
 This process is a relatively new, emerging technology and a few small scale applications with 

limited operational experience are available. 
 

Advantages of this process include a smaller foot print requirement to implement the process, 
increasing the capacity of the existing facilities by adding the media, good biomass control and 
high solids inventory in the aeration tanks.  The attached growth nitrifiers are also less sensitive 
to potential washout then suspended growth.  Disadvantages of this process include the cost of 
media, higher energy requirement for the aeration tanks with media, and no operational 
experience at high wastewater temperatures. 

 
A typical process diagram for the IFAS process is shown on Figure 4-3. 

 

RAS
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Figure 4-3 
Typical IFAS Process Diagram 

 
Inf – Influent  AN – Anaerobic Chamber OX – Oxic Chamber   
AX – Anoxic Chamber IR – Internal Recycle  FC – Final Clarifier 
RSF – Rapid Sand Filter RAS – Return Activated Sludge  
Eff – Effluent  WAS – Waste Activated Sludge 
o – Fixed Film 
 

Â BT/NAS for Roger Road WRF and Bardenpho for Ina Road WRF – This process is intended to 
utilize the existing treatment facility and retrofit the required facilities treatment facilities at Roger 
Road WRF. 

 
The advantage of this process would be maximum utilization of existing facilities.  The 
disadvantages would be difficulties of retrofitting the new process with the existing facilities, 
chemical requirement for phosphorus removal, requirement of denitrification filters with 
methanol addition and potentially high costs.  In addition there would be no commonality of the 
processes at the two treatment plants which could require more operational training and a higher 
inventory of spare part. 

 
A typical process diagram for the BT/NAS process is shown on Figure 4-4. 

 
Figure 4-4 

Typical BT/NAS Process Diagram 

 
 
 
 
 
 

BT – Biotower NAS – Nitrifying Activated Sludge SC = Secondary Clarification 
MeOH – Methanol Me+3 – Metallic ion, Al or Fe 

 

RAS

NASBT
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SC DeN 
FilterQPE
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Â MBR – This process combines an ultrafiltration membrane system for solids separation with an 
activated sludge reactor eliminating the need for separate clarification. Wastewater is screened 
before entering the biological treatment tank where aeration within this aerobic zone provides the 
oxygen required for biological respiration and maintains solids in suspension. MLSS in the 
bioreactor are maintained at high levels (1% - 3%) allowing high levels of organic loading to the 
reactor. All solids are retained within the reactor, thus requiring no return activated sludge system. 
The process runs at a high solids retention time and nitrifiers are easily maintained within the 
system. The process is capable of achieving low levels of effluent BOD, suspended solids, 
nitrogen, and phosphorus.  

 
A major advantage of this process is a smaller footprint and increased capacity for existing 
aeration tanks.  The disadvantages would be high energy demand, high capital cost, and high 
costs associated with membrane maintenance.  In addition there would be no commonality of the 
processes at the two treatment plants which could require more operational training and a higher 
inventory of spare parts. 

 
A typical process diagram for the MBR process is shown on Figure 4-5. 

 
Figure 4-5 

Typical MBR Process Diagram 

 
Inf – Influent   AN – Anaerobic Chamber OX – Oxic Chamber  
AX – Anoxic Chamber  IR – Internal Recycle  Eff – Effluent 
M – Membrane Bio-Reactor  RAS – Return Activated Sludge  
WAS – Waste Activated Sludge     

 
A matrix analysis was made with inputs from Consultant Team, the Peer Review Group and PCRWRD 
based on the technical evaluation parameters as stated above and the comparative cost estimates 
summarized in Table 4-9.  The system evaluation matrix with evaluation criteria and completed scores 
for various flow split options are shown in Table 4-8. 
 

RAS
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Table 4-8 
Summary of Technical and Financial Evaluation of Alternatives for Roger Road WRF 

Criteria 
Bardenpho

RR/IR 
MLE 

RR/IR 
IFAS 
RR/IR 

BT/NAS 
RR/IR 

MBR  
RR/IR 

Operability 0 / 0 0 / 0 0 / 0 0 / NA  

Proven process + / + + / + 0 / 0 0 / NA  

Life cycle costs + / + - / - - / - - / NA  

Site compatibility + / + - / - + / + + / NA  

Resource consumption + / + - / - - / - - / NA  

Ease of maintaining treatment 
capacity during construction 

+ / + + / + + / + + / NA  

Recommended process Yes No No No  

Notes:  0  means neutral;  +  means positive; –  means negative; 
NA means not applicable; RR = Roger Road WRF; IR = Ina Road WRF 

 
Based on the results the Bardenpho process was determined to be the most viable technology for both 
plants for the given raw wastewater characteristics and effluent requirements. 

4.8.2 Financial Evaluation 
More detailed comparative cost estimates were made for the entire treatment facilities for Roger Road 
WRF and Ina Road WRF including interconnect pipelines, primary clarifiers, aeration tanks, final 
clarifiers, disinfection facility and odor control system.  The costs were estimated in two sets: first, cost 
estimates were made for the four selected alternatives for the purpose of selection of the most viable 
alternative; second, the cost estimates were made for the Bardenpho process with the three flow split 
options for the purpose of selecting the most cost effective flow split between Roger Road WRF and Ina 
Road WRF.  For each case capital and O&M costs were estimated and present worth (PW) costs were 
calculated based on a project period of 20 years at an interest rate of 8 percent.  The major items of the 
capital costs included: 
 
Â Plant interconnect wastewater transmission pipelines 
Â Demolition and removal of existing obsolete facilities 
Â Construction of new facilities 
Â Reclaimed water return transmission lines 
Â Tucson Water booster pump station 
Â Tucson Water reservoir 

 
The operation and maintenance (O&M) costs included: 
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Â Labor 
Â Methanol 
Â Polymer for sludge thickening and dewatering 
Â Alum for phosphorus removal 
Â Power for wastewater treatment 
Â Power for reuse water pumping 
Â Interconnect line, pumps and mechanical maintenance 

 
Comparative costs did not include items such as site work, paving, architecture, fencing, irrigation, 
administration, laboratory, and other elements common to all alternatives. 
 
Capital and O& M costs were estimated using a computerized data base of costs for similar components 
at many other wastewater treatment plants (Water Cost model), recent experience of the consultant team 
with construction bids for similar facilities, and published (Means) data based on limited quantity take-
offs and vendor quotes. Capital costs for major structures and facilities used in the comparative cost 
estimates were: 
 
Â New screening facility - $60,000/mgd 
Â New grit facility - $50,000/mgd 
Â Aeration Tank - $14/cubic feet (cf) of aeration tank volume 
Â Primary and secondary clarifiers - $350/square feet (sf) of surface area 
Â Denitrification filters - $3,000/sf surface area 
Â Rapid sand filters - $2,300/sf surface area 
Â In plant pump station - $60, 000/mgd 
Â UV disinfection facilities - $60,000/mgd 
Â Plant interconnect - $11/inch-foot 
Â IFAS media - $20/cf of media volume 

 
Comparative costs for major O&M costs were: 
 
Â Power cost – 8.7 cents/kilowatthour (kWh) 
Â Methanol - $1.0/gallon 
Â Alum - $1.0/gallon 
Â Polymer - $2/pound 
Â Labor - $35/hour 

 
Comparative capital costs and present worth (PW) costs are summarized in Table 4-9.  
 



Pima County Regional Wastewater Reclamation Department 
Tucson, Arizona 

Pima County Regional Optimization Master Plan 

Regional Optimization Master Plan 
Final Report 

Chapter 4 – Overall Treatment Strategy 
 
 

4-22 
J:\Projects\Pima Co WM\05302-ROMP\06 Gen Studies-Rpts\6.1 Report\Final Report\Complete Report_07Nov26_Rev2.doc 

 

Table 4-9 
Capital and Present Worth (PW) Costs of Alternatives (1) (2) 

Flow Split RR/IR = 32/50 Flow Split RR/IR = 20/62 
Process 

PW Capital PW Capital 
Bardenpho at RR and IR $431 $287 $464 $319 
IFAS at RR and IR $439 $295 - - 
MLE at RR and IR $446 $300 - - 
BT/NAS at RR and 
Bardenpho at IR - - $479 $327 

(1) Physical limitations of existing trickling filters at Roger Road WRF limit the BT/NAS process 
application to the 20/62 mgd flow split. 

(2) The costs are shown in million dollars. 
 
The Bardenpho process offers the lowest cost treatment approach and is the most widely used process, 
Therefore, the costs for only the Bardenpho process were prepared to compare the relative costs of the 
three flow split alternatives. 
 
The Roger Road WRF is aging and is difficult to retrofit with new facilities that are capable of meeting 
the effluent goals, while meeting all environmental requirements and odor control.  The Roger Road WRF 
site has not sufficient available space to accommodate all new treatment facilities on the existing plant 
site.  Therefore a new treatment plant on the available space referred to as the new Roger Road WRF 
option was considered as an alternative to the modification/expansion of the existing plant for Roger 
Road WRF.  Major benefits of a new plant include: 
 
Â Eliminates risks associated with costs and schedule for rehabilitation 
Â Can be more flexible, reliable and operable 
Â Better integrates with reclaimed water system 
Â Provides least risk for regulatory non-compliance 
Â Maintains existing eco-system in Santa Cruz River  
Â Frees up the existing plant property for economic development 

 
The results of the cost estimates for all options, including the new water reclamation campus (WRC) 
option adjacent to the existing operating facility are summarized in Table 4-10. 
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Table 4-10 
Present Worth (PW) Costs for Bardenpho Process with Three Flow Split Options(1) 

Flow Split Capital Cost PW Cost 

RR WRF=32 mgd 
IR=50 mgd 

$287 $431 

RR WRF=20 mgd 
IR=62 mgd 

$319 $464 

RR WRF=0 mgd 
IR=82 mgd 

$375 $514 

New WRC=32 mgd 
IR=50 mgd 

$320 $457 

New WRC=20 mgd 
IR=62 mgd 

$340 $480 

(1) The costs are shown in million dollars. 
 
The treatment of 32 mgd at Roger Road WRF and 50 mgd at Ina Road WRF is the lowest cost flow split 
alternative. 
 
The comparative costs in Table 4-10 for the rehabilitation of Roger Road WRF and the new Roger Road 
WRF options were based on costs without consideration of the potential costs of the risks inherent in 
rehabilitating the older Roger Road WRF.  Exclusive of these risk-related costs, it would appear that there 
is a cost savings with the rehab option.  However, there are extraordinary risks associated with the Roger 
Road WRF rehabilitation option that would not be found in the new Roger Road WRF option.  The 
potential cost impacts of these risks are discussed in the following paragraphs. 
 
Schedule – It will take longer to construct the rehabilitation project than to construct a new Roger Road 
WRF due to the added time needed to phase pieces of the construction to keep the existing plant in 
operation.  There is also the risk of additional time associated with encountering unexpected conditions 
within the existing plant (piping in unexpected locations, unanticipated utility conflicts, poor underground 
structural conditions that take time to remedy, etc).  There is the additional risk that it may take longer to 
gain public acceptance of the rehabilitation option than for the new Roger Road WRF option because of 
the history of odor problems and generally poor public perception of the existing Roger Road WRF.  
There would be added costs resulting from inflation and added field overhead if these risks materialize. 
In addition to the inflation, there has been extreme volatility and large cost increases for steel, concrete 
and copper experienced in the last year.  Concrete costs are reported to have increased 15-18 percent from 
July 2005 to July 2006. Steel bar used to reinforce concrete is reported to have increased at least 50 
percent.  The net effect on construction costs has been reported to be an increase of 30 percent from July 
2005 to July 2006.  It is speculative whether or not these increases will continue but if they do, substantial 
additional costs would be incurred from schedule delays. 
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If the regulatory deadlines are missed because of delays, a fine for permit violations would likely result. 
Under Federal law, fines up to $35,000 per day can be imposed in Pima County for each such violation.  
There is also the potential that a building moratorium would be imposed until the permit violations cease 
creating added schedule-related costs.  The costs and community impacts of such a moratorium would be 
enormous.  
 
Constructability – Construction within the Roger Road WRF will be very difficult.  Claims for changed 
conditions could be substantial.  Existing “as-built” plans in older facilities are never complete or totally 
accurate.  It is not possible to be knowledgeable about the condition of underground structures or the 
location of underground piping and utilities.  These changed conditions could increase the cost of the 
rehab option. 
 
System Operability – Once the plant is complete, owing to the fact that substantial portions of the plant 
retain older mechanical equipment and components, the resulting plant will be a patchwork of old and 
new facilities will cause the rehabilitation plant to be more cumbersome to operate than a new Roger 
Road WRF.  This will require added operating/maintenance staff. 
 
System Reliability – The rehab option which results in a plant that will be a mixture of old and new 
mechanical equipment that will be inherently less reliable than a new Roger Road WRF.  There is a 
greater risk that a failure of older equipment could cause a violation of the discharge permit.  There is a 
potential liability of $35,000 per day for each such violation. 
 
Environmental Impacts – The rehab option will result in heavy construction occurring in the midst of an 
operating treatment plant.  This increases the chances that a construction activity may disrupt the treatment 
process causing a violation of the discharge permit.  There is a potential liability of $35,000 per day for each 
such violation.  In the event that the disruption causes a severe failure of the treatment process, there could 
be substantial damage to the downstream environment and health risks with an associated liability. 
 
The risk-related costs for the rehab option at the Roger Road WRF are estimated to be $50,000,000-
$80,000,000 exclusive of the cost of a potential building moratorium.  When the risk-related costs are 
considered, the cost difference between the rehabilitation and a new Roger Road WRF options for the 
Roger Road WRF shown in the above table disappear. 

4.8.3 Non-Economic Factor Criteria 
A set of non-economic factor criteria and weighting factors were used for a system analysis to determine 
the most viable and cost effective flow split configuration between the two plants.  The evaluation criteria 
and weighting factors were selected with the input from the Consultant Team, the Peer Review Group and 
PCRWRD.  The cost estimates as shown in the above table were used for the cost criterion.  The selected 
non-economic factor criteria are included in the list shown below: 
 

1. Cost (exclusive of risk-related costs involved in the rehab Roger Road WRF option) 
2. Schedule 
3. Constructability 
4. Flexibility 
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5. System Reliability 
6. System Operability 
7. Environmental Impacts 
8. Water/Waster System Optimization 
9. Public Acceptance 
10. Potential for Cost Sharing 
11. Effect on Financing 

 
The system evaluation matrix with evaluation parameters, weighting factors and total scores agreed upon 
by the Consultant Team, the Peer Review Group and PCRWRD in a workshop, are shown in Table 4-11. 
 

Table 4-11 
Non-Economic Factor Criteria Evaluation Matrix with Complete Scores  

(Rating scale of 1-5 with a rating of 5 being most favorable) 

Un-Weighted Score Weighted Score 
Criteria Weighting RR=32 

IR=50 
RR=20 
IR=62 

RR=0 
IR=82 

RRGF=32 
IR=50 

RRGF=20 
IR=62 

RR=32 
IR=50 

RR=20 
IR=62 

RR=0 
IR=82 

RRGF=32 
IR=50 

RRGF=20 
IR=62 

1 5 5 4 2 4 3 50 40 20 40 30 
2 5 3 3 5 5 5 15 15 25 25 25 
3 3 2 2 4 5 4 6 6 12 15 12 
4 4 3 3 5 5 5 12 12 20 20 20 
5 4 4 4 5 5 5 16 16 20 20 20 
6 4 3 3 4 4 4 12 12 16 16 16 
7 4 3 3 4 4 4 12 12 16 16 16 
8 5 5 4 3 5 4 25 20 15 25 20 
9 5 1 2 2 3 2 5 10 10 15 10 
10 3 5 4 3 5 4 15 12 9 15 12 
11 3 5 4 2 4 3 15 12 6 12 9 

Total  39 36 39 49 43 183 167 169 219 190 

 
This evaluation demonstrated that the flow split option of 32 mgd with a new Roger Roads WRF design 
for Roger Road WRF and 50 mgd with rehabilitation of existing facilities for Ina Road WRF employing 
the Bardenpho process provides the best option for the Regional Optimization Master Plan.  The new 
Roger Road WRF option has a higher rating than the rehabilitation of Roger Road WRF options even 
without consideration of the risk-related costs involved in the rehab option. The new Roger Road WRF 
design option for Roger Road WRF was further reviewed to determine if there would be savings or other 
benefits of eliminating primary treatment in the new Roger Road WRF.  Since all sludge produced at both 
plant sites would be processed at the Ina Road WRF, it would simplify operations if the primary treatment 
is eliminated at Roger Road WRF.  Potential benefits of a new Roger Road WRF design without primary 
treatment include: 
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Â Eliminates construction and operating costs of primary clarifiers at Roger Road WRF 
Â Eliminates primary sludge pumping to Ina Road WRF and processing it at Ina Road WRF 
Â Provides a carbon source necessary for Bio-P and nitrogen removal 

 
A disadvantage is increased aeration tank size and aeration power at Ina Road WRF. However, 
comparative cost estimates concluded that the additional capital cost of larger aeration tanks is offset by 
the elimination of capital cost for primary clarifiers at Roger Road WRF.  Considering the bulk of BOD 
removal is achieved through anaerobic and anoxic processes for Bio-P and nitrogen removal, the 
additional aeration power may be somewhat higher than with primary treatment.  During start-up of the 
Ina Road WRF’s BNRAS system, primary clarifiers have been bypassed and the new BNRAS plant has 
been operated with the raw wastewater resulting in an effluent total nitrogen concentration of 3.5 mg/L.  
This has been accomplished without appreciable additional aeration costs for air from the blower system.  
The other disadvantage is that without primary treatment, fine influent screening and good grit removal 
systems are essential to protect operating pumps and equipment.  With these considerations, the new 
facility design without primary treatment is recommended. 

4.8.4 Recommendation 
As a result of the evaluations of the BNR process alternatives and flow-split options between Roger Road 
WRF and Ina Road WRF, the following recommendations are made: 
 
Â Use Bardenpho process at both plant locations 
Â Use a flow split of 32 mgd for Roger Road WRF and 50 mgd for Ina Road WRF 
Â Use the new facility design for Roger Road WRF plant and rehabilitation for the Ina Road WRF 

facilities 
Â Implement the new facility design at Roger Road WRF without primary treatment 

4.8.5 Preliminary Sizing of Facilities 
The facility for Roger Road WRF and Ina Road WRF was sized to adequately treat the future wastewater 
loads and to consistently meet the future effluent requirements meeting the treatment goals. The facilities 
were initially sized based on conventional design approach and confirmed by the GPS-X modeling.  
 
The sizing of the aeration tank was based on the raw wastewater without primary treatment for the Roger 
Road WRF plant and with primary treatment for the Ina Road WRF.  The flows and loading conditions 
used for the initial sizing are shown in  
Table 4-5.  The aeration tanks were configured with three-anaerobic bio-selector zones, five-anoxic 
zones, four-aerobic zones, one-anoxic zone and one-aerobic zone in series for a total of 14 zones.  A 
typical internal recycle of 400 percent was used with the recycle flow from zone 12 to zone 4.  This 
configuration utilizes zones 1-3 for anaerobic process for Bio-P removal and the rest of the zones for 
BOD removal, nitrification and denitrification. 
 
The Roger Road WRF requires a new aeration capacity of 21 million gallons (MG) for the new facility 
design option without primary clarifiers.  The Ina Road plant requires a total aeration tank capacity of 33 
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MG.  The existing BNRAS aeration tanks provide 7.5 MG of capacity. The balance of 25.5 MG for new 
aeration tanks needs to be constructed.  
Due to carbon limitation to achieve both biological phosphorus removal and denitrification, some 
chemical addition of ferric chloride (or alum) or methanol is required to remove additional N and/or P 
beyond the denitrification and Bio-P can achieve in order to meet the effluent requirements.  Because of 
advantage of chemically binding of phosphorus in the biosolids treatment processes and reduced 
phosphorus in the recycle, additional chemical phosphorus removal, after optimal removal of phosphorus 
by Bio-P, is recommended.  The ferric chloride can be added to the stream of aeration tank effluent ahead 
of the final clarifiers to clean-up the residual phosphorus to meet the future effluent limit for phosphorus. 
 
The new WRC should be designed for a peak hourly flow of two times of the average daily flow.  The 
peak hourly flows are 64 mgd for the new WRC adjacent to the existing Roger Road WRF and 100 mgd 
for Ina Road WRF. 
 

Table 4-12 
Peak Hourly Flows for Year 2030 at NEW WRC and Ina Road WRF 

Item 
Roger Road WRF 

New Facility Design
without Primary 

Ina Road WRF 
Existing Plus 
New Addition 

Peak Hourly Flow, mgd 
  Influent Pump Station 
  Grit Removal Facility 
  Primary Treatment 
  Aeration Tanks 
  Final Clarifiers 
  Rapid Sand Filters 
  UV Disinfection Facility 

 
64 
64 
64 
64 
64 
64 
64 

 
100 
100 
100 
100 
100 
100 
100 

Preliminary Aeration Tank (AT) Size, MG 
  Existing AT 
  New AT 
  Total AT 

 
0 

21.0 
21.0 

 
7.5 

25.5 
33.0 

 
Preliminary site plans are shown on Figure 4-6 and Figure 4-7 for the new WRC and Ina Road WRF, 
respectively. 
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Figure 4-6 
32-mgd Water Reclamation Campus Preliminary Site Plan 
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Figure 4-7 
New 50-mgd Ina Road WRF Preliminary Site Plan 
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4.9 Summary 
A detailed analysis on the wastewater treatment strategy was made and the results are summarized as 
follows: 
 
Â The year 2030 wastewater flows in the Roger Road WRF and Ina Road WRF service areas were 

estimated based on the population projections and flow estimates contained in the 2006 Facilities 
Plan document. The year 2030 total flow within the two service areas is approximately 82 mgd 

 
Â Wastewater characteristics were determined based on the information contained in the 2004-2005 

GPS-X modeling, future loadings predicated on water conservation, and mass balance with recycle 
flows from expected future biosolids operation. Because of higher recycle contribution, the 
nutrient concentrations in the Ina Road WRF influent were substantially higher than the Roger 
Road WRF influent. Peaking factors were estimated based on operating data. 

 
Â Among a number of flow-split options reviewed, three flow-split options were selected for flow 

split between the treatment plants for further analysis and these include: 
− 32 mgd to Roger Road WRF and 50 mgd to Ina Road WRF 
− 20 mgd to Roger Road WRF and 62 mgd to Ina Road WRF 
− All 82 mgd to Ina Road WRF 

Â Due to expected stringent effluent requirements and effluent reuse requirements, a high degree of 
treatment would be required and the effluent goals were set at: 

− Ammonia nitrogen concentration of 2 mg/L or lower 
− Total nitrogen concentration of 8 mg/L or lower 
− Total phosphorus concentration of 1 mg/L or lower 
− Low turbidity  

 
Â To meet the effluent goals, a combination of biological nitrogen removal processes and biological 

phosphorus (Bio-P) removal was found to be the most cost effective.  
 
Â A review of BNR processes for nitrogen and phosphorus removal resulted in consideration of nine 

processes which were screened based on economic and non-economic criteria. As a result, four 
alternatives were selected for further evaluation: 

− Bardenpho 
− MLE 
− IFAS 
− BT/NAS (for treatment of 20 mgd at Roger Road WRF) 

 
Â Four BNR alternatives were further evaluated based on technical and economic criteria. The 

Bardenpho process was determined as the most reliable and cost effective process for both 
treatment plants. 
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Â Using on the Bardenpho process, the flow split options were analyzed based of technical and 
economic criteria.  The flow-split option of 32 mgd to Roger Road WRF and 50 mgd to Ina Road 
WRF was determined as the most reliable and cost effective option. 

 
Â The new facility option of replacing the existing Roger Road WRF with a new treatment plant at 

the Roger Road location was evaluated.  Considering the cost uncertainties involved in 
rehabilitating and modifying the Roger Road WRF and considering non-economic factors, the new 
WRC option was determined to be the favorable option for the future Roger Road WRF. 

 
Preliminary sizing was made for both treatment plants based on conventional design approach and was 
confirmed with GPS-X modeling.  No chemical use is required for the new WRC, but some amount of 
alum (or ferric chloride) will be required at the Ina Road WRF when phosphorus removal becomes a 
requirement at some time in the future.  This is due to relatively high nutrient concentration in the Ina 
Road WRF influent and insufficient carbon source to support for both denitrification and Bio-P.  The 
chemical will remove additional amount of P, after Bio-P removal, to meet the effluent P requirement in 
the future.
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Chapter 5 -  Biosolids 

5.1 Introduction 
Biosolids processing at wastewater treatment facilities is an integral and often costly part of the treatment 
plant operations.  Incorporating sufficient facilities to remove solids from the wastewater stream, 
adequately stabilize these solids, and reliably dispose of the resultant product continues to challenge 
municipal agencies.  Added to the more traditional needs of biosolids processing is the increasing 
pressure to provide higher level stabilization to the biosolids and continue to identify additional outlets for 
disposal and reuse.  An evaluation of existing biosolids practices with respect to the Part 503 regulations 
has been made.  Also, the drivers and alternative improvements required associated with achieving a 
Class A product will be discussed.  The overall goal of these evaluations is to provide a road map for 
biosolids processing and handling that will allow the County to cost effectively process and dispose of 
biosolids now and through the 25-year planning period that can adapt to changes in the disposal markets.  
This chapter of the Regional Optimization Master Plan Report is arranged into the following topics: 
 
Â Discussion of existing Class B biosolids processing 
Â Estimated future biosolids production 
Â Class B and Class A requirements 
Â Discussion of available markets 
Â Process alternatives for Class A biosolids production 
Â Class B and Class A arrangements for the “existing plan”, “transfer all”, and “transfer some” 

options 
Â PCRWRD energy evaluation findings 
Â Biosolids processing recommendations 
Â Recommended biosolids management plan 

5.2 Existing Class B Biosolids Processing 
A condition assessment of all facilities at the Roger Road WRF and Ina Road WRF has been performed 
for this master planning effort and is summarized in this report.  Thus, only a brief summary of existing 
facilities and the condition of these facilities will be provided in this chapter. 

5.2.1 Roger Road WRF Biosolids Processing 
The existing Roger Road WRF biosolids processing facilities and a summary of the condition assessment 
results are provided in Table 5-1.  The existing digestion facilities are designed to produce Class B 
biosolids through mesophilic anaerobic digestion.  The design parameter for mesophilic anaerobic 
digestion to meet Class B 503 regulatory requirements is a 15 day hydraulic detention time to meet 
pathogen reduction requirements, which typically results in volatile solids destructions of approximately 
45-55 percent.  The digestion process must also attain at least 38 percent destruction of volatile solids to 
comply with the Part 503 requirements for Vector Attraction Reduction.  Based on data provided by the 
County, the existing facilities are typically achieving volatile solids destructions of 50 to 54 percent.  This 
reduction rate indicates good digestion operation at the plant, but as indicated in the table below, this 
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requires all four primary digesters to be in service and is at a plant influent flow of approximately 38 mgd 
(under existing plant capacity of 41 mgd).  If the plant were at capacity, the existing digestion process 
could become stressed and volatile solids destructions could be reduced.  The digested sludge is 
transported to the Ina Road WRF in a dedicated pipeline for further thickening/dewatering prior to land 
application.  Figure 5-1 summarizes existing biosolids facilities and mass transfers at the Roger Road 
WRF. 
 

Table 5-1 
Summary of Roger Road WRF Biosolids Facilities 

Unit Process Facilities Condition 

3 – Covered Gravity 
Thickeners 

Uncertain structural stability and corrosive 
environment for equipment tankage 

2 – Dissolved Air Flotation 
Thickeners 

Broken parts – currently not in use and not 
expected to be utilized due to labor intensity 

Solids Thickening 
(Primary Sludge 
and Waste 
Activated Sludge) 

1 – Gravity Belt Thickener Currently just beginning service for WAS 
thickening, excellent condition 

Digestion 6 –Anaerobic Digesters 
(4 Primary and 2 Secondary) 

No. 3 has gas leakage through roof, all un-
inspected internally for 50 years, potential 
solids deposition in all, mixing issues with No. 6 

Sludge Transfer to 
Ina Road WRF 

Sludge Pumping Station and 
5.3 mile 8-inch Force Main 

Cavitation issues with pumping units, potential 
corrosion issues in force main, and single 
element redundancy issues 
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Figure 5-1 
Existing Roger Road WRF Biosolids Diagram (at 38.3 mgd) 

GT

Digesters P.S.
To Ina Road

Thick: 75,000-105,000 dry lbs/day
3.4% TSS
80-83% VSS

Dig: 44,000-60,000 dry lbs/day
1.8% TSS
66%VSS

Pri: 60,000-80,000 dry lbs/day
1% TSS

WAS: 15,000-25,000 dry lbs/day
<1% TSSGT

Digesters P.S.
To Ina Road

Thick: 75,000-105,000 dry lbs/day
3.4% TSS
80-83% VSS

Dig: 44,000-60,000 dry lbs/day
1.8% TSS
66%VSS

Pri: 60,000-80,000 dry lbs/day
1% TSS

WAS: 15,000-25,000 dry lbs/day
<1% TSS

 
TSS = Total Suspended Solids 
WAS = Waste Activated Sludge 
VSS = Volatile Suspended Solids

P.S. = Pumping Station 
GT = Gravity Thickener 
GBT = Gravity Belt Thickener 

 

5.2.2 Ina Road WRF Biosolids Processing 
The existing Ina Road WRF biosolids processing facilities and a summary of the condition assessment 
results are provided in Table 5-2.  The existing digestion facilities are designed to produce Class B 
biosolids through mesophilic anaerobic digestion.  Based on data provided by the County, the existing 
facilities are typically achieving volatile solids destructions of 55 percent.  This reduction rate indicates 
good digestion operation at the plant.  Figure 5-2 summarizes existing biosolids facilities and mass 
transfers at the Ina Road WRF. 
 
Stabilized Class B biosolids are currently thickened to approximately 8 percent solids using centrifuges 
and are disposed of through an existing contract for agricultural land application.  This disposal option is 
preferred to thickened rather than dewatered solids as the water in the biosolids is beneficial in the region 
and the existing contractor’s equipment is consistent with this product up to 10 percent solids. 
 
The current land application option has been successful for the County and provides a beneficial use of its 
biosolids.  It is expected that land application will continue to be an option for biosolids disposal in the 
area in the future.  However, some issues of concern with this disposal method have arisen.  Currently, 
hauling distances for disposal are approximately 25 miles round trip and are through a single disposal 
contractor that controls the majority of available land in the area.  It is expected that this hauling distance 

GBT 
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could increase to 40 miles roundtrip at some point in the future as development pushes available land 
further out from the existing Ina Road WRF.  Concerns over the quality of Class B biosolids have arisen 
in other parts of the U.S.  If similar concerns arise in the area, disposal of Class B biosolids by land 
application could become difficult or unacceptable, requiring Class A processing.  Also, the County 
wishes to have additional options for disposal. 
 

Table 5-2 
Summary of Ina Road WRF Biosolids Facilities 

Unit Process Facilities Condition 

1 –Gravity Thickener Tankage in good condition, odor issues Solids Thickening 
(Primary Sludge and 
Waste Activated Sludge) 3 – Dissolved Air Flotation 

Thickeners 
Tankage in good condition, wear on 
pumping and gas equipment, odor issues 

Digestion 4 –Anaerobic Digesters  
(All Primary) Fair condition, no major issues 

Thickening/Dewatering 3 – Thickening/Dewatering 
Centrifuges 

Centrate pumping capacity issues, 
struvite buildup problems, lack of cake 
pumping equipment, odor issues 

Digested Sludge Storage 
and Transfer Station 

1 – Bladder Storage Basin 
and Transfer Station 

Inadequate and aging storage capacity; 
odor, safety and electrical system issues 
at transfer facility 

 
Figure 5-2 

Existing Ina Road WRF Biosolids Diagram (at 23.4 mgd) 

GT

Digesters Centrifuges

To Storage/
Land Application

Thick: 55,000-65,000 dry lbs/day
4.4% TSS
83-86% VSS

Dig: 32,000-38,000 dry lbs/day
1.8% TSS
64%VSS

Pri: 40,000 dry lbs/day
0.5% TSS

WAS: 15,000-25,000 dry lbs/day
0.2% TSS

Roger: 44,000-60,000 dry lbs/day
1.8% TSS
66%VSS

72,000-93,000 dry lbs/day
8% TSS

GT

Digesters Centrifuges

To Storage/
Land Application

Thick: 55,000-65,000 dry lbs/day
4.4% TSS
83-86% VSS

Dig: 32,000-38,000 dry lbs/day
1.8% TSS
64%VSS

Pri: 40,000 dry lbs/day
0.5% TSS

WAS: 15,000-25,000 dry lbs/day
0.2% TSS

Roger: 44,000-60,000 dry lbs/day
1.8% TSS
66%VSS

72,000-93,000 dry lbs/day
8% TSS
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5.2.3 Non-Metro Facilities 
Pima County operates a number of wastewater treatment facilities besides the Roger Road WRF and Ina 
Road WRF termed the “Non-Metro Facilities”.  Biosolids processing at each of these facilities varies 
significantly from one facility to another and appears to have been based on size of facility, available land 
for evaporation, distance to existing sewers to Ina Road WRF and Roger Road WRF, etc.  Table 5-3 
summarizes approximate solids production rates from these facilities and the type of processing and 
disposal used.  Three of the plants, Marana WRF, Mt. Lemmon WRF, and Avra Valley WRF, have solids 
generated at the facility hauled to either Ina Road WRF or Roger Road WRF influent sewers.  Thus, the 
sludge generated at these facilities become part of the treatment and disposal processes at Ina and Roger 
Road as well.  For the purposes of evaluating treatment alternatives for the Ina Road WRF and Roger 
Road WRF during the planning period, it was assumed that these Non-Metro facilities would continue the 
current practice. 
 
The Green Valley WRF, a 4.1-mgd facility, has the most significant biosolids processing facilities.  This 
plant also has an alternative disposal method that has allowed Pima County to diversify its disposal 
options into a new market, mine reclamation.  Dried solids (greater than 90 percent TSS) are transported 
to the ASARCO Mission Mine Facility for utilization to as a soil amendment for establishing vegetation 
on mine tailings.  This disposal option is occurring through a research project associated with the 
University of Arizona.  Results have been promising to date. 
 

Table 5-3 
Regional Facilities Current Biosolids Generation and Processing 

Location Current,  
dry tpd(1) Processing, Disposal 

Marana WRF 0.28 storage, hauled ⇒ Ina Road WRF 

Rillito Vista WRF 0.014 dried, scraped, hauled to landfill 

Avra Valley WRF 2.2 storage, hauled ⇒ Roger Road WRF 

Green Valley WRF  5.7 GBTs, Aerobic Dig., Belt Filter Press (BFPs), Drying ⇒ Mine 
Arivaca Junction 
WRF  0.09 dried, scraped, hauled to landfill  

Corona de Tucson 
WRF   0.16 Evaporation, hauled to landfill when pond is cleaned 

Pima Co. Fairgrounds 
WRF  0.004 Evaporation, hauled to landfill when pond is cleaned 

Mt. Lemmon WRF 0.018 storage, hauled ⇒ Ina Road WRF 

Randolph Park WRF 0.007 Conveyed by sewer to Roger Road WRF 
 Total 8.47  

(1)  Based on 2,800 dry lbs/day raw biosolids produced per mgd of flow treated 
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5.3 Estimated Future Biosolids Production 
Through development of wastewater projections and treatment alternatives analysis associated with this 
project, future biosolids production rates have been estimated for the Roger Road WRF and Ina Road 
WRF for the three main arrangement alternatives – existing plan, transfer all, transfer some.  The liquid 
stream treatment alternatives are impacted by recycles from the solids treatment processes, particularly 
from solids thickening and post stabilization thickening or dewatering.  The type of solids stabilization 
utilized greatly impacts the constituents in the recycle streams, such as ammonia and phosphorus.  Mass 
balances have been developed for the facilities to account for these recycle streams. 
 
At the Biosolids Workshop (No. 7), it was agreed that Pima County will continue to utilize anaerobic 
digestion for solids stabilization of sludge streams from the Ina Road and Roger Road plants.  Prior to this 
study, all three of the major system configuration alternatives considered (existing plan, transfer all, 
transfer some) included a central biosolids processing facility at Ina Road WRF and the digestion 
facilities at Roger Road WRF were to be decommissioned.  Centralization of solids handling and 
treatment is cost effective, particularly if Class A biosolids are required.  Thus, a centralized biosolids 
processing facility serves as the starting point for development of biosolids processing alternatives.  
Additionally, in the existing plan and transfer some alternatives, the scenario of a Roger Road WRF have 
been developed.  In this scenario, Roger Road WRF solids would be handled as follows: primary sludge 
(if primary tanks are provided) would be transferred to Ina Road WRF in the influent sewer, and waste 
activated sludge would be thickened to 3 percent solids at Roger Road WRF and then pumped to 
digestion at Ina Road WRF. 

5.3.1 Biosolids Production Assumptions 
Major assumptions in developing biosolids production rates at the Roger Road and Ina Road plants are 
summarized below. 
 
Non-Metro facility solids generation and contribution to Roger Road WRF or Ina Road WRF are 
determined for planning purposes.  As these solids come into the plants with the influent, wastewater 
characteristics and concentrations were developed for these loads.  Table 5-4 summarizes the 
assumptions made for Non-Metro facility solids contributed to Roger Road WRF and Ina Road WRF. 
 

Table 5-4 
Non-Metro Facility Sludge Wastewater Characteristic Assumptions 

Parameter Assumption 
Percent Solids 1% 

TSS See estimates in Table 5-15 Non-Metro 
Facilities Future Biosolids Production 

BOD 0.5 *TSS 
COD 2 * BOD 
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Parameter Assumption 
sBOD 0.23 * BOD 
VSS 0.76 * TSS 
TKN 0.05 * TSS 
TP 0.02 * TSS 

 
Primary treatment removals were estimated.  The removal rates were established based on which 
treatment facility was being addressed and, for Ina Road WRF, the capacity being treated.  Primary 
removal of BOD was estimated at approximately 31% and TSS removal at 60%. 
 
Other major assumption for treatment to generate biosolids produced for the alternatives are summarized 
in Table 5-5. 
 

Table 5-5 
Additional Biosolids Generation Assumptions 

Process Parameter Assumption 
Solids Yield with Primary Tanks 0.8 lb TSS/lb BOD applied 

Solids Yield without Primary Tanks 1.2 lb TSS/lb BOD applied 
WAS Concentration 7,000 mg/L 

TP Removal to Sludge 60% of Primary Effluent TP 

Secondary Treatment 

Sludge VSS 76% of Sludge TSS 
TSS 90% Removal 

Thickening 
Thickened Concentration 4.5% 

Digestion Minimum VSS Destruction 50% 
Digested Sludge Thickening Concentration 8% 

Primary Sludge Sent to Ina Road in Sewer 
Roger Road WRF 
Assumptions WAS Thicken to 3% and Pump to Ina 

Road WRF 
 
Using the assumptions summarized above, biosolids quantities were developed for each of the major 
treatment alternatives. 

5.3.1.1 Roger Road WRF 
The treated flow at Roger Road WRF for each of the major system configurations (existing plan, transfer 
all, transfer some) is 32 mgd, 0 mgd, or 20 mgd, respectively.  Also, the 32-mgd WRF alternative would 
have differing thickened sludge flows and recycles.  Table 5-6, Table 5-7, Table 5-8 and Table 5-9 
summarize sludge flows generated at the Roger Road WRF or the system configurations for 32 mgd, 32 
mgd WRF (with primary tanks), 32-mgd WRF (no primary tanks), and 20 mgd. 
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 Table 5-6 
Roger Road WRF 32-mgd Solids Streams 

 
 Table 5-7 

Roger Road WRF 32-mgd Solids Streams (With Primary Tanks) 

Solids Stream Flow, mgd % Solids TSS Mass,  
dry lbs/day 

VSS Mass, 
dry lbs/day 

Primary Sludge  
(to Ina Road WRF Influent) 0.58 1.0 48,700 37,000 

Waste Activated Sludge 0.77 0.7 45,100 34,300 
Thickened WAS  
(to Ina Road WRF Digestion) 0.24 2.0 40,600 30,900 

Thickener Overflow 0.53 0.1 4,500 3,400 
 

Table 5-8 
Roger Road WRF 32-mgd Solids Streams (No Primary Tanks) 

Solids Stream Flow, mgd % Solids TSS Mass,  
dry lbs/day 

VSS Mass,  
dry lbs/day 

Waste Activated Sludge 1.72 0.7 100,600 76,400 
Thickened WAS  
(to Ina Road WRF Digestion) 0.36 3.0 90,500 68,800 

Thickener Overflow 1.36 0.1 10,100 7,600 
 

Table 5-9 
Roger Road WRF 20-mgd Solids Streams 

Solids Stream Flow, mgd % Solids TSS Mass,  
dry lbs/day 

VSS Mass,  
dry lbs/day 

Primary Sludge 0.41 1.0 34,500 26,200 
Waste Activated Sludge 0.52 0.7 30,100 22,900 

Solids Stream Flow, mgd % Solids TSS Mass,  
dry lbs/day 

VSS Mass, 
dry lbs/day 

Primary Sludge 0.62 1.0 51,900 39,400 
Waste Activated Sludge 0.80 0.7 46,600 35,400 
Thickened Sludge 0.24 4.5 88,700 67,400 
Thickener Overflow 1.18 0.1 9,900 7,500 
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Solids Stream Flow, mgd % Solids TSS Mass,  
dry lbs/day 

VSS Mass,  
dry lbs/day 

Thickened Sludge 0.16 4.5 58,100 44,200 
Thickener Overflow 0.77 0.1 6,500 4,900 

5.3.1.2 Ina Road WRF 
The treated flow at Ina Road WRF for each of the major system configurations (existing plan, transfer all, 
transfer some) is 50 mgd, 82 mgd, or 62 mgd, respectively.  Also, the 32-mgd Roger Road WRF 
alternative would result in differing sludge flows and recycles at Ina Road WRF as the Roger Road WRF 
solids handling will impact to the Ina Road WRF influent.  Table 5-10,  
Table 5-11, Table 5-12, Table 5-13 and Table 5-14 summarize Ina Road WRF sludge flows for the 
major system configurations.  Additional sludge from Roger Road WRF pumped to the plant via the 8-
inch interconnect (loads shown in Subchapter 5.3.1.1) would be added to obtain total solids to digestion at 
Ina Road WRF.  The following tables present only the solids generated from Ina Road WRF wastewater 
liquid stream processes. 
 

Table 5-10 
Roger Road WRF 50-mgd Solids Streams 

Solids Stream Flow, mgd % Solids TSS Mass,  
dry lbs/day 

VSS Mass, 
dry lbs/day 

Primary Sludge 1.14 1.0 95,200 72,400 
Waste Activated Sludge 1.35 0.7 78,800 59,900 
Thickened Sludge  
(WAS + Primary) 0.42 4.5 156,600 119,000 

Thickener Overflow 2.07 0.1 17,400 13,200 
 

Table 5-11 
Ina Road WRF 50-mgd Solids Streams (Roger Road WRF, With Primary Tanks) 

Solids Stream Flow, mgd % Solids TSS Mass,  
dry lbs/day 

VSS Mass, 
dry lbs/day 

Primary Sludge 1.52 1.0 127,200 96,600 
Waste Activated Sludge 1.60 0.7 93,700 71,200 
Thickened Sludge  
(WAS + Primary) 0.53 4.5 198,700 151,000 

Thickener Overflow 2.60 0.1 22,100 16,800 
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Table 5-12  
Ina Road WRF 50-mgd Solids Streams (Roger Road WRF, No Primary Tanks) 

Solids Stream Flow, mgd % Solids TSS Mass,  
dry lbs/day 

VSS Mass, 
dry lbs/day 

Primary Sludge 1.15 1.0 95,300 72,400 
Waste Activated Sludge 1.35 0.7 78,800 59,900 
Thickened Sludge  
(WAS + Primary) 0.42 4.5 156,600 119,000 

Thickener Overflow 2.07 0.1 17,400 13,200 
 

Table 5-13 
Ina Road WRF 82-mgd Solids Streams 

Solids Stream Flow, mgd % Solids TSS Mass,  
dry lbs/day 

VSS Mass, 
dry lbs/day 

Primary Sludge 1.75 1.0 145,900 110,900 
Waste Activated Sludge 2.14 0.7 124,800 94,900 
Thickened Sludge 
(WAS + Primary) 0.65 4.5 243,700 185,200 

Thickener Overflow 3.24 0.1 27,100 20,600 
 

Table 5-14 
Ina Road WRF 62-mgd Solids Streams 

Solids Stream Flow, mgd % Solids TSS Mass,  
dry lbs/day 

VSS Mass,  
dry lbs/day 

Primary Sludge 1.35 1.0 112,600 85,600 
Waste Activated Sludge 1.63 0.7 95,200 72,300 
Thickened Sludge  
(WAS + Primary) 0.50 4.5 187,000 142,100 

Thickener Overflow 2.48 0.1 20,800 15,800 

5.3.1.3 Non-Metro Facilities 
To estimate future production rates from the Non-Metro facilities, an assumed production rate of 2,800 
dry lbs/day raw biosolids produced per mgd of flow treated was applied to the expected future capacities 
of the facilities.  A new Non-Metro Southlands WRF has been proposed that would have a capacity of 
approximately 13.7 mgd.  Solids generated at this future facility were assumed to have separate 
processing and disposal as currently provided at Green Valley WRF.  Table 5-15 summarizes the 
assumed future biosolids production rates for the Non-Metro facilities. 



Pima County Regional Wastewater Reclamation Department 
Tucson, Arizona 

Pima County Regional Optimization Master Plan 

Regional Optimization Master Plan 
Final Report 

Chapter 5 – Biosolids 
 
 

5-11 
J:\Projects\Pima Co WM\05302-ROMP\06 Gen Studies-Rpts\6.1 Report\Final Report\Complete Report_07Nov26_Rev2.doc 

 

Table 5-15  
Regional Facilities Future Biosolids Production (2030) 

Location Future, 
raw dry tpd(1) Processing, Disposal 

Arivaca Junction 
WRF 0.00 Facility decommissioned, flow transferred to Green Valley 

WRF 

Avra Valley WRF 4.20 storage, hauled ⇒ Roger Road WRF 
Corona de Tucson 
WRF 2.94 storage, hauled ⇒ Ina Road WRF 

Green Valley WRF 6.16 GBTs, Aerobic Dig., BFPs, Drying ⇒ Mine 

Marana WRF  6.16 storage, hauled ⇒ Ina Road WRF 

Mt. Lemmon WRF 0.003 storage, hauled ⇒ Ina Road WRF 
Pima Co. Fairgrounds 
WRF 0.00 Facility decommissioned, flow transferred to Southeast 

Interceptor (SEI) 

Rillito Vista WRF 0.00 Facility decommissioned, flow transferred to Marana WRF 

Randolph Park WRF 0.007 Conveyed by sewer to new WRC/Ina Road WRF 

Southlands  WRF 
(future) 14.70 Thicken/haul to interceptor for discharge 

 Total 28.0  
(1)  Based on 2,800 dry lbs/day raw biosolids produced per mgd of flow treated 

5.4 Class B and Class A Biosolids Requirements 
The 40 Code of Federal Register (CFR) Part 503 regulations set forth requirements for the stabilization 
and disposal of biosolids.  The regulations are divided into sections by type of disposal method as well as 
general provisions and pathogen and vector attraction reduction requirements.  A full summary of the 
regulations is not provided here as a number of other sources provide good descriptions of the 
requirements.  The requirements associated with land application and specific Class A and Class B 
production is briefly reviewed in this chapter. 

5.4.1 General Land Application Requirements 
Based on the current regulations, bulk biosolids applied to land must meet pollutant ceiling concentrations 
and cumulative pollutant loading rates, Class B pathogen requirements, vector attraction reduction 
requirements, and management practices requirements.  Vector attraction reduction can be accomplished 
in a number of ways listed in the regulations, such as digestion to achieve greater than 38 percent VSS 
reduction, alkaline stabilization, drying, injection, or incorporation.  Management practices requirements 
apply to application of both Class A and Class B biosolids, but the restrictions associated with Class B 
products are considerably more stringent.  If Class A pathogen reduction requirements are met, the 
biosolids can also be utilized for lawns and home garden applications. 
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5.4.2 Class B Requirements 
The EPA Part 503 regulations provide three approaches to produce a Class B product.  The first approach 
is to use a technology on the EPA list of PSRPs.  The other two approaches require continuous 
monitoring for pathogens or submitting pathogens data to EPA to demonstrate that the process is 
equivalent to a PSRP process.  The processes considered to meet the criterion for Class B biosolids 
associated with this study are all on the EPA PSRP list.  Table 5-16 summarizes the criteria for PSRPs 
process considered for this study. 
 

Table 5-16 
Class B Processes 

Process Requirements 

Aerobic Digestion 
MCRT of 40 days at 20°C or 

MCRT of 60 days at 15°C 
Air Drying Dry on beds for 3 months, with 2 months ≥ 0°C 

Anaerobic Digestion 
MCRT of 15 days at 35-55°C or 

MCRT of 60 days at 20°C 
Composting 5 days at 40°C and 4 hours of the 5 days at 55°C 
Lime Stabilization Lime addition to pH 12 and maintained for 2 hours 

5.4.3 Class A Requirements 
The Part 503 regulations establish six alternatives to demonstrate meeting Class A requirements.  As in 
the case of the Class B requirements, one approach is to use a technology that is on the list of PFRP.  The 
other five alternatives prescribe a time-temperature requirement, a high pH-temperature requirement, 
continuous monitoring for pathogens to demonstrate compliance (alternatives 3 and 4) or obtaining a 
PFRP equivalency approval from EPA.  Most of the process considered for Pima County for obtaining a 
Class A designation fall on the list of PSRP processes.  Table 5-17 summarizes the processes considered 
in this study to achieve Class A compliance. 
 

Table 5-17 
Class A Processes 

Process Requirements 
Thermophilic Aerobic 
Digestion (1) MCRT of 10 days at 55-60°C 

Heat Drying (1) Direct or Indirect Gas Drying to ≤ 10% moisture content and solids 
temperature of 80°C 

Heat Treatment (1) MCRT of 30 minutes at 180°C 
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Process Requirements 

Composting (1) 
3 days at 55°C for in-vessel or static pile 
15 days at 55°C for windrow 

Pasteurization (1) 30 minutes at 70°C 

Alkaline Stabilization (2) pH 12 and maintained for 72 hours with biosolids ≥ 52°C for 12 hours, 
followed by air drying to 50% TS 

Time/temperature (3) 

Process meets detention time at temperature requirements by solids 
concentrations given in 503 regulations or has been given equivalency by 
U.S. EPA (temperature phased anaerobic digestion (TPAD) and batch 
thermophilic digestion for example) 

(1) PSRP process (complies with Part 503 Alternative 5) 
(2) Meets high pH-temperature requirement (complies with Part 503 Alternative 2) 
(3) Meets Time-temperature requirement (complies with Part 503 Alternative 1) 

5.5 Available Markets 

5.5.1 Agricultural Land Application 
Currently, Pima County is disposing of all biosolids from the Ina Road WRF and Roger Road WRF 
facilities through a land application contract for a liquid product at approximately 8 percent solids.  As 
previously noted, concerns over having a single disposal option, future increased hauling distances, and 
potential pressure to provide Class A biosolids for land application have arisen.  However, this current 
disposal method has been cost effective for Pima County and should be considered for future disposal.  In 
a telephone interview with the current land application contractor, the potential need to produce Class A 
biosolids for land application and future loss of land sites for application were discussed.  The Avragro 
Incorporated representative indicates that he sees no pressure to utilize Class A biosolids for land 
application.  Also, the current contractor is capable of handling up to 10 percent solids with current 
application equipment.  Thus, the Avragro representative’s opinion is that land application, based on 
current haul distances of 25 miles and utilizing Class B biosolids, is viable for 20 to 25 years into the 
future even with increasing solids production from Pima County.  Other land application contractors have 
bid on the Pima County contract in the past, thus competition does exist in the land application market.  
These other land application contractors may prefer a dewatered product.  Thus, when considering land 
application with respect to processing alternatives, it is appropriate to have the capability to produce 
either a liquid or dewatered product. 

5.5.2 Landfilling 
Disposing of biosolids in a municipal solids waste landfill is not considered a beneficial use, but does 
represent a viable disposal option.  A recent survey of biosolids management in Arizona indicated that a 
large number of municipalities rely on landfilling for biosolids disposal.  Just as concerns have arisen 
about land applying Class B biosolids, there are some places where groups are concerned about land 
applying biosolids in general.  Landfilling remains a viable and cost effective approach, especially as a 
backup or contingency plan.  This disposal method can often be utilized without stabilization of solids as 
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long as the biosolids meet the EPA paint filter test (dewatered to 12-15 percent solids) and Toxicity 
Characteristics Leachate Procedure (TCLP).  The paint filter test requires no free water and the TCLP test 
sets limits on the heavy metal content of water leached through a sample of the dewatered sludge.  It is 
often advantageous to dewater biosolids to a greater degree (such as 25 percent) for landfilling to 
minimize disposal cost and to make the material easier to transport and place in the landfill.  A past trial 
of disposing of biosolids at a Pima County landfill indicated that the solids were too wet and caused 
equipment problems at the landfill. 
 
Landfill space is available in Arizona.  Nearby landfills include: the Tangerine Road Landfill operated by 
Pima County, the Sahuarita Landfill operated by Pima County, and the Los Reales Landfill operated by 
the City of Tucson.  The Tangerine Road landfill is expected to reach capacity in 2009.  The Sahuarita 
Landfill is expected to have capacity for approximately 15 more years.  The Los Reales Landfill is 
expected to have capacity for 60 years.  Tipping fees at the Pima County landfills are approximately $100 
per ton for non-standard waste.  Tipping fees at the City of Tucson landfill is approximately $75 per ton 
for special handling rate.  Given the tipping fees, minimizing the amount of water in the biosolids is 
advantageous.  Thus, dewatering to approximately 25 percent solids would be recommended for this 
disposal option. 
 
With the tipping fees and required hauling for landfilling it is likely that this disposal method will be 
more expensive than the current land disposal option.  However, landfilling could provide a backup to 
other disposal options and reduce reliance on a single outlet. 

5.5.3 Mine Tailings Reclamation 
This disposal option has promise for Pima County.  The current University of Arizona project utilizing 
Green Valley WRF biosolids has been successful.  The dried biosolids from Green Valley WRF are taken 
to the ASARCO mine.  The Dodge Phelps mine has also been identified as a possible reclamation site.  
Other mines within a 100 mile radius of Pima County exist and could be potential sites.  This market 
requires a dewatered or dried product.  Given the significant increase in biosolids for disposal if Ina Road 
WRF and Roger Road WRF sludge was added to the program, other disposal sites would have to be 
identified and utilized.  Additionally, this market is dependent on mining conditions.  Reclamation is 
performed when a site, or a portion of a site, is no longer being mined.  There is a federal requirement that 
mines be reclaimed after they are closed.  However, the amount of biosolids that can be dedicated to this 
market could be variable from year to year, depending upon mining operations. 
 
This disposal option could be viable for Pima County in the future.  It may be most applicable to the Non-
Metro facilities as regionalization of these plants is considered.  To further explore the potential of this 
option, a separate market study would be appropriate and expansion of the current project may be 
advisable to determine stability and actual costs for this alternative. 

5.5.4 Dedicated Land Disposal 
An alternative that may have future merit for Pima County is the development of a dedicated land 
disposal site.  This alternative consists of acquiring a dedicated parcel of land to apply biosolids that is not 
accessible to the public.  Biosolids would be applied to the site and incorporated into the soil.  This 



Pima County Regional Wastewater Reclamation Department 
Tucson, Arizona 

Pima County Regional Optimization Master Plan 

Regional Optimization Master Plan 
Final Report 

Chapter 5 – Biosolids 
 
 

5-15 
J:\Projects\Pima Co WM\05302-ROMP\06 Gen Studies-Rpts\6.1 Report\Final Report\Complete Report_07Nov26_Rev2.doc 

 

disposal option would not require solids stabilization, if the biosolids are covered on a daily basis.  
Otherwise, they would need to meet the Class B requirements.  Vector attraction controls would be 
required either in the form of stabilization or by applying management practices such as daily 
incorporation into the soil.  The primary requirements for dedicated land disposal is that the biosolids 
must meet the heavy metal limit, groundwater monitoring wells need to be installed and maintained, and 
surface runoff needs to be contained and monitored.  There are restrictions on public access to the land 
and how the land can be used in the future.  There are also reporting requirements that are prescribed in 
the Part 503 regulations.  Dewatered solids could be trucked to the site or a solids pipeline could deliver 
solids to the site.  If the solids are pumped to the site, an onsite dewatering facility may be beneficial.  The 
alternative should be considered with a significant buffer zone around the site, such as a 1,000 foot 
setback to application areas.  Other siting requirements are described in the Part 503 regulations. 
 
This disposal method is being utilized effectively by the Dallas Water Utilities in Dallas, Texas.  Based 
on experience in Dallas, an active area loading rate of approximately 0.1 dry ton per day per acre has been 
manageable.  Table 5-18 summarizes conceptual sizing information for this option. 

 

Table 5-18 
Dedicated Land Disposal Conceptual Sizing 

Parameter 
For Ina Road and  
Roger Road WRF 

Biosolids 

For all County 
Biosolids 

Application Rate, dry tons/day/acre active 0.1 0.1 
Future Biosolids Production, dry tons/day 75 103 
Required Active Site Area, acres 750 1,170 
Active Site Parameter Sides (as square), feet 5,700 7,140 
With 1,000 foot setback, parameter sides, feet 7,700 9,140 
Total Required Area with Setback, acres 1,360 1,920 

5.5.5 Other Land Application 
Alternative land application options include use of biosolids on golf courses and other landscaping 
projects such as roadway improvements.  Landscaping contractors could use biosolids for a variety of 
projects.  These markets would require production of Class A biosolids.  Additionally, dewatered or dried 
product would be required.  The viability of these markets would require a detailed market analysis.  A 
major issue to consider is stability of the market continually and long term given the high amount of 
solids to be disposed of.  These markets may be more appropriate for some of the Non-Metro facilities 
with smaller and less frequent disposal needs. 
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5.5.6 Sale as Fertilizer 
A few municipal agencies produce bagged fertilizer from biosolids.  This market would require a dry, 
Class A product.  Amendments to the biosolids to increase its value as fertilizer would likely be required.  
While this market has the highest public relations benefit potential, it requires significant capital and 
operations investment.  Thus, such a market would require focused market research prior to investment. 

5.5.7 Other Emerging Markets 
Agencies around the U.S. continue to look for alternative markets for biosolids.  One such market is waste 
to energy.  Many of the energy markets utilize heat drying as a first step, and then further process the 
biosolids to produce a gas, liquid or solid fuel.  It is expected that alternative markets will continue to 
grow over time.  A way to handle such emerging markets, without the often high risk, is to utilize a 
design-build-operate contract for these disposal options.  While analyzing emerging markets is beyond the 
scope of this project, the alternatives developed should allow for such future changes. 

5.6 Process Alternatives for Class A Biosolids Production 
In evaluating process alternatives to produce Class A biosolids, consideration should be given to the type 
of end product generated by the process and whether or not this type of product is marketable.  For 
example, for the current land application arrangements in place at Pima County, the applicator prefers a 
liquid biosolids product with a solids concentration of approximately 8 percent.  Thus, a heat dried 
product of more than 90 percent solids or alkaline stabilized product with total solids of 50 percent would 
not be consistent with this current market. 
 
As noted in this chapter there are a number of PFRPs that by definition will result in Class A biosolids, 
such as heat drying, composting, pasteurization, and alkaline stabilization.  Additionally, anaerobic 
digestion can be used to produce Class A biosolids if it meets the time temperature requirements.  The 
currently accepted forms of Class A anaerobic digestion is a batch thermophilic process or a batch 
thermophilic process followed by a mesophilic process.  As only anaerobic digestion with a batch process 
is given Class A status based on process design criteria, this study has limited the anaerobic digestion 
options to those with batch processing.  Based on input from a U.S. EPA representative, it has been 
verified that continuous feed thermophilic digestion is not considered a Class A process without a batch 
step.  Testing for equivalency may be occurring at some locations currently, but none have been given 
Class A status at this point in time. 
 
The testing equivalency process requires significant data collection and obtaining results takes some time.  
If the biosolids do not meet the testing requirements, they can not be disposed of as Class A product.  
Thus, issues could result with disposal arrangements if the testing does not provide the verifications 
required. 
 
For evaluating Class A biosolids production, the assumption that all biosolids stabilization would occur at 
the Ina Road WRF was made.  As producing Class A biosolids will require significant capital investment 
and generally is more costly to operate than the current Class B production, it is logical that such facilities 
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would likely be most cost effective if centralized for the Ina Road WRF and Roger Road WRF sludge 
streams.  This does not apply to major Non-Metro facilities such as Green Valley WRF and the future 
Southlands facility, both of which generate significant biosolids and do not have close proximity to the 
Ina Road WRF plant. 

5.6.1 Class A Drivers 
Significant drivers exist that require giving consideration to producing Class A biosolids.  Regulations are 
subject to change.  Public reaction to Class B biosolids land application and land application in general is 
increasingly negative is some areas of the U.S.  Political pressure could result in state or national 
legislation that would require agencies to produce Class A biosolids.  Finally, Pima County’s 
commitment to achieving environmental management system (EMS) certification through the National 
Biosolids Partnership could drive production of Class A biosolids. 
 
Participation in the National Biosolids Partnership requires of the County:  utilization of a comprehensive 
EMS, demonstration of commitment to the community, and involving the community in defining 
performance improvements to the County’s biosolids program.  This community involvement could be a 
local trigger to future Class A biosolids processing. 

5.6.2 Screening of Class A Processes 
At Workshop No. 7 that dealt with biosolids, major Class A processes were screened.  Digestion, alkaline 
stabilization, composting, heat drying, and advanced air drying were presented for consideration.  This 
subchapter provides a summary of the major Class A processes considered and the results of that 
screening. 

5.6.2.1 Digestion 
The major digestion processes given screening consideration were:  thermophilic aerobic digestion, 
temperature phased aerobic digestion, thermophilic anaerobic digestion, and temperature phased 
anaerobic digestion. 
 
As both the Ina Road WRF and the Roger Road WRF currently utilize anaerobic digestion, conversion to 
aerobic digestion would require significant capital investment.  Additionally, aerobic digestion does not 
produce methane gas.  Thus, methane could not be beneficially used to heat the digestion process or for 
power production as currently utilized at the Ina Road WRF.  Thus, thermophilic aerobic digestion and 
temperature phased aerobic digestion were not given further consideration. 
 
Thermophilic anaerobic digestion utilizes digesters operating at 55°C.  Thermophilic digestion is similar 
to the current practice of continuously feeding the anaerobic digesters except the digesters are operated at 
a higher temperature.  Thermophilic anaerobic digestion is considered to achieve higher volatile solids 
destruction rates than mesophilic digestion thus reducing required volume.  Also, some reports indicate 
improved dewaterability of solids and greater reductions in pathogen levels from thermophilic digestion 
over mesophilic digestion.  Thermophilic digesters are more difficult and costly to operate than 
mesophilic digesters. Currently, thermophilic anaerobic digestion is classified as a Class B PSRP process 
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along with mesophilic digestion by the 503 regulations.  In order to demonstrate compliance with Class A 
requirements, it would be necessary to continuously monitor pathogens or obtain approval as an 
equivalent PFRP process.  Thus, continuous feed thermophilic digestion was prescreened from the 
digestion processes. 
 
Temperature phased anaerobic digestion (TPAD) utilizes a batch thermophilic stage followed by a 
mesophilic stage.  In this process solids are retained in a batch reactor for a sufficient period of time to 
demonstrate compliance with the EPA time-temperature criteria (Alternative Method 1).  The process is 
therefore considered to produce a Class A equivalent sludge by USEPA.  Higher volatile solids 
destructions and methane gas production are realized.  Also, the quality of the methane gas is often better, 
odor generation associated with thermophilic digestion is reduced, and process stability is improved.  
Dewaterability of solids is reported to be better than with mesophilic digestion alone.  Thus, this process 
was carried forward as the digestion process for screening. 
 
The TPAD process is most consistent with the current facilities utilized at the Roger WRF and Ina Road 
WRF as mesophilic digestion is being utilized.  This alternative would thus require addition of a 
thermophilic batch stage to the process.  Typically, TPAD is designed with a 5 day batch detention time 
for the thermophilic stage and a 10 day detention time in the mesophilic stage.  Resulting solids could 
continue to be thickened to 8 percent or dewatered to produce a cake. 

5.6.2.2 Alkaline Stabilization 
A number of alkaline stabilization processes are available.  These include:  N-Viro, Biofix, Leopold, 
Envesssel, Chemfix, and Bioset.  The N-Viro process has the most installations (more than 50) with the 
Bioset process having the least (less than 5).  Any of these processes could be utilized.  They all utilize 
hydration as a source of heat and lime as one of the additives.  Specific processes vary somewhat in 
additives use of other heat sources.  For prescreening, the Bioset process, which is relatively new, was 
utilized. 
 
Bioset requires the addition of lime and acid.  This process uses less alkaline additives then the other 
processes, which may be an advantage because of the alkaline nature or Arizona soils.  Heat is generated 
in hydration as well as in the acid reaction.  This process requires dewatering biosolids to a minimum of 
15 percent solids prior to processing.  Digestion is not required.  The process arrangement is relatively 
portable and compact.  It produces a Class A, granular product.  The product also has some value 
associated with the alkaline content that is beneficial for acidic soils.  This benefit is not realized in the 
Southwest because most of the solids are alkaline in nature. 
 
Major advantages of alkaline stabilization include a relatively small footprint, ability to be fully enclosed, 
moderate system complexity, and the ability to process raw or digested biosolids.  Major disadvantages 
include increase in volume of solids due to lime addition, cost of chemicals, the potential for significant 
odor and dust generation, and potential ammonia recycle from odor scrubbers. 
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5.6.2.3 Composting 
Composting biosolids can be performed as windrow, extended pile, or in-vessel.  Both windrow and 
extended pile operations require significant space and thus are difficult to provide with odor control.  
Thus, composting was prescreened to the in-vessel process.  In-vessel composting requires dewatering the 
biosolids to greater than 15 percent and requires the addition of a bulking agent.  It does not require 
digestion to produce a quality product, although digesting the solids prior to composting significantly 
reduces the potential to produce odors during the composting process.  Significant material handling is 
required in the process.  Major advantages of this process include: high quality product, perception as a 
“green” process, and the ability to handle raw or digested solids.  Major disadvantages include odor 
generation, complex material handling, and fire potential issues.  The process also increases the volume of 
material that needs to be handled because of the added bulking agents. 
 
One composting possibility that may have promise particularly for the Non-Metro facilities is a 
composting project being initiated at the Los Reales Landfill owned by the City of Tucson.  Los Reales is 
performing pilot testing at this time on composting.  One of the needs that they have is a good source of 
nitrogen for the composting process, which could be provided by biosolids.  Composting at Los Reales is 
unlikely to require the significant volumes of biosolids that are generated at Ina Road WRF, but this 
outlet could be explored for biosolids from one of the Non-Metro facilities.  An issue that would need to 
be evaluated is whether the biosolids provided can be essentially free of metal content, as this is one of 
the requirements for this composting operation. 

5.6.2.4 Heat Drying 
Heat drying systems can be broken down into three categories:  direct, indirect, or combination 
direct/indirect.  Direct drying systems bring the sludge into immediate contact with the drying medium.  
Indirect systems utilize an intermediate exchange surface to transfer the drying heat.  Combination 
systems utilize both modes.  The most prominent drying system with the largest number of installations is 
the rotary drum direct dryer.  This type of system is manufactured by a number of companies.  The 
process is enclosed, utilizes recirculation of gas to reduce energy consumption, and can be used to form 
very dry (90 percent solids) pellets.  The process does not require digestion, but does require dewatering 
to approximately 15 percent solids.  However, a higher quality and less odorous product is achieved if the 
biosolids are digested prior to heat drying.  The digestion gas can also be used as a source of energy for 
the dryer.  The product is high quality and marketable and can be used as low grade fuel.  It has a small 
footprint and does not generate any recycle streams.  Disadvantages include high energy consumption, 
complex equipment, and fire and explosion potential. 

5.6.2.5 Accelerated Air Drying 
This relatively new process utilizes a green house type of enclosure for solar drying of solids.  A robotic 
turning machine accelerates the drying process.  The process has low chemical and energy requirements, 
no nutrient recycle to the wastewater process, can process digested or raw solids, and produces 
approximately 75 percent solids.  Disadvantages include a large system footprint, the need to establish 
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Class A equivalency to date, and limited experience to date.  The process may have applicability at some 
of the Non-Metro plants that have been using air drying. 

5.6.2.6 Screening Results 
Screening criteria were utilized to reduce the number of Class A processes for further consideration.  
These criteria included:  operability, proven process, expected present worth cost, marketability, resource 
consumption, ease of maintaining treatment during construction, and recycle impacts.  Processes were 
graded with a +, 0, or -.  The resultant matrix evaluation based on input during Workshop No. 7 is 
presented in Table 5-19. 
 

Table 5-19 
Screening Matrix Evaluation of Class A Processes 

  
Phased 

Anaerobic 
Digestion 

(TPAD) 

Alkaline 
Stabilization Composting Heat 

Drying  
Advanced Air 

Drying  

Operability + 0 – – 0 

Proven Process + + + + – 

Present Worth Cost, 
Capital + O&M  + 0 – – – 

Marketability – – + + – 

Resource Consumption + – – – + 

Ease of Maintaining 
Treatment Capacity 
during Construction 

0 + 0 + 0 

Recycle Impacts 0 0 0 0 0 

Recommended 
Processes 

Ina/Roger 
Road √   Non-Metro 

Sites √  
Ina/Roger 

Road √ 
Non-Metro 

Sites √  
 
Based on the discussion in the workshop, it was determined that for the Ina Road WRF and Roger Road 
WRF biosolids, temperature phased anaerobic digestion and heat drying would be given further 
consideration. Additionally, the Cambi process was added at the workshop for consideration.  For the 
Non-Metro facilities, advanced air drying or composting may be appropriate technologies. 
 
It was also determined in the workshop that all Class A options would include anaerobic digestion.  Thus, 
if heat drying were utilized, it would be added following mesophilic digestion. 
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5.6.2.7 Cambi Process  
The Cambi process was developed in Norway in the early 1990s.  The process utilizes a thickened sludge 
(15 to 20 percent solids), a hydrolization process, digestion, and final dewatering.  The final stabilized 
product is typically dewatered to 35-40 percent solids.  The hydrolization process uses steam and pressure 
to solublize organic compounds in the sludge.  The hydrolysis step includes three tanks: a preheat tank, 
the steam and pressure reactor tank, and a flash tank.  The pressure is released rapidly in a flash tank to 
rupture biomass cells.  Heat is returned from the flash tank to the preheat tank.  The solids are then sent 
on to mesophilic digestion.  The manufacturer reports a 50 percent reduction in the required digestion 
volume, increased gas production, reduced foaming, and high VSS destructions (up to 60 percent).  The 
process could be added on to the existing mesophilic digestion process much like TPAD can be.  
Disadvantages of this process include: no existing U.S. installations, it is currently not listed as a Class A 
process (although a USEPA representative has indicated that with the first stage heat treatment it is likely 
to meet the requirements), safety issues of handling high temperature steam and high pressure vessels, 
need for pre-thickening to 15 percent solids, complex system arrangement, and need to find stable market 
for the product.  There is also some concern that the mixing system in the anaerobic digesters may need to 
be modified to mix a 15 percent solids material.  However, there are some data that suggested that the 
changes in viscosity that result from the thermal conditioning may counteract the affect of the higher 
solids concentration.  In addition, the process generates a high strength recycle stream which can be a 
source of odors.  The final product will also be too dry to be applied with liquid application equipment.  
The process has many similarities with the Zimpro and Porteous processes that have largely been 
abandoned in the US because of odor issues. 
 
Even with the noted issues, the process appears to have some potential to fit in with the existing 
mesophilic process at the Ina Road WRF and could in the future be considered as a Class A process.  
Thus, it appears to be valuable to keep this option open for future Class A biosolids production.  At this 
time, with no existing U.S. experience and no approval by USEPA, implementation of this process for 
Class A in the immediate future could constitute a high risk.  If the Cambi process is given significant 
consideration in the future, pilot testing is recommended as well as verification that sufficient markets 
exist to dispose of the drier product (35-40 percent solids). 

5.7 Class B and Class A Arrangements for the “Existing Plan”, “Transfer All”, and “Transfer 
Some” Options 

For both Class B and Class A plant arrangements, bases of design criteria for the alternatives needed to be 
determined at a master planning level.  Often maximum month solids values are used in conjunction with 
the design criteria instead of annual average values, especially for Class B processing.  This approach will 
be used for this master planning effort for producing Class B biosolids.  Annual average values will be 
used for Class A processing alternatives.  Based on previous analysis of wastewater characteristic 
performed for this master plan, a maximum month loading factor of 1.15 was established. 
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5.7.1 Class B Facility Arrangements 
As the County currently produces a Class B product using mesophilic digestion, changing to an 
alternative Class B process for either the Ina Road WRF or Roger Road WRF facilities would require 
significant capital investment.  Additionally, methane is produced in the anaerobic digestion process that 
is currently used at Ina Road WRF for electricity generation.  If another Class B process, such as aerobic 
digestion was used, this energy source would be lost.  Thus, the only process given consideration for the 
production of Class B biosolids in this master plan is anaerobic digestion.  Typically, the main process 
design parameter used in determining mesophilic digestion volume is the SRT which equals the hydraulic 
retention time (HRT).  For combined primary and secondary solids fed to the digesters, a design HRT is 
typically 15-20 days under average annual loading or a minimum of 15 days at maximum month loading. 

5.7.1.1 Class B Existing Plan 
The existing plan for this master plan provides for a 32 mgd capacity at Roger Road WRF and a 50-mgd 
capacity at Ina Road WRF.  A sub-alternative to the existing plan is the Roger Road water reclamation 
option.  In this option, the means for handling, transferring to Ina Road WRF, and thickening biosolids at 
Roger Road WRF differs.  Thus, the resultant biosolids loads to digestion are significantly different than 
for the original existing plan.  All biosolids stabilization would be at Ina Road WRF for Class B 
production in this alternative and sub-alternative.  The Roger Road WRF digesters have structural and 
solids deposition issues that would require rehabilitation or expansion if they were utilized with a plant 
capacity of 32 mgd.  This coupled with the desire to minimize facilities at Roger Road WRF, make 
digestion at Roger Road WRF unattractive at a 32-mgd capacity.  Table 5-20 summarizes the maximum 
month sludge loading rates and resultant required volumes for mesophilic digestion for the existing plan 
alternatives.  The water reclamation alternative associated with Roger Road WRF is shown for the plant 
having no primary tanks.  In this arrangement, WAS is assumed to be thickened to 3 percent solids prior 
to pumping to Ina Road WRF.  This concentration was chosen to balance head loss issues in the transfer 
line while still allowing for reasonable sizing of facilities.  If a thinner WAS concentration is found to be 
necessary to reduce pumping head losses during further development of this master plan, it is 
recommended that additional thickening of the Roger Road WAS is performed at Ina Road WRF to allow 
the stabilization facilities to remain as currently sized. 
 

Table 5-20 
Summary of Class B Processing Existing Plan Bases of Design 

Parameter Existing Plan Existing Plan WRF 
Plant IR 50 mgd RR 32 mgd IR 50 mgd RR 32 mgd 

Thickening Facilities  
(24 hours / 7 days per week operation) 
 Primary Sludge 
 WAS 

 
 

6 GTs* 
3 GBTs 

 
 

at Ina 
2 GBTs 

 
 

4 GTs 
3 GBTs 

 
 

None 
4 GBTs 
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Parameter Existing Plan Existing Plan WRF 
Total Max. Month Thickened Sludge, 
lb/day 180,100 102,000 180,100 104,100 

Total Max. Month Thickened Sludge 
Flow, mgd 0.48 0.27 0.48 0.42 

Total Solids to Digestion at Plant, 
lb/day 282,100 none 284,200 none 

Total Solids Flow to Digestion at Plant, 
mgd 0.75 none 0.90 none 

Minimum HRT, days 15 15 15 15 
Required Volume, MG 11.3 none 13.5 none 
Existing Digester Volume, each, MG 1.33 1.1 1.33 1.1 
Existing Total Digester Volume, MG 5.3 4.4 5.3 4.4 
Existing Number of Digesters 4 4 4 4 
Total Number of Digesters Required 8.5 (9) none 10.1 (10) none 
Additional Digesters Required 5 None 6 None 
Dewatering Facilities  
 Centrifuges (8/5 operation) 
 Centrifuges (24/7 operation) 

 
6 
4 

 
None 
None 

 
6 
4 

 
None 
None 

Sludge Storage, minimum days 10  10  
Minimum Storage Capacity at 8% 
solids, MG 2.5 None 2.5 None 

GT = gravity thickener 

5.7.1.2 Class B Transfer All 
If all wastewater is transferred from the Roger Road WRF to the Ina Road WRF so that the Roger Road 
WRF site is completely decommissioned, solids processing would all occur at the Ina Road WRF site.  
Table 5-21 summarizes the maximum month sludge loading rates and resultant required volumes for 
mesophilic digestion for the transfer all alternative at Ina Road WRF. 
 

Table 5-21 
Summary of Class B Processing Transfer All Bases of Design 

Parameter Transfer All Ina Road WRF 

Thickening Facilities  
(24 hours / 7 days per week operation) 
 Primary Sludge 
 WAS 

 
 

6 GTs 
4 GBTs 

Total Max. Month Thickened Sludge, lb/day 280,300 
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Parameter Transfer All Ina Road WRF 

Total Max. Month Thickened Sludge Flow, mgd 0.75 

Minimum HRT, days 15 
Required Volume, MG 11.3 
Existing Digester Volume, each, MG 1.33 
Existing Total Digester Volume, MG 5.3 
Existing Number of Digesters 4 
Total Number of Digesters Required 8.5 (9) 
Additional Digesters Required 5 
Dewatering Facilities  
 Centrifuges (8/5 operation) 
 Centrifuges (24/7 operation) 

 
6 
4 

Sludge Storage, minimum days 10 
Minimum Storage Capacity at 8% solids, MG 2.5 

5.7.1.3 Class B Transfer Some 
In the transfer some alternative, 62 mgd would be treated at Ina Road WRF and 20 mgd would be treated 
at Roger Road WRF.  Biosolids processing could be performed all at Ina Road WRF or digestion could 
occur at Roger Road WRF as well during Class B production.  This would be applicable if the existing 
Roger Road WRF digester volume was sufficient to achieve stabilization while allowing at least one 
digester out of service to address current condition issues.  Table 5-22 summarizes the maximum month 
sludge loading rates and resultant required volumes for mesophilic digestion for the transfer some 
alternative.  Both all biosolids stabilization at Ina Road WRF and some stabilization at Roger Road WRF 
are shown in the table. 
 

Table 5-22 
Summary of Class B Processing Transfer Some Bases of Design 

Parameter All Processing at  
Ina Road WRF 

With Digestion at Roger 
Road WRF and Ina Road 

WRF  
Plant IR 62 mgd RR 20 mgd IR 62 mgd RR 20 mgd 
Thickening Facilities  
(24 hours / 7 days per week operation) 
 Primary Sludge 
 WAS 

 
 

6 GTs 
4 GBTs 

 
 

@ Ina 
2 GBTs 

 
 

5 GTs 
4 GBTs 

 
 

2 GTs 
2 GBTs 
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Parameter All Processing at  
Ina Road WRF 

With Digestion at Roger 
Road WRF and Ina Road 

WRF  
Total Max. Month Thickened Sludge, 
lb/day 215,100 66,800 215,100 66,800 

Total Max. Month Thickened Sludge 
Flow, mgd 0.57 0.18 0.57 0.18 

Total Solids to Digestion at Plant, lb/day 281,900 none 215,100 66,800 
Total Solids Flow to Digestion at Plant, 
mgd 0.75 none 0.57 0.18 

Minimum HRT, days 15 15 15 15 
Required Volume, MG 11.3 none 8.6 2.7 
Existing Digester Volume, each, MG 1.33 1.1 1.33 1.1 
Existing Total Digester Volume, MG 5.3 4.4 5.3 4.4 
Existing Number of Digesters 4 4 4 4 
Total Number of Digesters Required 8.5 (9) none 6.4 (7) 2.4 (3) 
Additional Digesters Required 5 None 3 None 
Dewatering Facilities  
 Centrifuges (8/5 operation) 
 Centrifuges (24/7 operation) 

 
6 
4 

 
None 
None 

 
6 
4 

 
None 
None 

Dewatered Sludge Storage, minimum 
days 10  10  

Minimum Storage Capacity at 8% solids, 
MG 2.5 None 2.5 None 

5.7.2 Class A Facility Arrangements 
To achieve a Class A product, two options were given development based on the Biosolids Workshop 
(No. 7) screening and further analysis, TPAD and mesophilic digestion followed by heat drying.  As 
previously noted, the Cambi process may be an option for further consideration if Class A is implemented 
at a later date, but at this time, insufficient experience and the lack of Class A status make this alternative 
too high of a risk for development.   
 
If the Cambi process were to be utilized in the future for the production of Class A biosolids, it would be 
added ahead of the mesophilic digesters.  It would require addition of predewatering, typically performed 
via centrifuge or belt filter press technology, and patented Cambi hydrolysis chambers.  These facilities 
would be provided instead of the thermophilic digestion shown in the alternatives.  The mixing system in 
digesters would need to be evaluated to be sure it could handle the higher solids concentration. 
 
For all Class A biosolids processing alternatives, the original assumption for this master planning effort – 
that all biosolids stabilization occurs at the Ina Road WRF - was employed.  This approach will result in 
minimizing capital expenditure as well as providing consolidated facilities to efficiently operate and 
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maintain.  Additionally, as the Roger Road WRF digesters are of questionable condition, this arrangement 
eliminates the need to investigate and renovate these facilities. 

5.7.2.1 Class A Existing Plan 
The existing plan alternatives for 50/32 mgd, either with Roger Road as a water reclamation facility 
option or with a rehabilitated existing Roger Road facility, would require additional mesophilic digestion 
at Ina Road WRF and either pre-thermophilic digestion or post heat drying.  The Roger Road water 
reclamation alternative will result in a higher total solids mass and flow for processing due to the higher 
solids yield at Roger Road WRF in the secondary process without primary tanks and thickening Roger 
Road WAS to only 3 percent prior to pumping to Ina Road WRF.  This concentration was chosen to 
balance head loss issues in the transfer line while still allowing for reasonable sizing of facilities.  If a 
thinner WAS concentration is found to be necessary to reduce pumping head losses during further 
development of this master plan, it is recommended that additional thickening of the Roger Road WAS is 
performed at Ina Road WRF to allow the stabilization facilities to remain as currently sized.  Table 5-23 
summarizes the annual average sludge loading rates and resultant required volumes for TPAD and heat 
drying for the existing plan alternatives. 
 

Table 5-23 
Summary of Class A Processing Existing Plan Bases of Design 

Parameter TPAD Heat Drying 
Plant Existing Plan RR WRF Existing Plan RR WRF 
Total Solids to Digestion at Ina 
Road WRF, lb/day 245,300 247,100 245,300 247,100 

Total Solids Flow to Digestion at Ina 
Road WRF, mgd 0.66 0.78 0.66 0.78 

Minimum Mesophilic HRT, days 10 10 15 15 
Required Mesophilic Volume, MG 6.6 7.8 9.9 11.7 
Existing Digester Volume, each, MG 1.33 1.33 1.33 1.33 
Existing Total Digester Volume, MG 5.3 5.3 5.3 5.3 
Existing Number of Digesters 4 4 4 4 
Total Number of Mesophilic 
Digesters Required 4.9 (5) 5.8 (6) 7.4 (8) 8.8 (9) 

Additional Mesophilic Digesters 
Required 1 2 4 5 

Minimum Thermophilic HRT, days 5 5 –  –  
Required Thermophilic Volume, MG 3.3 3.9 –  –  
Number of Active Batch 
Thermophilic Digesters Required 
(same size as existing digesters) 

2.5 (3) 2.9 (3) –  –  

Number of Fill/Draw Digesters 
(2*active digesters) 6 6 –  –  
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Parameter TPAD Heat Drying 
Total Number of Thermophilic 
Digesters 9 9 –  –  

Dewatering Facilities  
 Centrifuges (8/5 operation) 
 Centrifuges (24/7 operation) 

 
5 
3 

 
6 
4 

 
5 
3 

 
6 
4 

Dewatered Sludge Storage, 
minimum days 10 10 3 3 

Minimum Storage Capacity at 8% 
solids, MG 2.5 2.5 – – 

Minimum Storage Capacity at 20% 
solids, MG – – 0.25 0.25 

Dewatered Cake to Drying, 
 lbs/day 
 tons/week 

 
– 
– 

 
– 
– 

 
145,000 

510 

 
145,000 

510 
Drying Train Capacity, ton/day – – 20 20 
Heat Drying Operation – – 24 hrs/5 day 24 hrs/5 day 
Drying Trains Required – – 5.1 (6) 5.1 (6) 

5.7.2.2 Class A Transfer All and Transfer Some 
The transfer all and transfer some alternatives would require additional mesophilic digestion at Ina Road 
WRF and either pre-thermophilic digestion or post heat drying.  As the total solids to digestion are 
approximately the same for these alternatives and all digestion was assumed to occur at Ina Road, WRF 
the required biosolids facilities for both alternatives are the same.  Table 5-24 summarizes the annual 
average sludge loading rates and resultant required volumes for TPAD and heat drying for the transfer all 
and transfer some alternatives. 
 

Table 5-24 
Summary of Class A Processing Transfer All/Some Bases of Design 

Parameter TPAD Heat Drying 
Total Solids to Digestion at Ina Road WRF, lbs/day 245,100 245,100 
Total Solids Flow to Digestion at Ina Road WRF, mgd 0.66 0.66 
Minimum Mesophilic HRT, days 10 15 
Required Mesophilic Volume, MG 6.6 9.9 
Existing Digester Volume, each, MG 1.33 1.33 
Existing Total Digester Volume, MG 5.3 5.3 
Existing Number of Digesters 4 4 
Total Number of Mesophilic Digesters Required 
(Rounded Up) 4.9 (5) 7.4 (8) 

Additional Mesophilic Digesters Required 1 4 
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Parameter TPAD Heat Drying 
Minimum Thermophilic HRT, days 5 –  
Required Thermophilic Volume, MG 3.3 –  
Number of Active Batch Thermophilic Digesters 
Required (same size as existing digesters) 2.5 (3) –  

Number of Fill/Draw Digesters (2*active digesters) 6 –  
Total Number of Thermophilic Digesters 9 –  
Dewatering Facilities 
 Centrifuges (8/5 operation) 
 Centrifuges (24/7 operation) 

 
5 
3 

 
5 
3 

Dewatered Sludge Storage, minimum days 10 3 
Minimum Storage Capacity at 8% solids, MG 2.5 – 
Minimum Storage Capacity at 20% solids, MG – 0.25 
Dewatered Cake to Drying, 
 lbs/day 
 tons/week 

 
– 
– 

 
145,000 

510 
Drying Train Capacity, ton/day – 20 
Heat Drying Operation – 24 hrs/5 day 
Drying Trains Required – 5.1 (6) 

5.8 PCRWRD Energy Evaluation - Findings 

5.8.1 Summary 
The master plan recommends moving all biosolids handling and biogas production to Ina Road WRF by 
the year 2014.  Further, it is recommended that mesophilic anaerobic digestion continue to be utilized 
with Class B or Class A stabilization.  Thus, biogas will be produced at the Ina Road WRF throughout the 
planning period.  This chapter of the master plan report presents preliminary findings and 
recommendations on how to best utilize the nearly 500 million cubic feet per year of biogas that will be 
produced in biosolids stabilization. 
 
Options for evaluation of power supply facilities, listed in order of their current recommendation ranking, 
are: 
 
A. Continue the practice of biogas utilization for engine driven equipment and power generation onsite 

(also referred to as Combined Heat & Power (CHP) in this chapter).  Two alternatives are developed 
for this option:  CHP1 matches system capacity to burn only the biogas that will be produced and 
CHP2 further increases system capacity to meet the total electric demand of the Ina Road facilities by 
burning supplemental natural gas to generate the additional electricity.  The system could be operated 
by PCRWRD or an outside contractor. 

B. Sell all biogas to a third party for commercial use (Third Party Use – TPU).  Two alternatives are 
presented for this option:  TPU1 contracts with an energy developer to transport the biogas offsite for 
energy recovery and under TPU2 the energy developer operates energy recovery systems onsite. 
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C. Purchase power from a local utility and use biogas for heating and cooling functions (Heating and 
Cooling Use – HCU).  HCU1 decommissions the engines and replaces the lost thermal output 
capacity with boilers. 

5.8.2 Ranking 
The ranking of the options in order of economic potential is: 
 
1. Combined Heat and Power (CHP1 and CHP2) 
Â Internal combustion engine generators are the superior technology for both the CHP1 and CHP2 

alternatives because they are a proven, familiar technology with maximum electrical output when 
compared to other system technologies like microturbines, fuel cells and Stirling engines. 
Â  

Â High energy recovery system energy savings occur when they are limited to consuming only 
digester gas (CHP1), and the peak savings occur when the all the electricity and heat produced are 
put to beneficial use.  Ina Road WRF, in the year 2014, will be close to this ideal match.  The Ina 
Road WRF will consume all the biogas produced electricity and well over eighty percent of the 
engine thermal output at that point. 
Â  

Â CHP2 is inferior to CHP1 economically because the cost of natural gas used to generate power 
above that which can be produced from biogas is roughly equal to the equivalent cost of utility 
electricity.  There is also no projected use for the additional ‘free’ heat produced by the generator 
equipment during natural gas utilization to produce power. 
Â  

2. Third Party Use (TPU1 and TPU2) 
Â Pressure on utilities to generate greater portions of their power using renewable energy (e.g., the 

Arizona Corporation Commission’s (ACC’s) Environmental Portfolio Standard) will continue 
between now and 2014.  This should increase the value of the renewable biogas.  However,  as of 
yet, sufficient credits are not available to provide the energy developer significant economic 
benefit. 

 
Â TPU2 presumes an agreement could be reached with an energy developer to run the existing 

(on-site, upgraded) energy recovery facility.  This alternative is cumbersome from a labor relations 
perspective as it is essentially CHP1 with the substitution of contract labor. 

 
Â The off-site alternative (TPU1) requires energy recovery system modifications to replace the 

engine heat used to drive cooling, space heating and digester heating systems and loses the 
electrical reliability provided by the on-site engine-generators.  PCRWRD would still have to 
incur the operating costs for the on-site heating and central cooling systems.  Also, the energy 
developer will incur a considerable capital cost.  

 
Â The economic viability of TPU2 is highly dependent upon whether an energy developer can 

significantly reduce maintenance and operating costs below those incurred by PCRWRD, without 
sacrificing reliability.  The economic viability of TPU1 depends more upon what future incentives, 
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especially for investment, will be available to the energy developer.  Additionally, the developer 
will need to find an end use for the biogas elsewhere that is superior to the already good ‘match’ at 
the Ina Road WRF. 

 
3. Heating and Cooling Use – HCU1 
Â This option would use boilers, which have nearly twice the heat output of engines per unit of 

biogas, to replace the thermal output of the engines.  
 
Â This alternative has a far greater thermal output than is needed at the plant and would result in the 

loss of more than half of the beneficial biogas use. 
 
Â The plant will have a far greater need for electricity than for heating and cooling.  

 
Â A potential hybrid TPU-HCU option that would consume biogas for thermal loads on-site and sell 

the remainder to an energy developer may have merit. 

5.8.3 Economic Comparison Summary of Options 
The project cost ranges, savings and 20-year net present worth ranges of the options are shown in Table 
5-25. 
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Table 5-25 
Alternatives Economic Comparison 

($ x 1,000) CHP1 CHP2 TPU1  
(off-site) 

TPU2  
(on-site) HCU1 

Project Cost (5,500) to 
(12,000) 

(25000) to 
(30,000)

(2,000) to 
(3,000)

(5,500) to 
(12,000) 

(1,500) to 
(2,000)

Energy Savings/Yr 3,271 3,271 834* 3,271* 1,071
Energy Costs/Yr (1,971) (2,100) (5,147) (1,971) (4,170)
Operating Costs/Yr (1,475) (1,977) (400) (1,844)* (500)

Present Worth** 684 to (8,200) (21,200) to 
(24,700)

(71,030) to 
(71,750)

(3,516) to 
(8,180) 

(57,840) to 
(58,200)

* TPU1 Contract savings assumed to be same as CHP1, operating costs are those for CHP1 plus 25%. 
** TPU2 Contract assumed to be 50% of the maximum utility replacement value of CHP electric and 

thermal energy of the gas less operating costs. 
** 20 year net present worth: 8% discount rate, 6% energy escalation rate, 3% general and maintenance 

escalation rates, construction midpoint in 2013 and energy savings/costs commence in 2014. 

5.8.4 Conclusions and Recommendations 
CHP1 has the highest net present worth to PCRWRD.  Its advantages include: 
Â The existing engine-generator capacity is a good match for the projected biogas production.  The 

engines’ thermal output is also a good match for the projected process and space thermal usages.  
This coincidence is one that produces maximum energy recovery and energy savings. 

Â Maintaining the existing engine capacities has air permitting advantages. 
Â Much of the energy recovery infrastructure is in place and serviceable.  Even if field condition 

assessments recommend that the engine, generator and generator control equipment should be 
replaced, the costs are less than replicating the serviceable equipment already in place. 

Â The projected increase in plant electrical demand warrants that the utility service connections to 
Ina Road WRF be rationalized and that more redundant plant electrical distribution be included in 
the upgrade.  Automatic generator synchronization is recommended as part of this work. 

 
The economics of the energy developer alternatives, TPU1 and TPU2, are based upon reasonable 
assumptions but without any preliminary negotiation to assess a market value for the biogas. 

5.8.5 Combined Heat & Power (CHP) Alternatives 

5.8.5.1 Alternatives Listing 
CHP alternatives selected for preliminary evaluation and the criteria used to compare them are shown in 
Table 5-26. 
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Table 5-26 
Comparison of CHP Selection Criteria 

Combined Heat & Power System 

Comparison Criteria IC Engine Microturbine Turbine Fuel Cell Stirling 
Eng 

Technology Status Proven Proven in 
Landfill Gas 

Effective in 
large apps. Emerging Emerging

Mechanical Efficiency  
(% of input) 35% 26% 20-30% >40% 25-30% 

Heat Recovery 
Potential (% of input) 

25% 
45 or higher with 

exhaust heat recovery
40% 45% and 

higher ~30% 30% 

Heating Temperature  
(hot water) 

200-220 deg, steam 
with exhaust heat rec. 180-200 

high temp 
hw, steam or 

both 

160-200, 
emerging 

types higher 
180-220 

Emission Challenges NOx, CO, VOCs none potential NOx none minor 

Gas Pressure <5 pounds per square 
inch (psig) ~50 psig ~200 psig 3-10 psig <1 psig 

Sulfur Dioxide Limits <1000 parts per million 
(ppm) 75-100 ppm varies greatly <100 ppm 1000+ 

Siloxane Limits ~4000 parts per billion 
by volume (ppbv) 5-10 ppbv ~80 ppbv 50-100 ppbv high 

tolerance
Capital Cost, $/kW 1000- 1600 1800-3000 900-2100 >4000 >2000 

Hours Between 
Overhauls 20000- 40000 5000- 40000 30000- 

40000 10000- 40000 10000- 
20000 

Gas Conditioning 
Cost moderate very high high very high moderate

Overall Maintenance 
Cost, ¢/kWh 

1.5, up to 4.0 with 
emissions control 1.5- 3.5 

1.0- 2.0, 
higher with 
emissions 

1.0- 1.5 2.0- 4.0 

Startup Time 10-15 seconds 60 seconds 5-10 minutes 3 hours-  
2 days ~5 minutes

Load Following excellent fair fair fair fair 
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Combined Heat & Power System 

Comparison Criteria IC Engine Microturbine Turbine Fuel Cell Stirling 
Eng 

Motor Starting 
Capability excellent 

poor 
(synchronous 

utility translation 
system:  good) 

good poor fair 

5.8.5.2 Alternatives Comparison Summary 
Almost all the comparison criteria favor IC engine-generators at Ina Road WRF.  Especially important 
criteria are the high mechanical efficiency, best gas impurity tolerance, personnel familiarity and lower 
capital cost. 
 
Air emissions limits are a potential drawback to the use of IC engines.  Engine replacement can include 
low NOX machines and limiting sizing of the energy recovery systems, specifically engines, to digester 
gas production only the potential to stay within existing air permit criteria. 
 
Good biogas conditioning is especially crucial to the effective operation of all these combined heat and 
power systems and especially so for the microturbines and fuel cells.  They have an order of magnitude 
more stringent (and expensive) requirements.  IC engines are tolerant of occasional lapses in gas treated 
gas quality.  Of the systems listed, IC engines have the lowest biogas treatment energy costs. 
 
Gas conditioning, especially for siloxanes, is still an emerging technology.  The Ina Road WRF project 
has the advantage of enough lead time to better prove and establish good H2S and siloxane treatment 
processes and systems. 

5.8.6 Existing Ina Road WRF Energy Recovery Systems Overview 
The heart of the systems are seven 650 kW engine generators that can operate on propane, biogas or 
natural gas.  Heat is recovered from engine jacket water and exhaust.  Jacket water leaving the engines is 
piped to ebullient (exhaust heat recovery) boilers that generate low-pressure steam.  A boiler having three 
fuel input capability supplements engine steam generation. 
 
Steam feeds four heat exchangers that generate domestic hot water, heating water and sludge heating 
water.  The fourth heat exchanger transfers excess heat not used for heating to plant effluent water. 
 
Steam also fires an absorption chiller that serves a majority of the cooling loads at the plant through a 
chilled water distribution system.  Most of the plant heating loads are served by the energy recovery 
system through a hot water distribution system.  Table 5-27 lists the electric and thermal output and input 
capacities of major energy recovery equipment. 
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Table 5-27 
Major Energy Recover Equipment Capacities 

MBH (1000 BTUs/hour) 
Equipment 

Input Output 
Electric 

Output (kW) 

Engine Generators 49000 17864 4550 
Heat Rec Silencers  3200  
Steam Boiler  5300  
Domestic Hot Water Tank (HW) and Heat Exhaust (HEX)  2000  
HW HEX  8400  
Sludge HEXs  6500  
Heat Rej HEX  18000  
Adsorption Chiller 12000 600 (tons)  

 
Preliminary projections of the 2014 digester heating, space heating and space cooling loads reveal that 
these thermal systems have roughly the same demands as the system capacities listed above.  Matching 
engine heat output with thermal loads greatly improves energy savings and return on investment. 

5.9 Biosolids Processing Recommendations 
Biosolids processing at wastewater treatment facilities is an integral and often costly part of the treatment 
plant operations.  Incorporating sufficient facilities to remove solids from the wastewater stream, 
adequately stabilize these solids, and reliably dispose of the resultant product continues to be a challenge.  
The possibility that Class B biosolids could not be viable for traditional land application or other 
beneficial uses in the future requires attention and planning.  The overall goal of these evaluations is to 
provide a road map for biosolids processing and handling that will allow the County to cost effectively 
process and dispose of biosolids now and through the 25-year planning period that can adapt to changes 
in the disposal markets.  To that end, this chapter summarizes recommendations for consideration by the 
County in planning future biosolids processing at the wastewater treatment facilities. 

5.9.1 Available Markets and Disposal Options 
The County is currently utilizing land application through a local contractor to dispose of biosolids at 
approximately 8 percent solids to agricultural lands within an approximate 25 mile haul distance.  This 
option appears to be viable through the planning period for Class B biosolids based on discussions with 
the existing contractor (see Chapter 2.5 for details).  There is concern that most of the proximate 
agricultural lands are controlled by a single contractor, although other contractors have bid for disposal in 
the past.  Alternative disposal options that could be promising even for Class B biosolids include:  
landfilling as a backup disposal method and investigation of dedicated land application. 
 
Another market that shows promise in the area is mine reclamation.  A number of mines are located in 
Arizona.  The current University of Arizona project utilizing Green Valley WRF biosolids has been 
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successful.  This market should be given further investigation.  A dry, Class A product would be required.  
This disposal option may be most applicable to the Non-Metro facilities as regional biosolids disposal 
from these facilities is considered. 
 
In an effort to provide PCRWRD with the optimal biosolids processing strategy, an extensive market 
study should be performed. The market assessment should address elements of a long-term biosolids 
management plan and include, at a minimum, the following items. 
 
Â Analysis of current biosolids program to establish baseline conditions 
Â Projected quantity and quality of biosolids and the effects of liquid treatment process changes 
Â Determine demand for a Class A and/or Class B product 
Â Identify multiple biosolids disposal options/outlets 
Â Determine appropriate liquid and/or dry forms 
Â Determine regulatory and social issues  

− Regulatory pressures 
− Public concerns 
− Increased urbanization 
− National trends 

Â Identify and screen process technologies 
Â Screen process technologies using economic and non-economic criteria 
Â Develop preliminary alternatives 
Â Evaluate shortlisted alternatives 
Â Examine possible design, build, operate options 
Â Determine if Ina Road WRF biosolids processing facility, a separate regional processing facility, 

or a combination of both are needed 
Â Conclude location of a regional solids processing facility if one is deemed necessary 
Â Recommend long-term plan 
Â Cost summary 
Â Implementation plan 

 
A market assessment of this scale requires approximately 12 – 15 months to complete. 

5.9.2 Recommended Level of Biosolids Stabilization 
The County currently produces Class B biosolids at the Ina Road WRF and Roger Road WRF.  This 
product is and is expected to remain consistent with land application into the future.  The cost of 
producing Class A biosolids is considerably higher in capital investment as well as operation and 
maintenance costs regardless of the Class A process utilized.  For example, TPAD will require significant 
additional digesters, heating equipment, and heat exchangers to meet the Class A requirements. 
 
The need for Class A biosolids in the current regulatory and public environment is not clear.  It is 
appropriate to have a plan in place such that future Class A facilities could be added on to the treatment 
trains.  However, it does not appear to be in the County’s best interest to make the considerable capital 
investment to produce Class A biosolids at this point in time when a direct need has not been identified.  
Additionally, in some areas of the country, land application of any biosolids has been seen as 
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unacceptable, regardless of whether it is a Class A product.  If that future situation were to be 
encountered, the type of Class A product desired could be very different than envisioned at this time, 
which could require different processing. 
 
Thus, it is recommended that the County continue to produce Class B biosolids using consolidated 
mesophilic digestion facilities at Ina Road WRF.  This stabilization process will provide digester gas for 
use at the plant.  Additionally, TPAD, heat drying, or possibly the Cambi process could be added in the 
future to produce Class A biosolids if necessary.  An arrangement has been determined for the required 
Class A TPAD facilities on the Ina Road WRF site based on the conceptual sizing performed in this 
chapter.  Finally, the centrifuges should be designed to operate in either a thickening or dewatering mode 
that will permit the use of landfilling as a backup or contingency plan for biosolids handling. 
 
An alternative arrangement for consideration is to provide one thermophilic digester or arrange one of the 
mesophilic digesters to operate in thermophilic mode.  This digester could be used to produce equivalent 
Class A biosolids.  The County could then evaluate whether these solids could be disposed of at a lower 
cost than Class B biosolids and plant personnel could become familiar with its operation. 

5.9.3 Recommended Biosolids Processing Improvements 
In order to provide reliable biosolids processing and disposal through the planning period, the following 
biosolids processing improvements are recommended.  The improvement recommendations are based on 
the Existing Plan WRF subalternative (50-mgd Ina Road WRF and 32-mgd Roger Road WRF without 
primary tanks). 
 
Roger Road WRF 
Â Decommission existing gravity thickeners and dissolved air flotation thickeners 
Â Provide waste activated sludge gravity belt thickening facilities with 4 gravity belt thickeners to 

produce a minimum of 3 percent solids 
Â Decommission existing digesters 
Â Improve transfer pump station facilities to transfer 3 percent waste activated sludge to Ina Road 

WRF through the existing transfer force main 
Â Consider providing redundancy to the single sludge force main through construction of a parallel 

force main 
 
Ina Road WRF 
Â Expand existing gravity thickening facilities for primary sludge at the same size as existing for a 

total of 4 gravity thickeners to produce 5 percent solids.  (If no thickening is provided at Roger 
Road WRF, 6 gravity thickeners would be required.) 

Â Provide waste activated sludge gravity belt thickening facilities with 3 gravity belt thickeners to 
produce a minimum of 5 percent solids.  (If no thickening is provided at Roger Road WRF, 6 
gravity belt thickeners would be required.) 

Â Expand existing mesophilic digestion capacity with 6 additional digesters at the same size as 
existing 
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Â Expand centrifuge facility to have 6 units (for 5 days per week operation) or 4 units (for 7 days per 
week operation) that can be operated to produce either thickened or dewatered solids 

Â Replace and expand centrate and cake pumping systems at the centrifuge facility 
Â Make provisions for struvite control in design of facilities with glass lined piping and possible 

chemical feed systems 
Â If 5 days per week operation is desired for dewatering, provide digested sludge storage upstream 

of centrifuges 
Â Provide thickened/dewatered solids storage with storage capacity to hold 10 days of solids 

production 
Â Replace existing solids transfer station 
Â Additional digesters may be required if the biosolids market study determines Southlands WRF 

biosolids be treated at Ina Road WRF’s biosolids processing facility.  The market study should 
determine the extent (number of digesters, dewatering process, etc.) processing improvement 
requirements are to be made 

5.9.4 Recommended Biogas Utilization 
It is recommended that the biogas be utilized for onsite power and thermal generation.  The 
recommendation includes improving the gas cleaning process and the provision for new engine generator 
sets. 

5.10 Recommended Biosolids Management Plan 
The County is currently utilizing land application through a local contractor to dispose of biosolids.  This 
approach is viable through the planning period for Class B biosolids, however, there is concern that most 
of the agricultural lands in close proximity of the plants are controlled by a single contractor, although 
other contractors have bid for biosolids disposal services in the past.  Alternative disposal options for 
Class B biosolids include:  landfilling, as a backup disposal method, and a dedicated land application.   
 
Another market that shows promise is a dry Class A product for mine reclamation.  A current University 
of Arizona project utilizing Green Valley WRF biosolids for reclamation on Asarco Mission Mine has 
been successful.  This market should be given further investigation as there are a number of mines located 
in Arizona, many in the southern region of the County.  This disposal option may be most applicable to 
the Non-Metro facilities. 
 
An extensive market study is required to provide PCRWRD with the optimal biosolids processing 
strategy. The market assessment needs to address elements of a long-term biosolids management plan, 
most notably to determine the demand for a Class A, or Class B product or both; identify multiple 
biosolids disposal options and outlets; and determine if processing on a Metro or Non-Metro scale is 
required.
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Chapter 6 -  Conveyance System Evaluation 

6.1 Introduction 
The conveyance system evaluation is a follow-up to the conveyance system analysis provided in the 
2006 Facilities Plan.  The purpose of this evaluation is to take a more comprehensive view of the 
recommendations laid out in the previous report and confirm, or add to the body of information related 
to, the capacity of the system to carry current and projected flows throughout the Roger Road WRF 
(includes Randolph Park WRF) and Ina Road WRF service areas. 
 
Unless expanded, the Roger Road treatment plant will have insufficient capacity to accommodate the 
future flows generated by population growth.  Therefore, a major component of this study is a more 
detailed analysis of an interconnecting pipeline to transfer flows from Roger Road WRF to Ina Road 
WRF.  Four routing alternatives were given consideration and a recommended route identified. 
 
To determine effective capacity to meet CMOM requirements, a need to quantify wet weather flows had 
to be developed.  Current sewer design calls for leaving 15 percent of each pipe’s capacity available for 
wet weather flows.  An analysis of 12 months of flow monitoring data plus some additional wet weather 
flow data was performed to develop a wet weather factor based on observed wet weather flows.  The wet 
weather flow analysis described herein is not without its limitations.  A forthcoming hydrologic modeling 
project commissioned by Pima County Regional Wastewater Reclamation Department (PCRWRD) 
should improve upon the wet weather flow estimates provided in this evaluation of the conveyance 
system. 
 
A hydraulic sewer model was developed in a modeling program called MOUSE for routing existing and 
proposed flows through the conveyance system.  This model is based on a complete inventory of sewers 
15 inches and larger and was the primary tool in which pipe capacities were analyzed.  From the analysis 
of the conveyance system, other than the plant interconnect pipeline, relatively few trunk and interceptor 
sewer replacement projects are required to accommodate dry and wet weather flows through the year 
2030. 

6.2 Existing Conveyance System 

6.2.1 Previous Studies – 2006 Metropolitan Area Facility Plan Update 
The 2006 Facility Plan outlined the conveyance needs for the Roger Road WRF and Ina Road WRF 
service areas over a 25-year plan planning period.  The goals of the facility plan were to evaluate how 
growth, regulatory requirements, and system rehabilitation needs affect the system, and to develop a CIP 
to effectively plan for these needs.  Relying on population estimates developed by the Pima Association 
of Governments (PAG), this report estimated that the 2030 flow that must be handled by the system will 
equal 85-mgd ADWF based on a rate of 85 gpcd.  The 85 gpcd was derived from a joint agreement 
between Tucson Water and PCRWRD on per capita flows used for planning.  These same population data 
and per capita flow rates were used in this report. 
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In summary, the 2006 Facility Plan report listed the following recommendations with regard to the 
conveyance system: 
 
Â Continue closed circuit television (CCTV) and condition assessment for over 3,100 miles of sewer 

lines 
Â Implement approved comprehensive CMOM and asset management programs 
Â Rehabilitate 1,500+ manholes.  (More recent manhole inspections will likely increase the number 

of manholes requiring rehabilitation to approximately 3,000.) 
Â Rehabilitate portions of the system with condition assessment grades of 4 “poor”, or 5 “immediate 

attention required” 
Â Construct a plant interconnect from the Roger Road WRF to the Ina Road WRF to transfer flow  

between these facilities 
Â Perform engineering studies on interceptors identified as having potential capacity issues 

 
The last two recommendations are evaluated further in this report. 

6.2.2 Existing Capacity / Condition Issues 
As part of the 2006 Facility Plan, 230 miles of the interceptor system were televised in 2005.  All Class 4 
pipe in the interceptor system was inspected in 2006.  This analysis identified several reaches of 
interceptor sewer in poor condition and recommends rehabilitation as soon as possible.  Approximately 
3,000 miles of sewer remain to be inspected and evaluated.  The initial manhole condition assessment 
evaluation has identified 1,500 and further inspection has identified up to 3,000 manholes in need of 
repair. 
 
The Facility Plan identified the Northwest Outfall (NWO) sewer to be flowing at or above 85 percent 
capacity and in need of immediate attention.  However, this assessment may have been based on local 
pipes’ Manning’s capacities, which does not reflect the true capacity of this interceptor.  An analysis of 
12 months of flow monitoring data revealed that the water level in this pipe is not likely to exceed 65 
percent of its diameter once every 10 years.  However, as population growth within the service area 
continues, the portion of this pipe’s capacity available for wet weather will be reduced.  This will be 
addressed in more detail in later in this chapter. 
 
In an effort to develop a more comprehensive understanding of the system-wide conveyance system, 
PCRWRD has commissioned the development of a functional and highly calibrated, hydrology based 
hydraulic model.  The advanced model will be integrated into the conveyance system Geographic 
Information System (GIS) platform and will be an extension of previous modeling developments used by 
PCRWRD.  The advanced model will afford PCRWRD with many engineering and planning tools, the 
three most important are:  1) ability to identify current capacity issues, 2) ability to effectively plan for 
anticipated growth, and 3) enables planning for inflow/infiltration improvements.  The project deliverable 
will be a completely calibrated and validated model of one basin within the conveyance system, as well 
as, less detailed but calibrated and validated models of the rest of the conveyance system using InfoWorks 
CS model.  Less detailed basins will be fully developed by PCRWRD staff after the delivery of 
conveyance model and receipt of training. 
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6.2.3 Peak / Wet Weather Flows 

6.2.3.1 Objectives 
Objectives of the wet weather analysis are: 
 
Â Identify the parts of the existing conveyance system that are impacted by wet-weather flows 
Â Estimate the peak flow rates and/or water depths at various parts of the existing conveyance 

system that corresponds to a hypothetical 10-year storm event (CMOM requirement). 
Â Develop a strategy for accounting for future wet weather flows as population and conveyance 

system expand. 

6.2.3.2 Approach 
Ideally, the system response to actual wet weather events would be evaluated via an extensive review of 
rainfall and flow monitoring data.  Correlations between rainfall intensities / volumes and system flows 
would be developed, and hydrologic models prepared and calibrated to these actual events.  These models 
are used to predict the system response to hypothetical design storms for existing and future system 
configurations. 
 
For this study, a simpler approach based exclusively on flow monitoring data was utilized.  This was done 
for several reasons.  First, the isolated nature of rainfall events in the Southwest makes it challenging to 
derive correlations between rainfall and flow for large sewersheds.  Second, it was beyond the scope of 
this study to perform a comprehensive wet weather analysis.  Finally, the high volume (one year) of 
continuous flow monitoring data that is available makes the probabilistic method described below a 
suitable approach to make an assessment of current and previous conveyance system work. 

6.2.3.2.1 Probabilistic Method 
Historical (one-year) flow rates and water depth monitoring data, recorded every minute, at 27 locations 
in the conveyance system were analyzed using the probabilistic method described below. 
 
Â 15-minute average values of water depth and flow rate at each site were calculated from the 

1-minute monitoring data.  The daily peak 15-min values of water depth and flow rate at each site 
were tabulated. 

 
Â Frequency analyses were conducted to each site’s daily peak values.  The resultant distribution is a 

means of estimating the likelihood that a particular flow rate/depth might be exceeded on any 
given day.  This method provided a basis for determining whether a site is impacted by wet 
weather flow during this one-year observation period. 
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Â The frequency analysis data at each site, presented as flow rate/water depth versus recurrence 
interval, were numerically fit using non-linear regression models.  The best fit models were 
extrapolated to estimate the peak flow rates/water depths at a 10-year recurrence interval.  The 
10-year frequency is consistent with the regulatory requirements for wet weather flows.  The 
outcome provides a basis for site-specific peaking factors which incorporate the peak 10-year 
flows. 

6.2.3.2.2 Flow Data Summary 
The data set used in this analysis was provided by PCRWRD and covers the period from July 1, 2005 to 
June 30, 2006.  The data include depth readings at all 27 monitoring sites.  Thirteen sites also recorded 
flow rates.  Flow rates are calculated values derived from measured estimates of flow velocity and water 
depth, and therefore should not be considered true measurements, because of errors and inaccuracies 
resulting from the limitations of flow monitoring equipment.  Locations of these monitoring sites are 
shown on Figure 6-1, which indicates a fairly good coverage of the existing conveyance system. 
 
Data readings were logged at one-minute intervals resulting in more than 14 million of water depth data 
points and more than 6 million flow rate data points.  During the analysis, abnormal data points were 
checked and questionable data points were excluded.  Questionable data is documented.
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Figure 6-1 
Flow Monitoring Locations 
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6.2.3.3 Results 
Results summarized at each site include: 
 
Â 1-year 10, 50, 90 and 100 Percentile Flow Rates– The 10-percentile value means that 10 percent 

of the recorded flow rates are equal to or less than that value.  The 100-percentile value is the 
maximum flow rate ever observed during the one-year period. 

Â Calculated 10-year Flow Rate– Values extrapolated from regression models.  These values are 
considered to be the peak 15-min flow rates / depths likely to occur once every 10 years. 

Â Design Capacity at Each Site – Values taken from the previous study and included in this table as 
a reference.  However, these values are merely the Manning’s capacities derived from local pipe 
size and slope, and do not necessarily represent the pipes’ true carrying capacities.  More accurate 
design capacities should be those based on the hydraulic model developed in the course of this 
study  

Â Wet weather Flow Rate – Values calculated as the difference between the 10-year flow rates and 
the 50-percentile, or median, flow rates. 

Â Wet Weather Peaking Factor – Values calculated as the ratio of the 10-year peak flow rate to the 
50-percentile peak flow rate, multiplied by a factor of 1.4.  The factor was derived from an 
evaluation of flow monitoring data in which the typical peak dry weather flow is approximately 
1.4 times the average daily dry weather flow (QADF).  Development of the factor is as follows: 

Q50% = Median Peak Daily Flow 
PFDW = Dry Weather Peaking Factor 
PFWW = Wet Weather Peaking Factor 

From flow monitoring data, typical PFDW = 1.4, so, 
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Â 12-month 10, 50, 90 and 100 Percentile Water Depths – Presented as water depth to pipe diameter 

ratios at each site 

Â Calculated 10-year Water Depth – Presented as water depth to pipe diameter ratio at each site 
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Summaries of the results and observations for each site are discussed in the remainder of this chapter.  
Flow and depth figures can be found in Appendix H. 
 
The 10-year wet weather peaking factors indicated in Table 6-1 were plotted against the standard sewer 
design peaking factor curve (Figure 6-2).  For the upstream sites (those with flows less than 10 mgd), 
there is a strong correlation that produces a curve similar in shape to the design standard, but with an 
increased peaking factor.  Sites further downstream, North Rillito Interceptor (NRI)-2, South Rillito 
Interceptor-Central (SRC)-1, NRI-1, Santa Cruz-East Interceptor (SCE)-1, are on older parts of the 
system and are unique cases necessitating different techniques for estimating future wet weather flows.  
However, for those sites with QADF less than 10 mgd, the revised curve would seem to be a viable method 
for evaluating system capacity to convey peak wet weather flows. 
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Table 6-1 
Historical and Calculated Flow Rates and Water Depths  

Flow Rate, mgd Water Depth/Pipe Diameter 
Historical(1) Calculated Historical(1) Calculated Site 

10% 50% 90% 100% 10-year 

Design 
Capacity(2), 

mgd 

Wet 
Weather 
Flow(3) 

PF(4) 

10% 50% 90% 100% 10-year 

Pipe 
Diameter 

(inch) 

ACSC-1 2.69 3.56 4.60 8.77 10.19 19.2 6.63 4.00 0.22 0.26 0.29 0.42 0.51 42 
AV-1 1.10 1.45 1.87 3.28 3.93 9.1 2.48 3.80 0.30 0.34 0.38 0.53 0.57 24 

CDO-1 - - - - - 94.8 - - 0.29 0.32 0.36 0.39 0.43 48 
CDO-2 - - - - - 31.1 - - 0.24 0.25 0.28 0.33 0.38 36 
CDO-3 - - - - - - - - 0.27 0.31 0.33 0.48 0.49 24 
CW-1 - - - - - - - - 0.19 0.20 0.21 0.31 0.25 12 

Dove Mtn - - - - - - - - 0.16 0.17 0.20 0.21 0.22 15 
GV-1 1.26 1.69 2.34 2.82 3.21 - 1.52 2.66 0.34 0.39 0.46 0.51 0.50 21 
NRI-1 16.96 19.40 25.54 30.82  30.56 38.3 11.16 2.21 0.54 0.56 0.66 0.74 0.76 42 
NRI-2 12.82 15.32 20.04 32.40 33.29 - 17.97 3.04 0.45 0.50 0.56 0.68 0.73 39 
NRI-3 8.19 9.49 10.10 11.93 11.78 20.1 2.29 1.74 0.33 0.36 0.37 0.41 0.46 33 

NWO-1 - - - - - 28.7 - - 0.48 0.52 0.55 0.60 0.63 48 
PONT-1 - - - - - 16.18 - - 0.27 0.31 0.33 0.44 0.35 12 

PTI-1 9.37 10.57 11.66 14.44  12.87 29.8 2.30 1.71 0.36 0.38 0.40 0.44 0.46 36 
(1) Based on data recorded from July 1, 2005 to June 30, 2006 
(2) From previous study: 2006 Metropolitan Area Facility Plan Update.  Included here for reference only 
(3) Wet weather flow, estimated as the difference between the calculated 10-year flow and historical 50-percentile flow 
(4) PF: Peaking factor, estimated as 1.4 x (calculated 10-year flow/ historical 50-percentile flow) 
ACSC = Aviation Corridor to Santa Cruz Interceptor;  AV = Aviation Corridor; CDO = Canada Del Oro;  CW = Campbell Wash;  Dove  
Mtn = Dove Mountain;  GV = Green Valley WRF;  NRI = North Rillito Interceptor;  NOW = Northwest Outfall;  PONT = Pontatoc Wash;  
PTI = Pantano Interceptor 
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Table 6-1 (Continued) 
Historical and Calculated Flow Rates and Water Depths 

Flow Rate, mgd Water Depth/Pipe Diameter 
Historical(1) Calculated Historical(1) Calculated Site 

10% 50% 90% 100% 10-year 

Design 
Capacity(2), 

mgd 

Wet 
Weather 
Flow(3) 

PF(4) 

10% 50% 90% 100% 10-year 

Pipe 
Diameter

(inch) 

PTI-2 - - - - - 13.5 - - 0.35 0.38 0.41 0.45 0.48 30
SCE-1 25.23 28.33 34.05 44.32 49.52 148.1 21.19 2.45 0.28 0.30 0.31 0.37 0.36 78 
SCE-2 - - - - - 7.8 - - 0.30 0.38 0.42 0.62  0.58 30 
SCI-1 4.19 4.51 4.97 8.34  7.29 12.1 2.78 2.26 0.38 0.40 0.42 0.62 0.57 30 
SEI-1 - - - - - 92.8 - - 0.36 0.37 0.38 0.46 0.47 60 
SEI-2 - - - - - - - - 0.30 0.31 0.33 0.98  0.52 36 
SEI-3 - - - - - 21.4 - - 0.33 0.36 0.39 0.57  0.53 30 
SRC-1 14.93 16.17 18.03 26.26 28.53 11.8 12.36 2.47 0.35 0.37 0.38 0.45 0.48 54 
SRW-1 2.22 2.42 2.69 3.90 4.23 7.8 1.81 2.45 0.30 0.32 0.33 0.51  0.51 30 
SRWN-1 - - - - - 127.9 - - 0.20 0.24 0.25 0.28 0.28 66 
SRWS-1 - - - - - 9.7 - - 0.48 0.50 0.53 0.71 0.77 27 
SWI-1 5.48 6.39 7.10 9.46 8.52 43.9 2.13 1.87 0.28 0.31 0.33 0.89  0.35 33 
TUCDIV 1.37 3.13 7.61 11.98 14.92 30.2 11.79 6.67 0.20 0.30 0.40 0.96  0.70 33 

(1) Based on data recorded from July 1, 2005 to June 30, 2006 
(2) From previous study: 2006 Metropolitan Area Facility Plan Update.  Included here for reference only 
(3) Wet weather flow, estimated as the difference between the calculated 10-year flow and historical 50-percentile flow 
(4) PF: Peaking factor, estimated as 1.4 x (calculated 10-year flow/ historical 50-percentile flow) 
SCE = Santa Cruz-East Interceptor;  SEI = Southeast Interceptor;  SRC = South Rillito Interceptor-Central;   
SRW = South Rillito Interceptor-West;  SRWN = South Rillito Interceptor-West, North Line;  SRWS = South Rillito Interceptor-West, South Line;  
SWI = Southwest Interceptor;  TUCDIV = Tucson Boulevard Diversion 
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Figure 6-2 
Revised Peaking Factor Curve 
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6.2.3.4 Details of Flow Data Analysis 
Flow data for each of the existing 27 monitoring sites was evaluated and interpreted for use in the 
conveyance system capacity analysis.  The specific details by interceptor are included in Appendix H.  It 
also details any suspect data that was excluded from the analysis. 

6.2.3.5 July 2006 Flow Analysis 
During the course of this analysis it was observed that the flow monitoring period selected for analysis 
was relatively dry and might result in underestimating the magnitude of peak wet weather flows.  It was 
also noted that a series of significant events occurred near the end of July 2006 that might assist in 
verifying the probabilistic approach.  Of these storms, the one that occurred on July 29 was found to have 
caused the greatest system flows and was selected for additional statistical analyses. 
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As Figure 6-3 indicates, rainfall volumes varied greatly throughout the service area.  Therefore individual 
rain gauge data were grouped into three regions (Canada, Tucson, and Tanque) and consolidated into 
“composite” rainfall hyetographs.  A statistical analysis of this event determined its recurrence interval 
ranged from 1 to 10 years depending on location and duration (see Figure 6-4). 
 

Figure 6-3 
July 29, 2006 Rainfall Totals 
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Figure 6-4 
July 29th Rainfall Statistical Analysis 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
At each monitoring site that recorded both depth and flow a new data point for this particular event was 
added to the flow frequency distributions.  Figures indicating where these points fell relative to the flow 
frequency distributions have been included in Appendix H.  The majority of the data points fall relatively 
close to the frequency curves which would seem to validate the approach.  However, there are a few 
exceptions where the data points fall off the curves.  This is likely in large part due to the fact that the 
spatial variability of the rainfall makes the development of correlations between individual events and 
system flows challenging.  This difficulty was a major factor in the decision to utilize the probabilistic 
method to approximate wet weather flows.  It eliminates the need to derive such correlations as it is based 
exclusively on the frequency of flow without attempting to correlate such flows to rainfall. 

6.2.3.6 Summary and Conclusions 
While the Pima County conveyance system does experience an increase in flow in response to wet 
weather events, flow data indicate it has adequate excess capacity to convey these flows in accordance 
with CMOM criteria.  On the other hand, as the service area population grows, excess system capacity 
will be reduced and the ability for the system to reliably convey peak wet weather flows will subsequently 
be reduced.  There are some portions of the system that will most likely need to be augmented in the 
future in order to maintain adequate excess capacity for wet weather flows.  The method detailed in 
Chapter 6.4.4 was used to account for wet weather flows when evaluating system hydraulics. 
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There are some notable limitations to the probabilistic method.  First, this technique presumes that one 
year of flow data is sufficient to project the flows and depths that are likely to occur once every 10 years.  
Second, this technique makes no attempt to associate measured flows with rainfall.  Finally, this 
technique estimates flows, not volumes.  Therefore, while it may be a reasonable means of estimating wet 
weather flows, it has no means of estimating what sort of detention volumes might be employed as an 
alternative to increased conveyance capacity. 
 
While this study has clearly shown that there are some significant wet weather impacts, a more 
comprehensive wet weather study is warranted and has been commissioned by PCRWRD.  It is 
recommended that this study evaluate the correlation between measured rainfall and flows.  These 
measurements should then be used to assist in the calibration of a hydrologic model capable of simulating 
the response of the collection system to actual and hypothetical rainfall events.  This model could be used 
to validate the recommendations of this report, and could also be used to evaluate alternatives to increased 
conveyance, such as detention and flow equalization. 

6.3 Future Conveyance System Capacity Requirements 

6.3.1 Population / Flow Estimates 
Model loads were derived largely from population estimates.  The same traffic analysis zone (TAZ) 
population data that had been developed by PAG and was used for the 2006 Facility Plan was also used as 
the basis for estimating inflows into the MOUSE model described in Chapter 6.5.  In general, a per capita 
wastewater flow rate of 85 gpcd was applied to the population estimates to determine model inflows.  In 
some areas these population values were adjusted to account for customers on septic systems. 

6.3.2 Previous Studies – 2006 Metropolitan Area Facility Plan Update 
The same population estimates used in the 2006 Facility Plan were used for this study.  The table below 
consolidates these estimates into a single table.  For future flow scenarios it was assumed that all 
properties currently on septic would be served by the collection system. 

6.4 Conveyance System Evaluation Criteria 

6.4.1 Design Standards 
Majority of the standards that were used to evaluate the system and develop the CIP have been 
established via State legislation.  These are discussed in Chapter 6.4.2. 
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6.4.2 Regulatory Issues 
Any Master Planning project must be done with existing and anticipated relevant rules and regulations in 
mind.  A review of the Arizona Administrative Register1 revealed several anticipated rules that impact 
this project.  While this document is not yet policy, it is anticipated that it will be adopted as policy by 
2008.  Those proposed rules that affect master planning pertain primarily to the State’s recommendation 
that a regulated CMOM standard be applied.  Those proposed rule changes found to be most relevant to 
this master planning effort are: 
 
Â R18-9-C305 2.05 General Permit: Capacity, Management, Operation, and Maintenance of a 

Sewage Collection System – Specifically, this general permit will allow an operator to operate and 
maintain a collection system under the terms of a CMOM Plan.  This permit applies to existing 
facilities.  The CMOM plan must include: 

− Operation and maintenance of ability of system so as to maintain capacity to convey peak 
dry and wet weather flows, prevent SSOs, and respond to and report releases. 

− Capital improvement plan. 
− How to maintain adequate capacity to base flows and peak wet weather flows of a 

10-year-24-hour storm event for all parts of the conveyance system. 
− Identification of conveyance system components that do not meet preceding criteria, and 

develop a CIP such that these components will be compliant within 10 years. 
 

Â PCRWRD received “notice of recording” from ADEQ from the type 205 General Aquifer 
Protection Permit on November 27, 2006. 

 
Â R18-9-E301 4.01 General Permit: Sewage Collection Systems – This permit pertains to newly 

constructed sewage collection systems. 
− Sewage collection system must be designed and operated such that it: 

× Provides adequate wastewater flow capacity for the planned service area; 
× Maintains proper flow velocities so as to minimize sedimentation; 
× Prevents SSOs via proper sizing and I/I reduction measures; 
× Minimizes exfiltration losses; 
× Provides for adequate inspection, maintenance, and testing; 
× Maintains structural integrity; and 
× Minimizes septic conditions in the collection system. 

− Design Requirements 
× Apply appropriate dry weather peaking factor and add wet weather I/I rate; 
× Maximum d/D of 0.75 during dry weather; 
× All collection system appurtenances should be designed such that any part of the 

system, when flowing full, can accommodate a peak wet weather flow calculated by 

                                                      
 
1  Secretary of State, Arizona Administrative Register Notices of Proposed Rulemaking, Volume 11, Issue 2,  

January 7, 2005. 
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multiplying the sum of the upstream dry weather flows by a dry weather peaking 
factor based on upstream population and adding a wet weather I/I rate based on either 
a percentage of peak dry weather flow or a gallons per acre rate of flow; 

× Minimum radius of curvature = 200 feet; 
× Minimum depth of cover = 3 feet1; 
× Minimum velocity = 2 feet per second2 
× Maximum velocity = 10 feet per second3 
× Maximum manhole spacing according to Table 6-2: 

 
Table 6-2 

Manhole Spacing 

Sewer Pipe Diameter 
(inches) 

Max. Manhole Spacing 
(feet) 

Less than 8 400 

8 to less than 18 500 

18 to less than 36 600 

36 to less than 60 800 

60 or greater 1300 

6.4.3 Diurnal Flows / Peaking Factors / Flow Equalization 
Dry weather peaking factors (PFs) established in the Arizona State Register are shown in Table 6-3: 
 

Table 6-3 
Dry Weather Peaking Factors 

Upstream Population Dry Weather 
Peaking Factor 

1,001 – 10,000 094.1)*330.6( 231.0 += −pPF  

10,001 – 100,000 128.1)*177.6( 233.0 += −pPF  

More than 100,000 945.0)*500.4( 174.0 += −pPF  

 

                                                      
 
1 Unless ductile iron or pipe or other design of equivalent or greater tensile and compressive strength is used. 
2 When flowing full, assuming Manning’s formula and roughness coefficient of 0.013 are used. 
3 Unless ductile iron, or material of equivalent erosion resistance is used. 
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These three equations were consolidated to a single equation by assuming a per capita flow rate of 
85 gpcd, plotting the results, and using regression analyses.  The resultant curve fit and equation are 
indicated on Figure 6-5. 
 
Peaking factor is of particular concern with regard to the evaluation of the plant interconnect pipeline. 
This is because this 5-mile large diameter sewer must be designed to convey peak flows, not just average 
daily flows. Figure 6-6  represents the typical dry weather diurnal flow that is expected to reach the 
Roger Road WRF in the year 2030. 
 
 
 

Figure 6-5 
Consolidated Dry Weather Peaking Factor Curve 
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Peaking factor is of particular concern with regard to the evaluation of the plant interconnect pipeline. 
This is because this 5-mile large diameter sewer must be designed to convey peak flows, not just average 
daily flows. Figure 6-6  represents the typical dry weather diurnal flow that is expected to reach the 
Roger Road WRF in the year 2030. 
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Figure 6-6 
Diurnal Flow Equalization 

 

6.4.4 Wet Weather Flow Allowance 
The State Standards are somewhat vague in specifying how communities should design conveyance 
systems to accommodate peak wet weather flows.  This is due to the site specific nature of wet weather 
events, which makes it difficult to develop a standardized approach to accommodate wet weather flows in 
a manner that would be appropriate for all conveyance systems.  The standards state only that new 
collection system appurtenances should be designed to convey the 10-year event and that existing 
facilities should be able to do so within 10 years (See Chapter 6.4.2.).  However, the standards also 
recommend allowing for wet weather flow as a percentage of peak dry weather flow or on a gpd/acre 
basis.  Both techniques are applied to this analysis. 
 
Referring to Figure 6-2, statistical flows data analyses seem to indicate that flows less than 10 mgd trend 
along a revised peaking factor curve that provides for sufficient capacity for system appurtenances to 
convey the peak 10-year flow without surcharging.  The percentage of pipe capacity that remains for wet 
weather flows is also indicated. 
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However, for pipes with average dry weather flows over 10 mgd (those in more downstream reaches of 
the system as indicated by monitoring sites NRI-1, NRI-2, SRC-1, and SCE-1) the revised peaking factor 
curve is not applicable, most likely due to the unique nature of I/I in these downstream portions of the 
system.  One possible explanation for the relatively high I/I recorded is that some of the older interceptors 
were constructed in the storm water washes, which can permit storm water flow to enter the sanitary 
system through manhole covers.  Therefore, pipes with dry weather flows greater than 10 mgd the 
weighted average per acre wet weather flow rates from measured flows as indicated in Table 6-4 were 
applied when evaluating pipe capacities.  Peak flows in the portion of the system tributary to Roger Road 
were substantially higher than those to the Ina Road tributary area, therefore different peaking factors 
were used for their conveyance systems. 
 

Table 6-4 
Per Acre 10-Year Wet Weather Flow Rates 

Meter Site Service Area  
(acres) 

10-Year Wet Weather Flow  
(mgd) gpd/acre 

NRI-1 110,190 11.16 101 
NRI-2 101,249 17.97 177 
Ina Road Service Area Weighted Average 138 
SRC-1 (Roger Road 
WRF) 41,880 12.36 295 

6.4.4.1 3-Year Roger Road WRF Flow Analysis 
During the course of the development of the wet weather flows, it was noted that the 12-month flow 
monitoring period of July 2005 through June 2006 was relatively dry and might underestimate wet 
weather flows.  Since the design of the plant interconnect pipeline is of particular concern, an analysis of 
3.5 years of Roger Road WRF flows was performed to determine whether the 295 GPD/acre value is 
sufficiently conservative.  The results of this analysis, utilizing plant flow data from March 2003 through 
October 2006, are presented on Figure 6-7.  This frequency distribution of the peak flows into Roger 
Road WRF results in a 10-year peak wet weather flow to the plant of 110 mgd.  Subtracting the median 
peak dry weather flow of 56 mgd results in a peak 10-year wet weather flow of 54 mgd or 264 gpd/acre 
(based on a service area of ~200,000 acres), approximately 10 percent less than what had been determined 
in the preceding analysis.  The more accurate value was presumed to be 264 gpd/acre as it was based on a 
longer data period and has been used in subsequent pipe capacity analyses. 
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Figure 6-7 
Roger Road WRF Peak Flow Frequency Distribution 
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6.4.5 Effluent Reuse  
Effluent use for reclaimed water service does not impact the service area wastewater conveyance systems 
upstream of the wastewater treatment facilities at either Roger Road WRF or Ina Road WRF. The 
reclaimed water uses treated wastewater downstream of these facilities. 

6.4.6 Odor Control / Conveyance Time 
Odor generation, largely a function of conveyance time, was not evaluated as part of this study.  A 
separate odor control model is being utilized for this purpose.  However, the odor control model is based 
largely upon the hydraulic model used for this study.  The pipe network and average daily flows 
generated by the hydraulic model described in the next chapter were used as input into a model that 
simulates odor generation.  Odor control within the conveyance system is covered in a separate report on 
system-wide odor controls under development at the time of this report. 

6.5 Evaluation of Conveyance System 
A detailed engineering analysis of the capacity of the skeletal conveyance network to convey both dry and 
wet weather flows was performed.  This analysis relied heavily on a hydraulic model to evaluate system 
performance under a variety of flow and system configurations. 
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6.5.1 Hydraulic Model Development 
The 2006 Facility Plan utilized a “BASIN” model which relied on TAZ population data and subcatchment 
delineations to estimate inflows into the conveyance system.  Wastewater flows were routed through the 
branched network by summing flows as they accumulated towards the treatment plants.  This model 
evaluated the adequacy of conveyance system capacity by comparing estimated flows to the pipes’ 
Manning’s capacities, which are the theoretical full pipe capacities based on size, slope, and roughness.  
While a good base level tool, the BASIN model approach does not have the robust hydraulic 
computational ability to accurately evaluate system capacity. 
 
In particular, this approach assumes that the Manning’s capacity at a single location is representative of 
the pipe’s overall capacity.  However, in reality pipe slopes are not uniform, and if the segment used to 
calculate the Manning’s capacity had a relatively flat slope in comparison to the upstream and 
downstream segments, the pipe might be able to carry far more flow than the initial Manning’s capacity 
would indicate. 
 

“Thus, individual sewer reaches within a sewer system can carry more than their calculated 
design capacity with no adverse consequences, while individual sewers within the sewer system 
can backup, overflow, and/or flood even while carrying flows well within their calculated design 
capacity.  Consequently, it is necessary to define a system capacity independent of the calculated 
design capacity of the individual reaches of sewer.”1 

 
The 2006 Facility Plan highlighted interceptors as orange and red if their capacities were found to be 
deficient.  “The Orange classification identifies sections of the interceptor with potential capacity 
problems and suggesting only an engineering study to determine the severity of the problem.”  Further the 
report states, “The pipe capacity of the interceptor in the identified basin requires an engineering 
evaluation before being certified as being deficient.”  In addition, this model could not adequately predict 
the behavior of flow splits as stated, “This module worked with no problems for most cases, however at 
the time of model development, no reasonably effective way could be found for the GIS module to 
accommodate the numerous flow splits, such as the Tucson Boulevard Diversion…”  The model 
developed as part of this study has the ability to simulate flow split hydraulics by inputting the physical 
parameters of the diversion structures. 
 
The more robust model detailed in the remainder of this chapter will provide the capability to perform the 
engineering evaluations recommended in the Facility Plan.  The model selected for performing 
engineering analyses is MOUSE, which is described in greater detail in the next chapter. 

                                                      
 
1 Water Environment Federation, Guide to Managing Peak Wet Weather Flows, 2006. 
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6.5.1.1 Model Capabilities / Limitations 
Developed by the Danish Hydraulic Institute (DHI), MOUSE is a powerful conveyance system 
computational modeling package.  Similar to InfoWorks, MOUSE finds a complete solution to the St. 
Venant equations, which enables it to simulate virtually any hydraulic phenomena including open channel 
flow, surcharged and pressurized flow, reverse flow, weirs, gates, pump stations, overflows, backwater 
effects, all within a dynamic simulation that enables modelers to account for travel time, system storage 
and peak flow attenuation.  MOUSE uses a variable time-step kinematic wave formulation to solve for the 
flow conditions, resulting in a high degree of computational accuracy and stability.  In addition, DHI has 
developed MikeUrban, a GIS-centric model manager that greatly enhances the power of both modeling 
and GIS applications. 
 
The graphical post-processor, MikeView, enables modelers to quickly evaluate and analyze simulation 
results. Quantities of interest such as conduit flows, flow depths, manhole flooding, available pipe 
capacity, are readily analyzed and displayed.  Profiles of selected sewer segments can be viewed and 
animated to better comprehend system limitations and bottlenecks. 
 
One of the limitations of MikeUrban is that it is challenging to have multiple constraints, boundary 
conditions, and loads applied to a subset of data, such as different per capita flows in different basins.   
Rather it uses a “population equivalent” (PE) value to account for variability in per capita flow rates.  
This issue arose during the Ina Road WRF sewershed calibration and ultimately, the population values 
were adjusted to a PE value that resulted in the appropriate wastewater flow rate. This issue will be 
addressed further in Chapter 6.5.1.3. 
 
Most importantly the model is only as accurate as the information that was used to create it.  The 
conveyance system GIS database was relied upon heavily for model development.  Generally, only pipes 
15-inch and larger were included.  Pipe segments missing invert elevation data were identified and were 
interpolated for using the nearest upstream and downstream invert elevations.  Approximately 13 percent 
of the pipe inverts were missing.  In addition, there were obvious erroneous values which prevented 
network flows to be conveyed downstream; these were also corrected via interpolation.  While all of these 
estimates were reasonable and should not adversely affect model accuracy within the scope of this master 
planning study, minor differences between simulated and actual hydraulics may occur. 

6.5.1.2 Set-Up / Configuration 
Model network was first simplified, or “skeletonized”, to remove manholes along pipes of uniform size 
and slope, thereby reducing simulation times without sacrificing accuracy.  The modified network was 
imported into MikeUrban for final debugging.  Plans for key hydraulic structures such as weirs, gates, and 
diversions, were used as the source documents for adding appurtenances to the model. 
 
Using the basin population estimates from the TAZ data, loads were assigned to the model nodes.  
Generally, a visual inspection of pipe network connectivity was performed such that subcatchment loads 
were assigned to model nodes at the point on the interceptor where the majority of the subcatchment 
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flows seemed to discharge into it.  This necessary simplification could result in excessive flows passing 
through some portions of the system, while some flows may short circuit other parts of the interceptor 
network.  In general, these limitations should be considered minimal as subcatchment boundaries were 
delineated so as to minimize these errors. 
 
Several point loads listed in the 2006 Facility Plan were added into the model. These flows came from 
sources such as the University of Arizona, the Davis-Monthan Air Force Base, and Tucson Mall.  These 
loads could not be accounted from population databases. 
 
There are several diversion structures in the collection system that regulate and split flow into the various 
interceptors.  The following structures were included in the model so as to accurately simulate their 
hydraulics:  Craycroft, Tucson Boulevard, 18th and Vine, and Alameda Siphon (Figure 6-8). 

6.5.1.3 Calibration Summary 
Hydraulic model of the conveyance system was calibrated using data from the BASIN model of the 
sewersheds and the flow meter data. The Roger Road WRF and the Ina Road WRF inflows were 
included.  As for the BASIN model, for the Roger Road WRF system a per capita flow rate of 85 gpcd 
was used to estimate the load from each basin sub-basin.  For the Ina Road WRF system, the variable per 
capita flow rates were accounted for recalculating the “population equivalent” to a value that matched the 
BASIN flow rates while using 85 gpcd. 
 
A significant step in the model calibration was simulating the multiple diversion structures contained in 
the network.  Examples include the Alameda Siphon, the Tucson Boulevard Structure, and the 
Craycroft Diversion (Figure 6-8).  Some of the elevations contained within the record drawings did not 
match GIS data to preserve the hydraulics of the various structures, therefore relative elevations were 
used.  
 
Once the model was debugged, a simulation was run using average dry weather flows (ADWF) and the 
results were compared to the meter data and the BASIN model flows.  This comparison is shown 
graphically on Figure 6-9.  Since the model essentially used the same loading technique as the BASIN 
model, MOUSE model flows would be expected to generally match those of the BASIN model rather 
than the flow monitoring data.  However, the BASIN model used estimated flow splits at the diversion 
structures whereas the MOUSE model simulated diversion hydraulics resulting in some minor differences 
between the two. 
 



Pima County Regional Wastewater Reclamation Department 
Tucson, Arizona  

Pima County Regional Optimization Master Plan 

Regional Optimization Master Plan  
Final Report  

Chapter 6 – Conveyance System Evaluation 
 
 

6-23 
J:\Projects\Pima Co WM\05302-ROMP\06 Gen Studies-Rpts\6.1 Report\Final Report\Complete Report_07Nov26_Rev2.doc 

Figure 6-8 
Diversion Structure Locations 
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Figure 6-9 
MOUSE Model Calibration 
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6.5.1.4 Tucson Boulevard Diversion Capacity Test 
There has been some uncertainty as to the maximum amount of flow that could be diverted to the North 
Rillito Interceptor (NRI) via the Tucson Boulevard diversion structure.  On July 28, 2005 a stress test was 
performed to maximize the flow through the diversion to the Ina Road WRF.  This was done by closing 
the gate that allowed the flow to travel west to the Roger Road WRF, thereby transferring all flow north 
to the NRI.  The test revealed that diverting approximately 12 mgd of flow into the NRI would reach the 
limit of its conveyance capacity without exceeding capacity 
 
The conveyance system model was modified to simulate the same Tucson Boulevard diversion configuration 
to confirm that the results compared favorably to those of the stress test.  For this test slightly more (13.5 mgd) 
of flow was diverted to the NRI.  Flow monitoring data indicated depth of flow in the diversion to be 17 
inches.  The model predicted a depth of 25 inches.  The difference is due in large part to the fact that the model 
simulated an additional 1.5 mgd of flow.  The pipe profile on Figure 6-10 is that of the simulation result.  
While the NRI is flowing slightly more than full in a few places, it is able to convey a maximum flow of 13.5 
mgd of diverted flow reasonably well.  However, additional flow may lead to excessive surcharging in some 
locations. 
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Figure 6-10 
NRI Profile during Tucson Boulevard Diversion Stress Test 
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6.5.2 Planned System Upgrades 
As of the completion of this evaluation the new Santa Cruz Central interceptor was the only planned 
system upgrade that was of a magnitude that warranted consideration.  As of the date of publication of 
this report this sewer in under construction and not in service.  For analyses it was presumed that this 
sewer would be placed into operation by the year 2010.  Plans were obtained to determine the necessary 
physical sewer information to represent this new sewer in the hydraulic model. 

6.5.3 Hydraulic Deficiencies / Excess Capacity 
Referring to Table 6-1, there was no observed system surcharging during the 12-month flow monitoring 
period.  This would seem to indicate that the system currently has sufficient capacity to accommodate 
existing dry and wet weather flows.  However, a hydraulic simulation was run to evaluate the hydraulic 
adequacy of all elements of the skeletal network. 
 
Once the model calibration was completed, a simulation was run under dry weather conditions with a 
typical diurnal pattern applied to system loads.  Figure 6-11 is a profile of the NWO sewer during peak 
dry weather flow.  It is, for the most part, able to convey these flows at less than 85 percent of its peak 
capacity (75 percent full). 
 
As a check of model results, the d/D of the model at the flow monitoring site was compared to the 
12-month peak water levels from meter NWO-1.  The model predicted a d/D of 0.56 while the median 
daily peak d/D from the monitoring data was 0.52, a difference of 8 percent. 
 
This analysis indicates that a substantial portion of the downstream reaches of the NRI may be flowing at 
over 85 percent capacity.  As a check of model results the peak d/D from the model was compared to that 
of the meter at site NRI-1.  The model predicts a peak d/D of 0.65 while the median measured value was 
0.56, indicating the model is conservative by 16 percent.  A profile of this portion of the system from 
Shannon Road to the Ina Road WRF is shown on Figure 6-12.  The portion of the sewer between 
manholes 1703-10 and 1703-06, which parallels I-10 just before crossing the interstate near Ina Road 
WRF, appears to be near capacity. 
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Figure 6-11 
NWO Sewer Profile during Peak Dry Weather Flow 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6-12 
NRI Sewer Profile during Peak Dry Weather Flow 
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Portion of the Santa Cruz Central Interceptor (SCC) between the Alameda Siphon and Grant Road also 
appears to be flowing above 85 percent of its design capacity, however, no flow metering data are 
available with which to confirm these results.  Nevertheless, a profile of this sewer shown in Figure 6-13, 
indicates that substantial lengths of this sewer are flowing near capacity.  Installation of the new Santa 
Cruz Central interceptor by the year 2010 should alleviate the capacity issues of the NWO and SCC 
interceptors. 

Figure 6-13 
SCC Sewer Profile During Peak Dry Weather Flow 
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Figure 6-14 
2005 Hydraulic Capacity Evaluation 
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Figure 6-15 
2005 Wet Weather Hydraulic Evaluation 
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6.5.3.1 2030 System Hydraulic Evaluation 
For this analysis a slightly more conservative approach was taken for the conveyance capacity evaluation 
than was used within the 2006 Facility Plan analysis.  First of all, the Facility Plan presumed that as the 
Ina Road WRF service population expands, the per capita rates would remain at their 2005 levels.  In 
addition, the Facility Plan presumed that those customers on septic would remain so in 2030.  For this 
analysis, however, a per capita flow rate of 85 gpcd was used and all customers and those currently on 
septic were presumed to be served by PCRWRD by the year 2030.  Finally, the revised peaking factor 
curve accounting for wet weather was used to compare estimated 2030 peak wet weather flows to pipe 
capacities. 
 
Results of the hydraulic evaluation are presented on Figure 6-16, with pipes color coded according to the 
ratio of peak 10-year flow to pipe capacity.  Non-Metro reaches of the SEI and PTI interceptors have 
inadequate capacities to convey the 10-year wet weather flows.  Additional capacity will have to be 
provided for approximately 6 miles and 2.3 miles of these sewers, respectively.  Of particular concern is 
the 2-mile stretch of the SEI flowing north from Interstate 10 (I-10) to 18th.  This stretch of sewer will not 
have adequate capacity to pass the 2030 dry weather flows, and widespread sewer backups could occur 
during rainfall events. 
 
From the model results an optimal flow balance will not be achieved between the existing Santa Cruz and 
new Santa Cruz interceptors.  This is due in large part to the hydraulics of the structures at Alameda that 
divide the flows between these interceptors.  This need not be a cause for great concern however, because 
as flows back up in one interceptor, it will push additional flow into the other, thereby balancing the flows 
during an actual peak wet weather event. 
 
The North Rillito interceptor also appears to have some capacity issues in the year 2030.  However, these 
could be mitigated by reversing the flow in the Tucson Boulevard diversion or Craycroft diversion to send 
additional flow to the SRI, which has excess capacity.  Flow could then be transferred from Roger Road 
WRF service area to Ina Road WRF via the plant interconnect pipeline. The optimal balance of flow 
between the NRI and SRI is ultimately dependent on the route selected for the plant interconnect pipeline. 
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Figure 6-16 
2030 Wet Weather Hydraulic Evaluation 
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6.5.3.2 Houghton Area Master Plan (HAMP) 
A detailed hydraulic study of the Houghton Area Master Plan (HAMP) development was performed to 
analyze the impact that it will likely have on the flows in the interceptors that are expected to receive the 
additional flow.  
 
A study report on the HAMP for the year 2030 included two sub-basin configuration scenarios.  The first 
configuration matches that of the 2006 Facility Plan, while the second scenario redirects a portion of 
Basins 43B and 97 into Basin 113, with the resultant flow being redirected from the SEI to the Pantano 
Interceptor (PTI).  This modification changes the populations that are connected to the SEI and PTI 
interceptors which were consequently updated in the model.  The second scenario was replicated in the 
hydraulic model by overlaying TAZ and the revised sewer basins boundaries and updating the 2030 sub-
basin populations accordingly.  The model was then re-run and the output analyzed. 
 
Results of scenario 1, which match the Facility Plan sub-basin delineation, is presented on Figure 6-17.  
Those pipe segments that are expected to be flowing at above their design capacities are highlighted.  The 
corresponding labels indicate the pipes’ expected 2030 flows, and the percent increases in capacity that 
would need to be provided to convey these flows with an appropriate peaking factor.  Similarly, Figure 
6-18 indicates the simulation results with a portion of the HAMP flows redirected to the PTI.  Under this 
scenario only the PTI would require an increase in capacity. 
 
The overall effect of the second scenario is that flow is unloaded from the Southeast Interceptor and is re-
routed into the PTI.  While this proposal relieves the Southeast Interceptor of a significant portion of 
overloading, it does cause a large amount of the flow to backup in the PTI.  Portions of the sewer limit the 
conveyance capacity and would need to be upgraded. 
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Figure 6-17 
HAMP Capacity Analysis, SEI Scenario 
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Figure 6-18 
HAMP Capacity Analysis, PTI Scenario 

\  
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6.5.4 Plant Interconnect 
Ability to transfer flow between the Roger Road service area and Ina Road WRF is critical for the 
management of wastewater to accommodate growth.  Based on current growth projections, it is 
anticipated that Roger Road WRF’s capacity will be reached by the year 2011, or 2012.  This 
interconnect, or some other method of transferring supplemental flows, to the Ina Road WRF must be 
placed into operation by this time.  Because of the capacity limitations at Roger Road WRF, there is 
urgency in advancing the construction of the plant interconnect pipeline (Santa Cruz Interceptor Phase 
IV). 
 
Three alternatives were given consideration for transferring flow between facilities.  These include 
implementing the “Existing” plan specified in the 2006 Facility Plan, transferring “some” flow between 
the two facilities, and transferring all flow from the Roger Road service area to Ina Road WRF.  The 
“Existing” plan is the selected option that best fits within the overall wastewater plan. 
 
Regardless of which alternative is selected, there are effluent demands that must be met.  For example, 
Tucson Water has stated that it requires 30 mgd at its Sweetwater facility for reclaimed water use.  In 
addition, a minimum of 2 mgd to the Santa Cruz River may be required for maintenance of riparian 
habitat.  Therefore, any alternative which involves treating less than 32 mgd at the Roger Road facility 
will require that the balance be pumped back from Ina Road WRF to supplement the effluent needs at that 
location. 

6.5.4.1 Routing Alternatives 
There are four route alternatives that were given consideration for conveying the wastewater from the 
Roger Road service area to the Ina Road WRF as shown on Figure 6-19.  These are: 
 
Â Alternative 1 – Parallel existing sludge force main interconnect; 
Â Alternative 2 – Silverbell Road; 
Â Alternative 3 – Prince and Romero to El Camino Del Terra and De La Tierra; 
Â Alternative 4 – Alternative 3 route to El Camino Del Cerro, under I-10, then Alternative 1. 

 
Alternative 3 makes it difficult to transfer the flow in the Santa Cruz interceptors and impossible to 
capture flows in the NWO, therefore it was eliminated from further consideration. 
 
Which route is selected has a bearing on the design capacity of the plant interconnect pipeline.  The 
reason is that the third and fourth alternatives involve joining the plant interconnect pipeline and the NRI 
at W El Camino Del Terra and N De La Tierra, and “augmenting” the NRI from that point to the Ina Road 
plant.  Under this scenario that upstream portions of the NRI would need to be increased in order to 
accommodate the 10-year peak flow.  However, additional capacity requirements are slight (generally less 
than 10 percent), and peak flows could likely be forced through with a minimum of surcharging until the 
point where the interconnect would meet it.  From this point to the Ina Road plant, referred to as 
“Augmentation”, the existing NRI will not have adequate capacity to convey the 10-year storm in 2030.  
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Therefore, a portion of its flow (13 mgd) would need to be transferred into the new plant interconnect 
pipeline, which would be sized to accommodate the additional flow. 
 
The other two routing alternatives do not utilize any portion of the NRI.  Therefore, in order to alleviate 
the capacity limitations in the downstream reaches of the NRI.Figure 6-16, the Tucson Boulevard 
diversion or Craycroft diversion (but not both) could be reversed in order to transfer flow from the NRI to 
the SRI, which has excess capacity.  Once the transferred flow reaches the Roger Road plant site it could 
be conveyed to Ina Road WRF via the plant interconnect pipeline.  Under this scenario, 13 mgd of the 
peak 10-year flow would need to be transferred from the NRI to the SRI, roughly half the flow in the NRI 
at this point.   
 
The existing sewer configuration prevents a reversal of flow through either flow management structures 
to accomplish the diversion.  Two alternatives were developed for reversing the diversion of flow through 
either the Tucson Boulevard or Craycroft diversion structures.  The locations of these facilities are 
depicted on Figure 6-20.  For Tucson Boulevard approximately 2150 feet of 36-inch pipe would need to 
be constructed in order to direct flow from the NRI to the SRI as indicated on Figure 6-21.  This distance 
does not include the siphon under Rillito Creek, which could likely be used as is.  Two options were 
considered for reversing the flow through the Craycroft structure (Figure 6-22).  Option 2 is not 
considered a viable alternative as this would require surcharging the upstream collection system in order 
to divert the 13 mgd required.  Option 1 would require constructing approximately 2950 feet of 30-inch 
pipe.  The costs of the Tucson Boulevard and Craycroft - Option 1 alternatives are approximately $1.1M 
and $1.26M, respectively. 
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Figure 6-19 
Plant Interconnect Routing Alternatives 
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Figure 6-20 
Tucson Boulevard and Craycroft Diversion Locations 
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Figure 6-21 
Tucson Boulevard 36-Inch Reverse Sewer 
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Figure 6-22 
Craycroft 30-Inch Reverse Sewer 
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6.5.4.2  “Existing” Plan 
The interconnect configuration for the existing plan calls for treating 32 mgd of the 60 mgd year 2030 
ADWF at Roger Road WRF and transferring the remaining 28 mgd from the Roger Road service area to 
Ina Road WRF.  However, these are average daily flows and do not consider peaking factors and wet 
weather impacts.  To the ADWF of 60 mgd a peaking factor of 1.38 needs to be applied.  With a service 
area of ~200,000 acres an additional 54 mgd of wet weather flow is added to be treated either at Roger 
Road WRF or conveyed to Ina Road WRF.  Presuming the Roger Road plant will have a peaking factor 
of 2, the division of dry and wet weather flows between Roger Road WRF and Ina Road WRF could be as 
indicated in Table 6-5.  This operational configuration would enable Roger Road WRF to operate in a 
steady-state mode during dry weather by transferring all dry weather flow diurnal variability to Ina Road 
WRF.  In this operational configuration, in the year 2030, 3 to 50 mgd would be transferred to Ina Road 
WRF during dry weather.  This transfer could increase to 72 mgd during wet weather.  If additional flow 
is transferred to Roger Road WRF to alleviate the NRI, then the plant interconnect pipeline would require 
an additional 13 mgd (85 mgd total) of capacity.  This was the target capacity used in the design of 
routing alternatives 1 and 2. 
 

Table 6-5 
2030 Flow Split, “Existing” Plan, Roger Road WRF Steady State 

13654823560Total

722250328Transfer To 
Ina Road

6432323232Roger Road

QPeak
(MGD)

QWetWeather
(MGD)

Qmax
(MGD)

Qmin
(MGD)

Qavg
(MGD)

13654823560Total

722250328Transfer To 
Ina Road

6432323232Roger Road

QPeak
(MGD)

QWetWeather
(MGD)

Qmax
(MGD)

Qmin
(MGD)

Qavg
(MGD)

 
 
Another operational alternative could be to split the variability of dry weather flows between the Roger 
Road WRF and Ina Road WRF.  This option would result in 2030 dry weather flows transferred to Ina 
Road t WRF o range from 17.5 to 41 mgd.  However, as Table 6-6 indicates, when wet weather flows are 
considered the design capacity of the plant interconnect pipeline becomes independent of the operational 
configuration of Roger Road. 
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Table 6-6 
2030 Flow Split, “Existing” Plan, Roger Road WRF Variable Flow 

13654823560Total

72314117.528Transfer To 
Ina Road

64234117.532Roger Road

QPeak
(MGD)

QWetWeather
(MGD)

Qmax
(MGD)

Qmin
(MGD)

Qavg
(MGD)

13654823560Total

72314117.528Transfer To 
Ina Road

64234117.532Roger Road

QPeak
(MGD)

QWetWeather
(MGD)

Qmax
(MGD)

Qmin
(MGD)

Qavg
(MGD)

 
 
If either routing alternatives 1 or 2 are selected, the plant interconnect pipeline will need to have an 
additional 13 mgd of capacity in order to accommodate the transfer of flow from the NRI, resulting in a 
design capacity of 85 mgd.  If routing option 4 is selected, the pipe would require a design capacity of 72 
mgd until it reaches the NRI, at which point its capacity would need to be increased to 85 mgd to alleviate 
overloading of the NRI. 

6.5.4.3 Transfer Some 
This alternative is similar to the “Existing” alternative, but calls for treating 20 mgd of ADWF at Roger 
Road WRF.  A delineation of flows treated at Roger Road WRF and to be transferred to Ina Road WRF is 
indicated in Table 6-7.  A treatment and wastewater transfer analysis has determined that this option is 
not economically viable. 
 

Table 6-7 
2030 Plant Flow Split, Transfer Some 

 Qavg 
(mgd) 

Qmin 
(mgd) 

Qmax 
(mgd) 

Q (Wet 
Weather)  

(mgd) 

Q peak 
(mgd) 

Roger Road 
WRF 20 12 26 14 40 

Transfer to Ina 40 23 56 40 96 
Total 60 35 82 54 136 

6.5.4.4 Transfer All 
Under this alternative the Roger Road WRF would be decommissioned.  Therefore all peak dry and wet 
weather flows would need to be transferred from the Roger Road service area to Ina Road WRF.  The 
resultant design capacity of the plant interconnect pipeline is 136 mgd. 
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If this alternative is selected, provisions will need to be provided to pump up to 37 mgd from Ina Road 
WRF back to Tucson Water’s Sweetwater facility and the Santa Cruz River fro riparian habitat.  The 
existing reclaim pipeline network does not have sufficient capacity to convey this volume of flow, so a 
new pump station and force main would be required.  To reduce construction costs, this force main should 
be designed and constructed at the same time and in the same trench with the plant interconnect pipeline. 
 
It is further noted that Tucson Water intends to construct additional infiltration basins on City of Tucson 
property along Interstate 1-10 north of Sweetwater Drive.  The placement of the additional basins must be 
considered in the alignment of the plant interconnect pipeline. 

6.5.4.5 Summary of Interconnect Alternatives 
Preliminary designs of Routes 1, 2, and 4 under the “Existing” plan option were developed.  These are 
indicated on Figure 6-23, Figure 6-24, and Figure 6-25.  Pipes were sized according to the capacity 
requirements described above.  Ground elevation profiles were derived from Pima County contour and 
digital elevation map (DEM) data.  Pipe sizes and slopes were set to follow grade to the maximum extent 
practicable.  Siphons were avoided to the maximum extent possible, because they can cause operational 
difficulties.  Nevertheless, all routes will require at least one siphon. 
 
Pipe profiles include information on scouring flows for each segment of pipeline.  This is the minimum 
flow required to maintain a scouring velocity of 2.5 fps in the pipe.  At flows less than the scour flow 
sedimentation is more likely to occur and accumulate within the system. 
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Figure 6-23 
Alternative 1 Plant Interconnect, Existing Sludge Force Main Route Plan 
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Figure 6-24 
Alternative 2 Plant Interconnect, Silverbell Road Route 
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Figure 6-25 
Alternative 3 Plant Interconnect, Combine Alternative 1 and 3 Route 
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Findings of the plant interconnect pipeline analyses is provided in Table 6-8.  Costs were derived using 
the unit costs described in a later subchapter of this chapter.  These are for construction costs only, and do 
not include engineering or contingency costs for purchase of right-or-way or realignment of the existing 
sludge force main in the Route 1 alternative. 
 

Table 6-8 
Summary of Interconnect Alternatives 

Route Pipe Size Cost
(millions) Not Included

Route 1 54" - 66" $18.90 R.O.W. acquisition

Route 2 54" - 66" $29.60

Route 4 54" - 72" $28.00

Route 1 54" - 60" $17.80 R.O.W. acquisition

Route 2 54" - 66" $28.90

Route 4 48" - 66" $25.90

Route 1 66" - 96" $26.70 R.O.W. acquisition

Route 4 72" - 84" $37.10

Existing Plan

Transfer Some

Transfer All

 

6.5.4.6 Interim Solution – Transfer of Additional Flow to Ina Road WRF 
Plant capacity is anticipated to be exceeded at the Roger Road WRF in the year 2011 or 2012.  The plant 
interconnect pipeline should be operational by then, although an interim solution for transferring 
additional flow to Ina Road WRF may be necessary as a contingency.  While not preferable due to the 
limited capacity of the NRI, analyses revealed that as much as 12 mgd of additional flow could be 
diverted from the SRI to the NRI during dry weather.  This capacity for dry weather flow may provide up 
to an additional 6 mgd of transfer flow to Ina Road WRF.  This may serve as an interim solution during 
the design and construction of the plant interconnect pipeline, if needed. 
 
However, this transfer of additional flow should only take place during periods of dry weather.  Wet 
weather flows can quickly exceed the capacity of the NRI contributing to sewer surcharging.  Therefore, 
the diversion of the additional flow would need to be limited to dry weather, or when the NRI has 
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adequate capacity available.  Control of the diversion of flow from the SRI to the NRI may require the 
installation of a set of gate operators and controls to avoid overloading the NRI. 

6.6 Cost Comparisons 
Preliminary cost curves were developed which depict pipe unit costs vs. size.  The result is a family of 
curves with each cost curve representing a uniform level of construction “congestion” (Figure 6-26).  
These cost curves had originally been developed in 2000 for the City of Richmond, Virginia, with the 
nearest ENR Index city being Philadelphia.  These unit costs were converted to the 2006 values of the 
ENR Index city of Dallas, Texas, which represents similar cost factors to Pima County.  Finally, these 
curves were calibrated to match the lowest bid for the construction of the new Santa Cruz interceptor.  
This was done by creating a Tucson ENR Index which was adjusted to obtain a reasonable fit between the 
“semi-congested” cost curve and the lowest construction cost bid tab. 
 

Figure 6-26 
Sewer Construction Cost Curves 

Cost per Linear Foot of Pipe (Adjusted by ENR for Inflation and Geography)
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For expediency in developing cost estimates, pipe costs were simplified into a $/inch*ft basis.  The result 
is a single unit cost for each level of congestion as indicated in  
Table 6-9.  The weighted average value at the bottom of each column was used in the development of all 
sewer costs. 

 
Table 6-9 

Sewer Construction Unit Costs 
$ / (inch*ft)

Dpipe  (in)
Semi-

Congested Congested Open Area

Semi-
Congested 

Rd.
Congested 

Road
8 14.32 18.06 10.22 22.52 25.44
12 13.37 16.76 8.92 20.29 23.08
15 12.58 15.88 8.42 19.17 21.84
18 11.55 14.56 7.78 17.64 20.17
24 10.53 13.08 6.93 15.70 18.07
30 9.74 11.98 6.53 14.28 16.51
36 9.77 11.86 6.43 14.01 16.28
42 10.05 12.05 6.46 14.02 16.33
48 10.20 12.12 6.45 14.00 16.36
54 10.43 12.30 6.53 14.13 16.56
60 10.61 12.44 6.60 14.25 16.74
66 11.06 12.88 6.78 14.66 17.25
72 11.04 12.82 6.75 14.56 17.16
78 11.33 13.09 6.90 14.83 17.50
84 11.91 13.70 7.19 15.46 18.28
90 12.17 13.96 7.36 15.74 18.64
96 12.41 14.19 7.53 16.02 19.00

Weighted Average = $11.26 $13.22 $7.01 $15.18 $17.81  

6.7 Capital Improvement Plan 
The hydraulic analyses and the unit costs development were compiled to develop a CIP for the 
conveyance system over the 25-year planning period.  Recommended system improvements are indicated 
on Figure 6-27.  The 2030 wet weather flow simulation was the primary means of determining which 
sewers would require upsizing.  However, not every pipe expected to flow at over 100 percent of design 
capacity in the year 2030 was recommended for replacement.  From experience it was presumed that 
pipes could carry more than their design capacities with an acceptable amount of surcharging in a 10-year 
event. Only those expected to carry over 125 percent of their design capacity during a 10-year storm and 
having a length of at least 500’ were recommended for replacement. 
 
Corresponding costs are detailed in Table 6-10.  The costs are provided in 2006 dollars and include an 
allowance for engineering at 15 percent and a contingency allowance of 30 percent.  Years in which these 
system improvements are forecast to be constructed are included on the table. 
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Figure 6-27 
Capital Improvement Projects  
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Table 6-10 
Capital Improvement Plan Costs 

Costs 

Project MH Start MH End Year Item Qty. Units Unit 
Cost Constr. 

(X1,000) 
Eng. 

Services 
(X1,000) 

Contingency
(X1,000) 

Total 
(X1,000) 

Type 

4636-30A 4190-05A Replace 18” pipe with 21” $4,350 Congested 
1 

  
2020 

Project 1 Subtotal 
10,336 FT $290.22 $3,000 $450 $900 

$4,350  

6036-21 3979-101 Replace 18” pipe with 24” 1,183 FT $433.58 $513 $77 $150 $740 Congested Road 

3919-01 8031-01 Replace 18” pipe with 24” 5,486 FT $166.33 $913 $137 $270 $1,320 Open Area 2 

  

2015 

Project 2 Subtotal 6,669      $2,060  

8635-11 8635-10 Replace 18” pipe with 21” 620 FT $350.02 $217 $33 $60 $310 Semi-Congested Road 
3 

  
2020 

Project 3 Subtotal 620      $310  

5627-08A 9907-49 Replace 18” pipe with 21” 5,050 FT $376.69 $1,902 $285 $573 $2,760 Semi-Congested Road 
4 

  
2010 

Project 4 Subtotal 5,050      $2,760  

8130-01 1779-02 Replace 30” pipe with 42” 1,153 FT $271.29 $313 $47 $90 $450 Open Area 

9917-20 9910-21 Replace 33” pipe with 36” 5,402 FT $504.30 $2,724 $409 $817 $3,950 Semi-Congested Road 

5667-01 5662-01 Replace 30” pipe with 42” 3,875 FT $588.64 $2,281 $342 $687 $3,310 Semi-Congested Road 

1779-02 5667-01 Replace 30” pipe with 42” 1,415 FT $588.64 $833 $125 $252 $1,210 Semi-Congested Road 

9910-21 9910-19 Replace 36” pipe with 42” 550 FT $506.07 $278 $42 $80 $400 Congested 

5 

  

2015 

Project 5 Subtotal 12,395      $9,320  

8149-05 1726-29 Replace 15” pipe with 21” 3,943 FT $401.46 $1,583 $237 $480 $2,300 Congested Road 

3983-05 8149-05 Replace 15” pipe with 24” 887 FT $376.69 $334 $50 $96 $480 Semi-Congested Road 

1726-29 1726-26 Replace 18” pipe with 24” 1,388 FT $433.58 $602 $90 $178 $870 Congested Road 

1726-26 1726-19 Replace 24” pipe with 30” 3,776 FT $428.37 $1,618 $243 $489 $2,350 Semi-Congested Road 
6 

  

2010 

Project 6 Subtotal 9,994      
$6,000 
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Table 6-10 (Continued) 
Capital Improvement Plan Costs 

 
Costs 

 
Project MH Start MH End Year Item Qty. Units Unit 

Cost Constr. 
(X1,000) 

Eng. 
Services 
(X1,000) 

Contingency
(X1,000) 

Total 
(X1,000) 

Type 

4630-09 4630-02 Replace 21” pipe with 24” 3,013 FT $166.33 $501 $75 $154 $730 Open Area 
7 

  
2015 

Project 7 Subtotal 9,994      $730  

1751-09 1751-01 Replace 18” pipe with 24” 4,712 FT $376.69 $1,755 $266 $529 $2,570 Semi-Congested Road 
8 

  
2010 

Project 8 Subtotal 4,712      $2,570  

8626-01 6804-15A Replace 8” pipe with 15” 100 FT $287.54 $29 $4 $7 $40 Semi-Congested Road 
9 

  
2010 

Project 9 Subtotal 100      $40  

9521-02 9549-05 Replace 15” pipe with 18” 1,006 FT $317.51 $319 $48 $93 $460 Semi-Congested Road 
10 

  
2020 

Project 10 Subtotal 1,006      $460  

  

  
Fully Open Gate at 
Manhole 9910-21 Diversion         

Misc 

1708-22 6804-15A 

2010 

36” Reverse Sewer 2,150 FT $504.00 $1,084 $163 $323 $1,570  

Grand Total $20,819 $3,123 $6,228 $30,170  

 
*Project Numbers referenced on Figure 6-27
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Chapter 7 -  Recommended Treatment Plan 

7.1 Introduction 
The two major wastewater treatment plants, Roger Road WRF and Ina Road WRF, service the 
metropolitan Tucson region and require new construction, reconstruction and expansion at the existing 
plant sites to meet near future regulations and population growth needs.  The existing Roger Road WRF is 
located north and west of the City of Tucson center, and Ina Road WRF is located approximately 5 miles 
northwest of the Roger Road WRF site, both along the Santa Cruz River.  Both plants are located east 
side of the Santa Cruz River and west side of I-10.  Figure 7-1 illustrates the location of the treatment 
plants relative to the Metropolitan Tucson service areas. 
 

Figure 7-1 
Year 2030 Location of Major WRF s Relative to the Metropolitan Tucson Service Area 

 
A new wastewater treatment works without primary treatment is recommended for Roger Road WRF and 
the existing treatment facilities will be decommissioned and demolished once the new WRC is 
operational. It is recommended that the Ina Road WRF facilities be modified to accommodate the 
treatment of transferred wastewater and biosolids from the Roger Road WRF site. 

Ina Road = 198 square miles 
Roger Road = 275 Square Miles 
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A new gravity interconnect pipeline will be constructed between the two plants to transport raw 
wastewater from the Roger Road WRF service area to Ina Road WRF to balance flows between the 
plants. The existing sludge force main between the plants will continue to serve the facilities. Also, a new 
pump station facility will be constructed by Tucson Water to convey reuse water through an existing 
water reuse service distribution system from Ina Road WRF to the existing storage reservoir and pumping 
station facility to meet some reuse water demand. 
 
The metropolitan communities and residential areas are located within close proximity from both 
treatment plants and the population density is expected to increase in the surrounding area within the year 
2030 planning horizon. A 350-foot buffer zone required by ADEQ currently exists at the Ina Road WRF 
and will be maintained throughout planned improvements and expansions.  A 350-foot buffer zone 
required by ADEQ will be maintained between the new WRC and the property lines to serve as a buffer 
area.  A comprehensive odor control system at the treatment facilities is recommended to assure that 
emissions are in compliance with Pima County DEQ Air Quality Permit requirements. 
 
The recommended treatment plant plan for the year 2030 facilities plan includes the following topics: 
 
Â Transportation corridors and other area infrastructure 
Â Land use and area development 
Â Special projects 
Â Location of future treatment expansions 
Â Expansion of treatment infrastructure 
Â Expansion of treatment utilities and utility corridors 
Â Architecture and landscape 
Â Support facilities 
Â Plant storm water plan 
Â Year 2030 master plan layout for selected alternative 
Â Summary 

7.2 Transportation Corridors and Other Area Infrastructure 

7.2.1 Transportation Corridors 
Major road access to both wastewater treatment facilities is from I-10.  Access to the existing and new 
WRC is from the frontage road along I-10 onto Sweetwater Drive, which is near the major intersection of 
I-10 and Prince Road. 
 
Road access to the Ina Road WRF is off of Ina Road, west of the interchange of I-10 and Ina Road.  
Future access to Ina Road is planned to be moved onto the I-10 frontage road to the south of the 
intersection of Ina Road with the interstate highway.  Figure 7-2 illustrates the major transportation 
corridors near the treatment plants. 
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Figure 7-2 
Major Transportation Corridors near Reclamation Plants 

 

7.2.2 Stormwater/Flood Control Planning 
Storm water plans will be developed for the new WRC and modified for the Ina Road WRF to meet the 
Pima County Flood Control District design requirements for onsite detention systems and upholds 
PCRWRD’s philosophy of no off-site discharges of storm water.  The storm water plans will be 
developed in conjunction with detailed designs for each facility and will address storm water issues both 
during construction and post construction.  Each storm water detention system will be designed to hold a 
100-year, two-hour rainfall event on site. 

7.3 Land Use and Area Development 

7.3.1 Current Land Use 
Current land use is limited to the existing treatment facilities at both treatment plant locations, except the 
existing sports complex with baseball diamond at the southeast side of the Ina Road WRF facilities. 

Roger Road WRF

Ina Road WRF
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7.3.2 Future Area Development 
Extraordinary multi-faceted recreational and ecological facilities for use by the region are being studied 
within the corridor from the areas of the new WRC north towards the Ina Road WRF.  The study 
anticipates that the future facilities will be located on the land owned by the City of Tucson, Pima County 
and the State of Arizona.  Figure 7-3 illustrates a possible site plan of the new park development.  Before 
the plan can be finalized the needs of PCRWRD and Tucson Water will need to be incorporated. 
 

Figure 7-3 
Future Area Development Site Plan  

 
 
The plan includes the construction of tournament grade facilities for amateur soccer, softball and baseball 
along I-10 at the site of the Roger Road WRF and the restoration of riparian habitat along the Santa Cruz 
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River.  Walking and biking trails, picnicking areas and other features would connect Columbus Park to 
the new recreational areas and the surrounding communities.  In addition, the plan offers the potential for 
a connection to the Silver Bell golf course to make one large public space for community use.  The 
Transportation Department has plans to improve the intersection of Camino del Cerro and I-10 which 
would greatly improve access to the park site. 
 
The new recreational facilities would have the capacity to attract out-of-region events that in turn would 
support economic development to the area, including hotel, shopping and restaurant facilities.  The 
recreational facilities would include baseball fields, soccer fields and softball fields. 

7.4 Special Projects 
The Tres Rios Del Norte Project Ecosystem Restoration Feasibility study is being conducted by the Corps 
of Engineers with support by Pima County Regional Flood Control District (PCRFCD), City of Tucson 
and City of Marana.  The study covers 18 miles of the Santa Cruz River from Prince Road to North 
Sanders Road and encompasses 19,800 acres.  Objectives of the study are: 
 
Â Ecosystem restoration 
Â Flood damage control 
Â Ground water recharge 
Â Recreation 
Â Cultural resource preservation 

 
The restoration area is divided into three reaches: 
 
Â Price Road north to Ina Road (Reach 1) 
Â Ina Road north to Avra Valley Road 
Â Avra Valley Road north to North Sanders Road 

 
Out of the three reaches, Reach 1 directly involves the effluent discharge from the two major WRFs. 
Reach 1 covers the Santa Cruz River from the Roger Road WRF discharge to the Ina Road WRF 
discharge.  The recommended plan for Reach 1 is to develop cottonwood and willow tree habitat, 
mesquite bosque habitat along with other native plant and shrub species at the edges and to create wetland 
areas in the river bottom.  Wetland areas will have water depths of 6 inches to 9 feet.  The recommended 
plan requires approximately 2 to 7 mgd of effluent water including consumptive and evaporative losses, 
direct precipitation, constructed ground water recharge and channel losses. 

7.5 Location of Future Treatment Expansions 
At the existing Roger Road WRF there is a “green space” on the south side of the existing plant that is 
available to site a new facility to treat 32 mgd of wastewater as well as north of the existing Roger Road 
WRF.  The site south of the existing treatment works would be the new water reclamation facility campus 
(WRC) along Sweetwater Drive on the south side of the existing treatment facilities and west of the 
existing Tucson water reclaimed water filtration plant, reservoir and pumping station operations.  The 
location along Sweetwater Drive meets the regulatory requirements for 350-foot setbacks using City of 
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Tucson owned land.  The plan maximizes the availability of public land for alternative uses such as new 
sports complex, enables upstream discharge to the Santa Cruz River to sustain riparian habitat and locates 
operations adjacent to the existing and future reclaimed water operation.  The site to the north of the 
existing treatment works would be located adjacent to the Santa Cruz River and removed from existing 
operations.  Further, the site to the north can expand on the environmental theme for future park 
consideration.  Because of the constrictions issues and integration with the future park theme the north 
site is recommended.  The costs to construct at the either the north site or south site are considered 
similar.  The recommended plan at Roger Road WRF is for a new WRC without primary sedimentation 
tanks.  The existing facilities will continue operations until the new facilities are commissioned and then 
the existing facilities will be demolished. 
 
Figure 7-4 illustrates the recommended new facilities without primary treatment at Roger Road WRF. 
Figure 7-5 illustrates the extent of demolition of the existing Roger Road WRF facilities after new 
treatment plant is operational.  Figure 7-6 illustrates the site plan for future expansion of facilities 
capacity by 50 percent beyond the year 2030. 
 

Figure 7-4 
New WRC – 32-mgd Facility 
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Figure 7-5 
Demolition After New WRC Construction 
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Figure 7-6 
Roger Road WRF Future Expansion Beyond Year 2030 

 
 
At Ina Road WRF the future facilities will treat 50 mgd of wastewater and will become the centralized 
location for handling and treatment of biosolids.  The recommended plan includes addition of new 
facilities and rehabilitation of the existing facilities while maintaining the existing 350-foot setback and 
includes space for the addition of biosolids processing facilities for future production of Class A 
biosolids. 
 
Figure 7-7 illustrates the recommended the year 2030 facility at Ina Road WRF.  Figure 7-8 illustrates 
site plan with the space required beyond the year 2030 for expansion of both the wastewater and biosolids 
treatment capacity by 50 percent.  This plan would utilize some of the County-owned property at the 
sports park south of the existing plant. 
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Figure 7-7 
Ina Road WRF 50-mgd Site Plan for Year 2030 

 
* Site requested by Tucson Water for their facilities. 

Tucson Water* 
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Figure 7-8 
Ina Road WRF 50-mgd Site Plan with Future Expansion Beyond Year 2030 

 

7.6 Expansion of Treatment Infrastructure 
For the new WRC, located north of the existing plant a new influent pumping station will be constructed 
adjacent to the new facility.  A new effluent discharge structure and effluent transport conduits will be 
constructed south of the existing effluent discharge line. 
 
For the expanded facilities at Ina Road WRF, the existing influent flow split structure will be modified to 
distribute the flow to existing primary clarifiers as well as to new primary clarifiers.  The existing flow 
split structures from primary effluent throughout the secondary treatment system will also be modified.  A 
new effluent discharge structure will be constructed to handle the effluent from the disinfection system 
and outfall conduit. 
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7.7 Expansion of Treatment Utilities and Utility Corridors 

7.7.1 Power Supply 
Roger Road WRF:  The plant is presently served by a 2400 volt, 3-phase, 3-wire delta ungrounded 
electrical service from Tucson Electric Power Company.  The utility service drop consists of 3-500kVA 
transformers feeding a Main Switchgear that is configured in a hot sequence arrangement with six fusible 
contactors.  2400 volt power is distributed to Power Centers and transformers throughout the site.  The 
Power Centers and transformers step the voltage down to 480 volts, 3-phase on the secondary to feed 
Motor Control Centers. The majority of the secondaries are connected delta ungrounded.  Motor control 
centers are configured in a Main-Tie-Main circuit breaker arrangement with one main served from the 
utility source and the other from the plant generators.  The MCCs provide power to the plants process 
equipment loads and supporting systems. 
 
The plant generators consist of 3-400kW, 480 volts, 3-phase, 3-wire delta ungrounded natural/methane 
duel fuel engine driven generators.  The generators may be operated in parallel or totally isolated from 
each other.  Generator power is distributed via three switchboards with feeder breakers serving individual 
motor control centers. 
 
The existing power distribution system will remain to serve the existing plant with minor alterations made 
to provide power to interim and temporary plant improvements. 
 
New Water Reclamation Campus:  The new WRC will be served with a new power distribution system.  
The new system will have redundant power sources.  This may consist of one utility source and on site 
power generation for backup.  The primary distribution system will consists of 13.8kV Switchgear 
configured in a Main-Tie-Main circuit breaker arrangement.  Redundant 13.8kV, 3-phase power feeders 
will be distributed throughout the site.  Pad mount transformers will be provided with 480 volt, 3-phase, 
4-wire wye connected secondaries to serve Switchgear and Motor Control Centers.  Other secondary 
voltages may be provided as required to serve large motor loads (Pumps, Blowers, etc.).  Switchgear and 
Motor Control Centers will be configured in a Main-Tie-Main circuit breaker arrangement.  The overall 
system will be designed with the flexibility to serve loads at startup and possible future expansions. 
 
Ina Road WRF:  The plant is served from two utility sources with multiple service drops and on site 
generators.  The original treatment plant constructed during the 1970's and the Centrifuge Building added 
in the 1980's is powered by the generators at the plant power generation facility.  The plant expansion is 
powered from three separate TEP incoming utility electric services. 
 
The plant power generation system consists of seven 650kW, 4160 volts, 3-phase generators connected in 
parallel to 4.16kV Switchgear “A/B”.  The existing plant power generation system utilizes sludge gas and 
purchased natural gas as a fuel source (see Chapter 5 for discussions and recommendations regarding the 
future use of sludge gas).  Switchgear feeder breakers distribute power to six outdoor unit substations and 
three 400 horsepower Oxygen Compressors.  The unit substations are connected delta-wye with their 
secondaries rated 480-volts, 3-phase.  The secondary of each unit substation serves a close coupled walk-
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in aisle 480-volt switchboard with the exception of the two at the Centrifuge Building.  The Centrifuge 
Building unit substations serves a motor control center directly from the secondaries of the substation 
transformers.  Those configured with secondary switchboards distribute power to motor control centers 
and other utilization equipment. 
 
The three TEP incoming utility electric services are located at the Headworks, New RAS/WAS Pump 
Station and the Blower Building.  TEP provides incoming power at 13.8kV, 3-phase that is stepped down 
at each location to the required utilization voltages using Plant owned transformers and unit substations. 
 
A unified power distribution system will be implemented as the plant is expanded.  The unified system 
will feature redundant power sources.  This will consist of dual utility sources, on site generators or 
combinations of both.  The three existing utility services will ultimately be decommissioned and the 
equipment combined into the new distribution system.  The new distribution system will be similar to that 
described for the new WRC  The exception being the implementation of 4160V distribution equipment 
for utilizing the existing on site generators if reused in the future plant expansions. 

7.7.2 Potable Water Supply 
Potable water is supplied to the treatment plants by the City of Tucson.  A new potable water supply 
network will be provided for the new WRC and the existing potable water system will be 
decommissioned upon startup of the new facilities. 

7.7.3 Reuse Water Supply 
The new WRC will be located north of the existing facilities, which will be demolished.  A new reuse 
water supply system with new pump station will be constructed by Tucson Water to provide reuse water 
from the new effluent disinfection facilities to their operation. 
 
At the Ina Road WRF a reuse water system will be constructed to supply reuse water to the water 
distribution network.  If Class A+ reuse water is produced at the Ina Road WRF, then a new supply, 
reservoir system, disinfection system and distribution piping will be constructed by Tucson Water on a 
parcel of land provided by Pima County. If Class B+ reuse water is produced then Tucson Water would 
have to add filtration to its operation at the site. Pima County has not committed to the actual location of 
the property to be provided to Tucson Water.  Source of the reuse water will be disinfected plant effluent. 

7.7.4 Plant Air Supply 
A new plant air supply system will be provided for the new WRC facilities.  The existing plant air supply 
system at the Ina Road WRF will be upgraded to facilitate the needs for the expanded future facilities. 

7.8 Architecture and Landscape  
Existing facilities consist of a wide variety of architectural styles and landscape types, reflecting 
independent decisions made at each plant expansion.  Through the year 2030 planning horizon, 
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architectural and landscaping design will be guided by a single architectural and landscape theme to 
harmonize the existing and new facilities consistent with the new land use plan. 
 
Objectives of the architectural and landscape plan are to conceal process and mechanical components, to 
control off-site view-sheds, and to unify architecture and landscaping throughout the WRFs.  Most of the 
treatment components are basins, and their walls extend only a few feet above grade.  Several associated 
buildings house treatment systems, equipment and personnel. The architectural and landscape plan 
integrates these elements in a style that reinforces the public friendly concept and the important role of the 
wastewater treatment in environmental protection and water reclamation. 
 
Roger Road WRF will be a new facility constructed adjacent to a public space open for recreation and 
community sports activities.  Architectural features and desert landscape developments provide a public 
friendly image and reflect a water campus concept.  Use of indigenous materials and energy conserving 
building systems will be integrated into the design of the facilities. 

7.8.1 Personnel Facilities  
The Personnel facilities will include the required quantities of offices, conference rooms, miscellaneous 
storage and lunchrooms.  Toilet and locker rooms will be designed for future staff level requirements.  
The Personnel facilities for the new WRC will be new facilities, planned to incorporate Plant Laboratory 
functions as well.  The existing Ina Road WRF will be assessed and rehabilitated or expanded. 

7.8.2 Maintenance Facilities  
Maintenance facilities for the Roger Road WRF will be new facilities, designed in conjunction with the 
new WRC and tailored to meet the identified needs.  The existing Ina Road WRF will be assessed and 
revised as needed to accommodate planned plant expansion requirements. 

7.8.3 Laboratory Facilities  
A new central laboratory will house appropriate laboratory area functions for regulatory compliance 
analysis to be performed.  The central laboratory function will be combined with personnel functions in a 
new facility to be located at or near the new WRC. 
 
There is also a need for plant laboratory space for routine, unit process monitoring of operations.  Such 
plant lab spaces will be incorporated into structures adjacent to and serving the various unit processes at 
the new WRC.  Existing plant lab spaces at the Ina Road WRF has been assessed in the past with the 
County deciding to build a new central laboratory.  Additional plant laboratory spaces will be provided in 
structures adjacent to and serving the various unit processes associated with expansion facilities. 

7.8.4 Parking  
Adequate parking space will be allocated at each plant for employees, visitors and plant vehicles.  
Covered parking is required for employees and visitors vehicles at both Ina Road WRF and Roger Road 
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WRF.  Maintenance vehicle parking space adjacent to process facilities and other plant buildings does not 
necessarily need to be covered. 

7.9 Support Facilities  
Support facilities will each be designed with massing, shape and materials to harmonize with the other 
structures at each location, as well as with the predominant textures, colors and forms of the surrounding 
landscape. 

7.9.1 SCADA System 
The County has decided to have a central SCAD Control Center for their entire wastewater system.  
Actual location has not yet been determined by the County.  The general instrumentation and process 
control concept at Roger Road WRF and Ina Road WRF is to provide three levels of control. 
 
Â Field or local control at the equipment or field device  
Â Process control for all equipment and devices located within specific process areas 
Â System or central control through a distributed control system 

 
At the field or local level a control panel will be provided to control or monitor each piece of equipment 
or field device.  Control at this level will be used for equipment or system interface, equipment 
maintenance and for intermittent process operations. 
 
At the process level a control panel will provide process control and monitoring capabilities for a specific 
process area or system.  Process control may control several pieces of equipment that are interrelated for 
that process area or operating unit.  The process panel may be located in a central area of a specific 
process or system area.  The process panel will provide equipment status, alarms, control devise and 
process measurements. 
 
Central control will be through a distributed control system.  The control system will have established 
hierarchy to place control priorities for limiting equipment control to one location at a time and 
incorporating the highest priority at the equipment location and the lowest priority through the distributed 
control system. 
 
The systems at Ina Road WRF will be expanded to operate under the above operational control concept.  
The new WRC will be provided with a fully integrated and functional instrumentation and control system. 
 
Electrical power usage will be monitored in different areas of plants.  A comprehensive equipment 
tagging for equipment, valves, field devices and signals will be established and coordinated with the 
instrumentation and control system. 
 
The Central SCADA Control Center will also monitor all the security elements to be incorporated with 
the new or expanded facilities. 



Pima County Regional Wastewater Reclamation Department 
Tucson, Arizona 

Pima County Regional Optimization Master Plan 

Regional Optimization Master Plan 
Final Report 

Chapter 7 – Recommended Treatment Plan 
 

7-15 
J:\Projects\Pima Co WM\05302-ROMP\06 Gen Studies-Rpts\6.1 Report\Final Report\Complete Report_07Nov26_Rev2.doc 

7.9.2 Odor Control 
The odor sources in the wastewater works may be broadly divided into two categories, wastewater 
collection system and wastewater treatment plant. Main odor sources from the collection system are 
manholes, drop structures, siphons, pump station wet wells and discharges from the wastewater transport 
pipelines.  Major odor sources from the treatment plant include headworks, screen and grit facilities, 
pump station wet wells, splitter boxes, primary clarifiers, aeration tanks and sludge treatment and 
handling facilities. 
The year 2030 plan will provide a long-term solution for potential odors from both collection system and 
wastewater treatment plants.  The odor control measures will include: 
 
Â Minimize odor potential in the collection system with pH adjustment, oxygen addition, chemical 

addition, etc. 
Â Cover the openings and channels in the treatment processes properly 
Â Collect and treat the odorous air 
Â Disperse the treated air into the atmosphere in the way to minimize the odor impact to the 

surrounding communities 

7.9.3 Chemical Handling  
Chemical handling includes storage, preparation, metering and delivering chemicals used in the 
wastewater treatment processes.  Chemicals for laboratory functions are not included in this chapter.  
Chemical addition is a critical part of certain processes, while it enhances others.  Areas where chemicals 
are introduced into the wastewater treatment systems and processes are: 
 
Â Wastewater Treatment:  Sodium hypochlorite is added into the return activated sludge system or 

surfaced sprayed on the aeration basins to control nuisance microorganisms, such as Nocardia. 
 
Â Effluent Disinfection:  Currently, sodium hypochlorite is added to the plant effluent for 

disinfection.  Sodium bisulfite is added at the end of the contact basins to de-chlorinate any 
residual chlorine in the plant effluent prior to its release to the receiving stream. The future 
effluent disinfection technology for the plants may change and alter the chemicals applied. 

 
Â Sludge Thickening:  Polymer is added to the sludge as a coagulant to optimize performance of the 

thickening process. 
 
Â Sludge Dewatering:  Polymer is added to the digested sludge as a coagulant to optimize the 

performance of the dewatering centrifuges. 
 
Â Odor Control:  Currently, sodium hydroxide and sodium hypochlorite and granular activated 

carbon are used for odor control at various locations around the wastewater treatment sites.  Future 
odor control systems may employ scrubber technologies that use these chemicals.  The System 
Wide Odor Control Plan provides odor control system recommendations. 
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For purposes of handling, delivery and storage chemical systems will need to be centralized to the extent 
practicable at each of the plant sites.  Chemicals will be stored in appropriate containers with secondary 
containment where appropriate and necessary. 

7.9.4 Security 
Onsite security system will include perimeter fencing, controlled plant access and egress, internal access 
controls and management of personnel onsite, including staff, vendors and visitors.  Electronic 
surveillance will be employed to monitor critical areas of the facilities via SCADA.  The security plan 
will include emergency response plans for man-made threats and natural disasters. 

7.10 Plant Stormwater Plan 
Stormwater detention systems for the facilities at Roger Road WRF and Ina Road WRF are required by 
Pima County Regional Flood Control District and must be maintained.  The storm water plan must meet 
the Pima County Regional Flood Control District design requirements for onsite detention systems and 
upholds the philosophy of off-site discharges.  The storm water detention system will be designed to hold 
a 100-year, two-hour rainfall event on site. 

7.11 Year 2030 Master Plan Layout for Selected Alternative 
Figure 7-9 and Figure7-10 illustrate the year 2030 master plan layout for the facilities at Roger Road 
WRF and Ina Road WRF, respectively. 

Figure 7-9 
Roger Road WRF – Year 2030 Master Plan Layout 
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Figure 7-10 
Ina Road WRF – Year 2030 Master Plan Layout 

 
Legend: 
1. Existing Warehouse 15. Existing Chlorination Buildings 
2. Existing Administration Building 16. Existing Digesters 
3. Existing Primary Clarifiers 17. New Digesters 
4. Existing Blower Building 18. Existing Sludge Thickeners 
5. New Primary Clarifiers 19. Existing Vacuum Filtration Building 
6. New Aeration Tanks 20. Existing Activated Sludge Reactor 
7. Existing Aeration Tanks 21. Existing Oxygen Production 
8. New Sludge Thickeners 22. Existing Centrifuge Building 
9. Existing Secondary Clarifiers 23. Extension to Centrifuge Building 
10. New Secondary Clarifier 24. New GBT Thickening Building 
11. Existing Headworks 25. Existing Sludge Storage Basin 
12. Existing Chlorine Contact Basin 26. New Disinfection Facilities 
13. Existing Energy Recovery Building 27. Pima County Industrial Waste 

    14. Existing Training Center        28.    Tucson Water Facilities (not shown 

7.12 Conceptual Basis of Design 
A conceptual Basis of Design was prepared for the expansion upgrade of Ina Road WRC and the new 
WRC.  The report is included in Appendix I 
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7.13 Summary 
The recommended treatment plant plan for the year 2030 provides a Water Reclamation Campus adjacent 
to the existing Roger Road site and, upgrades and expansion of the existing plant at Ina Road.  This will 
affect many aspects of the existing treatment facility features as summarized below. 
 
Â New infrastructure to be constructed and existing infrastructure to be expanded or upgraded 
Â Expansion of infrastructure to accommodate increased flows to be handled at both plant locations 
Â Provision for new and/or expansion of utilities including power, potable water and plant air 

supply. 
Â Provision for new and/or expansion of water reuse facilities by Tucson Water 
Â Reshaped transport corridors, and storm water and flood control measures  
Â New multi-faceted recreational, commercial and ecological development in the vicinity of the 

existing Roger Road WRF. 
Â Ecosystem restoration and creation of riparian habitat in the Santa Cruz River 
Â Provision for future expansion beyond the year 2030 at both treatment facilities 
Â Architecture and landscape amenable to public friendly image
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Chapter 8 -  Regional Facility Overview 

8.1 Introduction 
Wastewater generated within the conveyance boundaries tributary to Roger Road WRF and Ina Road 
WRF is collected and treated by the metropolitan facilities (Roger Road WRF, Ina Road WRF and 
Randolph Park WRF).  Non-Metro facilities serve wastewater treatment needs outside the metropolitan 
service area boundaries.  The outside areas are referred to as the Non-Metro regions.  The Non-Metro 
regions are experiencing rapid population expansion.  Growth is projected to continue for years, thereby 
increasing influent flow into PCRWRD’s collection/treatment systems.  PCRWRD recognizes the value 
of long-range planning in making timely, cost effective decisions regarding the Non-Metro facilities.  
Thus, PCRWRD has commissioned this study to identify the optimal strategy for the Non-Metro 
facilities’ treatment of current and projected wastewater flows. 
 
Data presented in this chapter draws upon information provided from PAG and presented in the 2006 
Facility Plan.  The Facility Plan documents the long-range facility planning process for PCRWRD 
establishing the capital improvement needs for the next 25 years based on the regulatory, expansion and 
rehabilitation requirements.  Non-Metro facility information for this study is compiled from a series of 
facilitated workshops consisting of PCRWRD staff, consultants and other stakeholders, as well as several 
previous planning and engineering efforts performed for, or by the PCRWRD.  This chapter describes 
Non-Metro facilities and proposes their incorporation into Non-Metro schemes, and locations for Non-
Metro treatment facilities. 

8.2 Non-Metro Facility Evaluation 
Pima County’s Non-Metro regions include facilities operated by PCRWRD and by others.  The facilities 
addressed in this chapter correspond to the eastern half of Pima County and a small portion of Pinal 
County.  Existing PCRWRD operated facilities include: 
 
Â Arivaca Junction Wastewater Reclamation Facility 
Â Avra Valley Wastewater Reclamation Facility 
Â Corona de Tucson Wastewater Reclamation Facility 
Â Pima County Fairgrounds Wastewater Reclamation Facility 
Â Green Valley Wastewater Reclamation Facility 
Â Marana Wastewater Reclamation Facility 
Â Mt. Lemmon Wastewater Reclamation Facility 
Â Rillito Vista Wastewater Reclamation Facility 

 
Facilities located in the Non-Metro region but not operated by PCRWRD include: 
 
Â Arizona Sonora Desert Museum 
Â Sahuarita 
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The proposed or existing non-PCRWRD operated facilities not examined within the ROMP include: 
 
Â Adonis 
Â Ajo Improvement Co. 
Â Arizona State Prison  
Â Lukeville 
Â Milagro Subdivision 
Â MTC 
Â Organ Pipe Cactus National Monument 
Â Saguaro Ranch Guest Ranch 
Â Sahuarita High School Wetlands 
Â University of Arizona Science and Technology Park 
Â US Forest Service – Palisades Ranger Station 

 
Key issues addressed during this evaluation include: 
 
Â Examine PCRWRD and non-PCRWRD operated facilities 
Â Determine current and future facility influent flows  
Â Determine current and future facility biosolids handling, treatment, and disposal 
Â Determine current and future facility effluent water reuse 
Â Determine Non-Metro regions 

8.2.1 PCRWRD Operated Facilities 
PCRWRD maintains and operates wastewater treatment facilities within the City of Tucson, South 
Tucson, Oro Valley, Marana, Green Valley, and non-incorporated areas.  The following chapters evaluate 
each PCRWRD operated Non-Metro facility.  Each evaluation includes a description of the facility, 
treatment process, permits, effluent, biosolids, and outlook.  The following lists the resources used to 
complete the evaluation. 
 
Â Description – Facility descriptions discuss location, current population served, service area, 

permitted treatment capacity, and average daily influent flows. 
− Location obtained from the Facility Plan and the 2005 PAG Effluent Generation and 

Utilization document. 
− Current population served obtained from 2005 PAG Effluent Generation and Utilization 

document. 
− Service areas are the approximate areas serviced by the current treatment facility and are 

described by the PAG Section 208 Areawide Water Quality Management Plan.  Figure 
8-1 shows eastern Pima County’s wastewater treatment facility service basins and service 
areas from PCRWRD MapGuide Sewer Maps (December 2006). 

− Permitted treatment capacity values obtained from Arizona Department of Environmental 
Quality (ADEQ) documents provided by PCRWRD. 

− Average Daily Influent Flow determined by calculating the 2006 average daily flow.  It is 
noted that the Non-Metro wastewater treatment facilities, just as the metropolitan 
wastewater treatment facilities, experience winter peaks and summer lows. 

 



Pima County Regional Wastewater Reclamation Department 
Tucson, Arizona 

Regional Optimization Master Plan 

Regional Optimization Master Plan 
Final Report 

Chapter 8 – Regional Facility Overview 

 

8-3 
J:\Projects\Pima Co WM\05302-ROMP\06 Gen Studies-Rpts\6.1 Report\Final Report\Complete Report_07Nov26_Rev2.doc 

Â Treatment Process –Processes for each facility compiled from the 2006 Metro Area Facility Plan 
Update, PAG 208, Pima County Effluent Generation/Utilization Plan, and PCRWRD staff. 

 
Â Permits – Reported permits supplied by PCRWRD staff. 

 
Â Effluent – Effluent data provided by the Facility Plan, the 2005 PAG Effluent Generation and 

Utilization Report, and by PCRWRD staff. 
 
Â Biosolids – Biosolids data provided by the Facility Plan and PCRWRD staff. 

 
Â Outlook – This chapter presents outlooks for the Non-Metro treatment facilities based on current 

and planned activities.  The facility outlooks were developed from data provided by PCRWRD 
staff, the Facility Plan, Facility Expansion Plans, and, in Avra Valley’s case, the draft Southwest 
Infrastructure Plan (SWIP). 
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Figure 8-1  
Eastern Pima County Treatment Facility Service Areas (FASL-Feet above Sea Level) 
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8.2.1.1 Arivaca Junction Wastewater Reclamation Facility  
Arivaca Junction Wastewater Reclamation Facility is located in unincorporated Pima County 3,080 feet 
above sea level (FASL) on the southern border of Pima County approximately 30 miles south of Tucson 
just east of Interstate 19.  Arivaca Junction WRF’s service area consists of 323 lots of approximately 840 
people and is entirely residential.  The facility has a permitted treatment capacity of 0.1 mgd (maximum 
daily flow average of 60,000 gallons per day) and treated an average daily influent flow of 0.059 mgd in 
2006 (59% capacity). 
 
Process 
Arivaca Junction WRF contains a single 3.2-acre, 13-ft deep, unlined aerated facultative stabilization 
pond (side slope of 3:1) with two surface aspirating aerators/mixers. 
 
Permits 
Arivaca Junction WRF currently holds an Aquifer Protection Permit (P-100640) and a Type 2 Reclaimed 
Water General Permit (R105345) for Class C effluent.  The facility’s groundwater point of compliance is 
located approximately 400 feet southeast (down gradient) of the wastewater treatment pond. 
 
Effluent 
Effluent disposal for Arivaca Junction WRF is through percolation, evaporation, and reuse.  Percolation is 
approximately 0.010 mgd while evaporation ranges from 0.007 to 0.014 mgd.  The facility is classified 
for Class C reclaimed water as regulated by a valid Reclaimed Water Permit.  A reuse agreement for 
delivery of the Class C effluent for restricted agriculture use is in place with nearby Reventone Ranch.  
Prior to effluent delivery to the adjacent ranch, it is disinfected through the addition of sodium 
hypochlorite.  The effluent is not metered and is discharged approximately once every 6 weeks taking 
approximately 5 days with an average flow of 350 gallons per minute. 
 
Biosolids 
The procedure for biosolids is to scrape from one lagoon when necessary and haul to a landfill. 
 
Outlook 
Arivaca Junction WRF expects to close once construction of the gravity sewer line between Arivaca 
Junction WRF and Green Valley WRF is completed.  Wastewater flow from Arivaca Junction WRF will 
be transported to Green Valley’s facility for treatment.  Completion of the gravity sewer line is scheduled 
for 2007/2008. 
 
Aerial photos of Arivaca Junction WRF’s sewer basin and plan view are on Figure 8-2. 
 
 



Pima County Regional Wastewater Reclamation Department 
Tucson, Arizona 

Regional Optimization Master Plan 

Regional Optimization Master Plan 
Final Report 

Chapter 8 – Regional Facility Overview 

 

8-6 
J:\Projects\Pima Co WM\05302-ROMP\06 Gen Studies-Rpts\6.1 Report\Final Report\Complete Report_07Nov26_Rev2.doc 

Figure 8-2 
Arivaca Junction Wastewater Reclamation Facility 

 



Pima County Regional Wastewater Reclamation Department 
Tucson, Arizona 

Regional Optimization Master Plan 

Regional Optimization Master Plan 
Final Report 

Chapter 8 – Regional Facility Overview 

 

8-7 
J:\Projects\Pima Co WM\05302-ROMP\06 Gen Studies-Rpts\6.1 Report\Final Report\Complete Report_07Nov26_Rev2.doc 

8.2.1.2 Avra Valley Wastewater Reclamation Facility 
Avra Valley WRF is located in unincorporated Pima County 2,382-FASL in a rapidly growing area about 
20 miles southwest of Tucson in southern Avra Valley, north of Hwy 86 (Ajo Way) and east of Three 
Points.  The facility serves about 12,104 people in 2005 and is located on a 138-acre parcel of Pima 
County owned land.  The current service area is roughly four miles to the north, south, west and three 
miles to the east from the center of the intersection of Hwy 86 (Ajo Way) and San Joaquin Road.  The 
service area is about 70% rural residential and the other 30% is made up of federal and state land, urban 
residential, industrial, commercial, and multiple use.  Avra Valley WRF treated an average daily influent 
flow of 1.079 mgd in 2006 (49% of the available 2.2 mgd capacity). 
 
Process 
Avra Valley WRF’s treatment process is a BNROD and consists of a flow equalization basin, an 
oxidation ditch, two secondary clarifiers, four sludge-drying beds, and four percolation basins.  Sewage 
enters the facility through a lift station where it is discharged to a screening channel.  Influent is then 
equalized in a 0.37 million gallon basin and flows to a 1.33 million gallon oxidation ditch (1.6 mgd 
permitted treatment capacity as of January 26, 2007.  Prior to 2008, an additional 0.6-mgd capacity will 
be added.).  The process is based on extended aeration, nitrification, and de-nitrification within the 
oxidation ditch by cycling the aeration on and off. 
 
Permits 
Avra Valley WRF currently holds an Aquifer Protection Permit (P-100642), Type 2 Reclaimed Water 
General Permit (R105498) for Class B+ effluent. 
 
Effluent 
Effluent is primarily disposed of through percolation, evaporation and plant irrigation reuse, and spraying 
into the Black Wash only when needed.  Future use of the effluent is proposed for a riparian restoration 
project developed by PCRWRD, Pima County Regional Flood Control District, and other stakeholders. 
 
Biosolids 
Waste activated sludge mixed liquors flow into the secondary clarifiers from the oxidation ditches via a 
distribution box where the sludge settles and further processes produce Class B+ effluent.  Sludge from 
the clarifiers is sent to two gravity thickeners and hauled by tanker truck to the nearest sewer tributary to 
Roger Road WRF.  Four sludge drying beds are available for emergency use. 
 
Outlook 
Avra Valley WRF is the only facility located within the County’s SWIP report.  The Southwest region 
has been identified as an area of rapid population growth and County planners commissioned the SWIP 
report to assist in decision-making related to development of the Southwest area’s infrastructure 
(including wastewater infrastructure, transportation, parks and recreation, and flood control).  Within the 
SWIP, the phasing, financial impacts, and funding possibilities are discussed.  In regards to the Southwest 
region’s wastewater infrastructure, the SWIP concludes the majority of the wastewater collection and 
conveyance system has enough capacity for current peak wet weather flow but requires expansion and 
upgrades to accommodate proposed future flows in the conveyance system. 
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The PCRWRD Avra Valley WRF Expansion Plan recommends two concurrent expansion projects, the 
first is to increase current 1.6 mgd BNROD capacity to 2.2 mgd through interim improvements and the 
second is to have a dual oxidation ditches online and permitted to treat 4.0 mgd by 2009.  Current design 
improvements include a new inlet gravity sewer and influent lift station, headworks modifications, two 
BNRODs, clarifiers, continuous backwashing deep bed filters, ultraviolet disinfection, and sludge holding 
equipment with an area to provide sludge treatment in the future.  A study to determine optimum 
biosolids processing for both the existing BNROD and new BNROD for the site is currently underway. 
Avra Valley WRF also plans to treat effluent to Class A+ treatment requirements prior to discharge to 
percolation basins and/or the Black Wash spray fields. 
 
Aerial photos of Avra Valley WRF’s sewer basin and plan view are on Figure 8-3. 
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Figure 8-3 
Avra Valley Wastewater Reclamation Facility 
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8.2.1.3 Corona de Tucson Wastewater Reclamation Facility  
Corona de Tucson WRF is located in unincorporated Pima County 3,090-FASL and is located 
approximately 15 miles south of Tucson in an area that is currently rural but facing very rapid population 
growth.  The plant site is northwest of the intersection of Sahuarita Road and Houghton Road.  A 2000 
census showed a population of 993 for the Traffic Analysis Zones in which the service area is located.  
Almost half of the service area is residential with the other half consisting of specific plan, multiple use, 
and commercial areas.  The facility has a permitted treatment capacity of 1.3 mgd and average daily 
influent flows for 2006 were 0.135 mgd (10% capacity). 
 
Process 
Sewage enters Corona’s WRF through a gravity interceptor, then through a Parshall flume flow-metering 
chamber.  The sewage then flows into a series of “splitter manholes” dividing the flow between the two 
concrete-lined stabilization ponds of 3.3- and 3.7-acres with an average operating depth of 4-feet.  Ponds 
can be operated in series or parallel.  The treated water overflows from the stabilization ponds into the 
10.2-acre evaporation pond with a 6.1-acre unlined SAT pond used as a recharge basin. 
 
Permits 
The facility has an APP (P100644) for discharge to the SAT basins. 
 
Effluent 
Effluent discharges to a plastic lined evaporation pond. 
 
Biosolids 
Biosolids removed from the plastic lined evaporation ponds when needed. Dewatering solids to 4% to 6% 
before transferring to the County conveyance system, Roger Road WRF, Ina Road WRF, Green Valley 
WRF, or other location should be investigated. 
 
Outlook 
Corona de Tucson WRF is also in an area of rapid population growth and the facility recently placed two 
new, 0.5 mgd permitted, closed loop reactors to be online in mid 2007.  The existing lagoons will remain 
online as backup capacity.  The new WRC will include new headworks, Parshall flume, RAS/WAS 
station, polymer storage, sludge holding tanks, a sludge pump, and a mechanical/electrical/ administration 
complex.  Effluent will be disposed of via the SAT basins regulated by the facility’s APP.  Biosolids will 
be pumped to the facility’s sludge holding tanks before being hauled and discharged into the South East 
Interceptor to Roger Road WRF for final processing and disposal at the Ina Road WRF biosolids 
processing facility. 
 
Corona de Tucson WRF’s service basin and facility are shown on Figure 8-4. 
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Figure 8-4 
Corona de Tucson Wastewater Reclamation Facility 
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8.2.1.4 Green Valley Wastewater Reclamation Facility 
Green Valley WRF is located in Sahuarita,790-FASL south of Tucson along the east side of the Santa 
Cruz River.  The facility served about 17,469 people in 2005.  The facility was built in 1964, expanded in 
1972, 1981, and 2004.  The 2004 expansion included the addition of a 2.0 mgd treatment train utilizing 
BNROD and increased the total capacity to 4.1 mgd ADWF.  The 2.0 BNROD process is the primary 
form of treatment and the facultative pond system is used as a backup.  The Green Valley service area 
covers both the east and west sides of Interstate 19 and serves primarily the community of Green Valley 
and parts of the Town of Sahuarita.  Land use in the service area is primarily residential with some 
commercial.  Most of the property serviced is on the west side of the Santa Cruz River.  The service area 
has an east-west width ranging from one to four miles and covers approximately 9.5 miles north of south, 
starting just below Twin Buttes Road and extending past Duval Mine road.  The facility has a permitted 
treatment capacity of 4.1 mgd (2.0 mgd BNROD and 2.1 mgd aerated lagoons) and treats an average daily 
influent flow of 1.764 mgd in 2006 (43% capacity). 
 
Process 
Green Valley WRF is split into two processes.  The first is a 2.1 mgd Class B effluent producing process.  
It consists of two trains of primary and secondary aerated lagoons followed by two effluent 
maturation/settling lagoons and four percolation basins.  The second process is a 2.0 mgd BNROD Class 
A+ effluent producing process.  The BNROD process operates on an extended aeration, nitrification, and 
denitrification process within the oxidation ditch by cycling the aeration on and off.  Flows greater than 
BNROD’s capacity are directed to the aerated lagoons and polishing ponds. 
 
Permits 
Green Valley (GV) WRF’s APP (P100629), issued on July 1, 2003, require discharge monitoring to be 
performed at the point of discharge to the percolation beds and the Santa Cruz River as well as reuse and 
recharge areas.  Groundwater monitoring is required at the point of compliance wells GV-01 and GV-02.  
Type 3 Reclaimed Water General Permit (R105574) allows direct reuse of Class B+ (Lagoons) and Class 
A+ (BNROD with filtration) effluent.  AZPDES (AZ0024937) allows discharge into the Santa Cruz 
River. 
 
Effluent 
Effluent is disposed of through percolation, reuse, and delivery.  PCRWRD has a contract to deliver up to 
1 mgd of Class A+ and B effluent to Robson/Quail Creek Inc. 
 
Biosolids 
Green Valley WRF is the only Non-Metro facility with biosolids treatment and disposal capacity.  The 
sludge is thickened, digested, and dried (Class A biosolids) before being utilized as a mine tailing 
reclamation product at the ASARCO Mines. 
 
Outlook 
Green Valley WRF will be treating flow from the Arivaca Junction WRF’s treatment area once the 
gravity sewer main is completed (completion is developer driven and is not expected before 2009/2010).  
The gravity sewer corridor transferring flow from Arivaca Junction WRF to the Green Valley WRF is 
shown on Figure 8-5. 
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Green Valley WRF’s service area and facility are also shown on Figure 8-6 
 

Figure 8-5 
Gravity Sewer Corridor from Arivaca Junction WRF to the Green Valley WRF 

 
 
 



Pima County Regional Wastewater Reclamation Department 
Tucson, Arizona 

Regional Optimization Master Plan 

Regional Optimization Master Plan 
Final Report 

Chapter 8 – Regional Facility Overview 

 

8-14 
J:\Projects\Pima Co WM\05302-ROMP\06 Gen Studies-Rpts\6.1 Report\Final Report\Complete Report_07Nov26_Rev2.doc 

Figure 8-6 
Green Valley Wastewater Reclamation Facility 
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8.2.1.5 Marana Wastewater Reclamation Facility  
Marana Wastewater Reclamation Facility (WRF) is located in unincorporated Pima County 1,910-FASL 
one-half mile north of Marana Road, one mile west of Luckett Road, and one-half mile east of the Santa 
Cruz River.  The facility served about 2,616 people in 2005.  Marana WRF is located in an agricultural 
area owned by Pima County since 1980.  The facility currently serves a relatively small area in Marana.  
Marana WRF is under expansion to serve the rapidly growing northwest area with 66% residential small 
and medium lots, 12% of the service area corresponds to a specific plan, and only 0.4% is zoned 
commercial.  Marana WRF serves areas north and south of Grier Road and developments south of Moore 
Road and east of Sanders Road.  The facility has a permitted treatment capacity of 0.7 mgd and treats an 
average daily influent flow of 0.19 mgd in 2007 (27% capacity). 
 
Process 
Marana WRF started treatment via two facultative/evaporation ponds (FEPs) in 1986.  Accelerated 
development of the Marana area began in 2000 and continues.  Additional treatment capacity was 
provided.  The western FEP was closed and the eastern FEP has been converted into an emergency 
influent storage basin and is lined with soil cement. 
 
The current wastewater treatment system includes a headworks and a 3-inch Parshall flume with a 
maximum capacity of 1.1 mgd.  To provide wastewater treatment for the accelerated development, three 
0.05 mgd biological nutrient removal package plants began operation at the end of 2001 and a fourth was 
added in 2005 providing a treatment capacity of 0.2 mgd.  The four package plants will be supplemented 
with a 0.5 mgd “Biolac” activated sludge treatment system, as an interim treatment process.  The Biolac 
will be used as a supplemental treatment capacity until the new 1.5 mgd facility is constructed.  The four 
package plants have been taken off line and will be eventually moved elsewhere in the system. 
 
Effluent discharges into a high-density polyethylene (HDPE) lined effluent storage pond and disinfected 
with chlorine.  Odorous air from the treatment of process is collected and treated in an in-ground biofilter 
located onsite. 
 
Permits 
Marana WRF operates according to APP (P100631) issued on November 22, 2006, AZPDES 
(AZ0024520), and a Type 2 Class B+ Reclaimed Water General permit (R100631).  The APP and 
AZPDES apply to the point downstream of effluent chlorination and upstream of the point of discharge to 
the Santa Cruz River and the reuse area.  The Reclaimed Water permit applies to irrigation of the Marana 
Riparian Habitat Restoration site and for irrigation on facility vegetation. 
 
Effluent 
Effluent is reused onsite through landscape irrigation or for a riparian habitat restoration project or 
discharged to the Santa Cruz River.  Class B+ effluent is produced through a Biological Nutrient Removal 
process and a chlorination and de-chlorination disinfection process. 
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Biosolids 
Marana WRF collects sludge in sludge storage tanks before transporting it to Ina Road WRF for 
processing. Dewatering solids 4% to 6% before transfer to the County conveyance system, Ina Road 
WRF, or other location should be investigated. 
 
Outlook 
The Traffic Analysis Zone data used to project population has indicated that the Marana WRF area 
population would increase rapidly; however the actual population growth in the area has lagged 
significantly behind the TAZ data projections.  The service area is expanding to match the area’s growth 
and eventually the facility will require expansion to provide capacity beyond the currently planned 1.5 
MGD expansion.  Possible flows for inclusion to Marana WRF’s future capacity are the Rillito Vista 
WRF and the Continental Ranch Wastewater Pumping Station.  An evaluation of the economic feasibility 
of expanding Marana WRF to include Rillito Vista WRF and the Continental Ranch Wastewater Pumping 
Station’s wastewater.  Design of a new 1.5 mgd BNROD facility is being completed, but future 
construction is not currently scheduled.  Once BNROD construction is complete, the existing package 
plants should be evaluated to determine their remaining life and application for future projects.  Plans to 
relocate two of the existing package plants to a proposed restoration project, the Canoa Ranch Water 
Reclamation Facility, south of Green Valley WRF have been proposed. 
 
Marana WRF’s service area and facility are shown on Figure 8-7. 
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Figure 8-7 
Marana Wastewater Reclamation Facility 
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8.2.1.6 Mount Lemmon Wastewater Reclamation Facility 
Mt. Lemmon WRF is located in unincorporated Pima County 8,310-FASL in the small community of 
Summerhaven on Mount Lemmon, north of Tucson.  The facility was constructed in 1982 to end 
wastewater discharges into the Sabina Creek Watershed.  The service area is primarily residential.  The 
area was severely impacted by the 2003 Aspen fire destroying most of the buildings in Summerhaven.  
Mt. Lemmon WRF’s service area is limited by Pima County’s agreement with the USFS restricting the 
number of lots and the discharge limit to the spray field.  The facility serves 47 lots as of 2005 and will 
acquire 30 more sewer front accessible properties.  The facility treats an average of 12,500 gpd which is 
approximately 15% of design capacity. 
 
Process 
The Mt. Lemmon WRF consists of a closed loop reactor followed by chlorination-dechlorination units.  
The facility is the only treatment plant in Pima County experiencing freezing temperatures and is entirely 
enclosed. 
 
Permits 
Mt. Lemmon WRF also has an APP (#P100345), and a Special Use Permit (SAN0139) issued by the 
United States Forest Service.  The APP regulates General Type 4 discharges to the local aquifer via 
sprayfield irrigation of vegetation on US Forest Service land. 
 
Mt. Lemmon WRF received an AZPDES permit (AZ0022250) enabling backup discharge to three 
outfalls into receiving waters of unnamed washes all tributary to the San Pedro River and San 
Pedro/Wilcox Playa River Basin on February 10, 2006.  The AZPDES permit and authorization to 
discharge expires on December 31, 2010.  The receiving waters (unnamed washes) have the following 
designated uses. 
 
Â Aquatic and Wildlife ephemeral (A&We)  
Â Partial Body Contact (PBC) 

 
The AZPDES permit is issued for a period of five years. 
 
Effluent 
Treated effluent from the Mt. Lemmon WRF is disposed of via sprayfield irrigation onto forest 
vegetation, or is disposed of using underground pipelines leading to three combined outfalls; both are 
regulated by the facility’s AZPDES permit.  The AZPDES permit states only treated effluent will be 
discharged to the unnamed wash if freezing or inoperable conditions of the sprayfield exist. 
 
Biosolids 
Sludge is deposited into the County conveyance system (manhole 8716-03) for transport and treatment at 
the Ina Road WRF and further processing at the Regional Biosolids Facility. Dewatering solids 4% to 6% 
before transfer to the County conveyance system or other location should be investigated. 
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Outlook 
PCRWRD, the County Department of Environmental Quality and the United States Forest Service 
(USFS) are working together on the Mt. Lemmon Service Area Watershed and Wastewater Management 
Plan, and the study is currently underway.  This plan hopes to identify the conditions and circumstances 
existing in and around the Mt. Lemmon community, and the significant issues and challenges involved in 
planning wastewater systems.  The study is anticipated to be completed in 2008. Due to its location and 
limited service, Mt. Lemmon WRF will most likely continue to be a stand alone facility in the future.  
 
Mt. Lemmon WRF’s current service area and facility are shown on Figure 8-8. 
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Figure 8-8 
Mt. Lemmon Wastewater Reclamation Facility 
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8.2.1.7 Pima County Fairgrounds Wastewater Reclamation Facility  
The Fairgrounds WRF is located 3,010-FASL approximately 18 miles southeast of Tucson at the county 
fairgrounds south of Interstate 10 and west of Houghton Road.  Pima County Fairgrounds WRF serves 
only the fairgrounds for the Pima County Fair and for various events throughout the year.  The 
Fairgrounds has measurable flow in the month of April when the Pima County Fair is held.  The facility 
has a permitted treatment capacity of 0.035 mgd. 
 
Process 
The Fairgrounds WRF consists of two primary stabilization ponds and an overflow pond.  Flow is split or 
directed into a stabilization pond via a manual splitter device. 
 
Permits 
The facility has an APP for the three facultative ponds. 
 
Effluent 
The Fairgrounds WRF does not discharge effluent. 
 
Biosolids 
Biosolids are dried, scraped, and hauled to a landfill when necessary. 
 
Outlook 
Flow originating from the Pima County Fairgrounds can be transferred once a conveyance structure 
connecting the Fairgrounds to the South East Interceptor, or other location is completed.  Such a 
conveyance structure has not been included in any Capital Improvement Plan budget to date but is under 
long term consideration. Currently, a basin study is underway to assess the Southlands sewer basin, which 
includes the Fairgrounds WRF.  Possible alternatives to be considered include a conveyance structure 
connecting the Fairgrounds to the South East Interceptor or connection to another future facility that 
would support the entire Southlands basin. 
 
PC Fairground’s service area and facility are shown on Figure 8-9. 
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Figure 8-9 
Pima County Fairground Wastewater Reclamation Facility 
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8.2.1.8 Rillito Vista Wastewater Reclamation Facility  
Pima County’s Rillito Vista WRF is located in unincorporated Pima County 2,130-FASL on land owned 
by Arizona Portland Cement, northwest of Tucson, between Avra Valley Road and Tangerine Road, and 
between Interstate 10 and the Santa Cruz River.  The facility serves 156 people based on the average 
owner-occupied rate published in the Pima County Sonoran Desert Conservation Plan (SDCP) Housing 
Report.  Rillito Vista WRF’s service area boundary corresponds to the Rillito Vista subdivision northwest 
of Tucson.  The area is entirely rural and serves 60 lots.  The facility has a permitted treatment capacity of 
0.02 mgd and treats an average daily influent flow of 0.012 mgd in 2006 (60% capacity). 
 
Process 
The treatment method for this area consists of two stabilization/evaporation/percolation ponds.  One pond 
is in use while the adjacent pond is dried and scraped before returning to service. 
 
Permits 
The facility has a general APP (P100636). 
 
Effluent 
The facility does not discharge effluent. 
 
Biosolids 
Biosolids are dried, scraped, and hauled for disposal via landfill. 
 
Outlook 
Rillito Vista WRF is operated by PCRWRD on land leased from the Arizona Portland Cement Company 
and treatment should be transferred to a treatment location on County owned property as soon as a 
conveyance structure connecting the service area to a facility for treatment is completed (Marana WRF or 
Ina Road WRF).  Continued operation on leased land reduces the County’s control in providing reliable 
treatment for its customers. 
 
Rillito Vista WRF’s service area and facility are shown on Figure 8-10. 
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Figure 8-10 
Rillito Vista Wastewater Reclamation Facility 
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8.2.2 Non-PCRWRD Operated Facilities 
The two non-PCRWRD operated facilities discussed in this chapter include the Arizona Sonora Desert 
Museum and Sahuarita, however many smaller ones exist. Should any of these non-PCRWRD-operated 
entities relinquish their wastewater treatment responsibility, PCRWRD may become responsible for 
providing treatment to meet current and future governmental regulations.  PCRWRD is aware of other 
developer built and operated non-PCRWRD facilities.  These are usually in the form of small package 
plants.  This report recognizes the existence of small developer facilities, but they are not individually 
identified.  The western Pima County communities including Ajo, Why, and Lukeville treat wastewater 
via their own systems and their operations are not expected to change by a significant amount within the 
next 25 years.  Therefore, the western Pima County communities, and small developer built and operated 
facilities are not included in the Non-Metro scheme. 

8.2.2.1 Arizona Sonora Desert Museum Wastewater Treatment Facility 
The Arizona Sonora Desert Museum (ASDM) wastewater facilities have been turned over by Pima 
County to Westland Resources Inc. for operation. The service area consists of the facilities belonging to 
the ASDM only.  ASDM facilities operate according to the Aquifer Protection Permit (P100628) with a 
maximum monthly average domestic wastewater flow of 0.015 mgd and consists of settling tanks, a flow 
equalization basin, subsurface leach beds, recirculating sand filter and disposal trenches with sludge 
hauled to the Butterfield Landfill for disposal. 

8.2.2.2 Sahuarita Wastewater Treatment DMA 
The Town of Sahuarita became a Management Agency responsible for treatment of the incorporated area 
in 1999.  Its service area is west of Santa Cruz River and south of Pima Mine Road and serves the 
residential areas of the Rancho Resort and Rancho Sahuarita development.  Sahuarita is permitted for a 
capacity of 0.25 mgd with a current flow of 0.2 mgd.  Treatment of Sahuarita wastewater is performed via 
a biodenitrification process using oxidation ditches.  Effluent is discharged to on-site rapid infiltration 
basins.  Solids are digested and placed on sludge drying beds for dewatering prior to transport to the 
Tangerine Landfill. 

8.2.3 Non-Metro Regions 
Current facility influent flows are increasing primarily for Marana WRF, Avra Valley WRF, and Corona 
de Tucson WRF.  Projected flow increases at these facilities range from 250 to nearly 3,000 percent. 
Many of the Non-Metro facilities will be treating over 1.0 mgd by 2010 with all facilities treating more 
than 1.0 mgd by 2020.  2030 flow projections for these Non-Metro facilities range from 2.1 to 10.5 mgd. 
 
Consolidating treatment into Non-Metro facilities offers advantages over treating wastewater at many 
satellite facilities.  These advantages include: 
 
Â Reduced capital investment due to economies of scale: Consolidation reduces the average 

cost/gallon of wastewater treated when expanding an existing facility or constructing a new one. 
 



Pima County Regional Wastewater Reclamation Department 
Tucson, Arizona 

Regional Optimization Master Plan 

Regional Optimization Master Plan 
Final Report 

Chapter 8 – Regional Facility Overview 

 

8-26 
J:\Projects\Pima Co WM\05302-ROMP\06 Gen Studies-Rpts\6.1 Report\Final Report\Complete Report_07Nov26_Rev2.doc 

Â Increased operations and maintenance efficiency: Consolidation reduces the amount of time a 
“roaming” operations crew spends traveling between satellite facilities.  Chemicals may be 
purchased in bulk, delivered to one location, and stored at one location for use. 

 
Â Increased treatment reliability: Larger flows experienced at a consolidated facility buffers 

treatment disruption due to flow and loading fluctuations more effectively than at a smaller 
facility. 

 
A Non-Metro treatment facility must be located in an area where the consolidation effort provides benefit 
over the continued operation at many satellite facilities.  This chapter evaluates the Non-Metro areas for 
possible Non-Metro treatment facility locations. 
 
Five sewer basins make up the Non-Metro area regions: Northwest, Southwest, South, Southeast, and 
Mountain.  The following describe the objectives for determining each region’s boundaries. 
 
Â Separate topographically confined areas – Some Non-Metro facilities serve populations in 

topographically separated areas.  Conveying wastewater to or from these locations would require a 
significant investment in time, energy, and money far greater than expanding or upgrading the 
current facilities to meet future regulations, flow and loading needs of the area served. 

 
Â Convey wastewater via gravity – Many of the configuration alternatives are eliminated by 

considering flow conveyance by gravity only.  Conveying flows up gradient requires additional 
investment in pump and lift stations, energy to run these systems, and operations and maintenance 
for these systems.  A pipeline of sufficient slope to achieve a minimum scour velocity of 2.5 feet 
per second is required.  This report examined conveying flows to locations where a minimum 
slope of ten (10) feet per mile was possible.  Note, however, eliminating pump and lift station 
construction for an entire Non-Metro region is unlikely.  In some instances, guiding flow to 
treatment locations to meet minimum travel velocities and overcome topographical boundaries 
may require the construction of pump and/or lift stations. 

 
Â Limit conveyance line distances – PCRWRD is committed to eliminating problem odors 

emanating from the conveyance system in an effort to improve quality of life within the 
community.  These odor problems are exacerbated in a number of ways due to long conveyance 
structures.  Long conveyance structures lead to long residence times increasing the chance for the 
wastewater to become septic.  The region’s warm climate leads to increased chemical and 
biochemical activity and reactions releasing malodorous compounds.  The longer wastewater 
travels before reaching a wastewater treatment facility the greater the chance for these odors to be 
released into the air and an odor issue to arise.  Thus, to mitigate future odor problems, 
conveyance line distance should be minimized. 

 
Â Avoid conveyance line construction in areas of sparse population – Construction of conveyance 

structures in locations of projected populations allows the County to offset capital costs by 
collecting connection fees from developers.  Connection fees may be used as a credit against the 
cost of development, or collected as payment to defer capital construction costs.  This constraint 
requires locating the conveyance structure in an area of actual development.  An accurate 
prediction for the location of future development is critical and trusted population 
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projection/distribution data must be utilized.  Construction of conveyance systems in densely 
populated areas can result in a substantial increase in construction costs.  Other disadvantages to 
constructing conveyance lines through the metropolitan area include economic disruptions for 
businesses and travel disruptions for commuters.  Thus, the option of routing flow from remote 
areas through the densely populated metropolitan area to the regional treatment facilities is 
eliminated. 

 
Figure 8-11 shows the five conceptual Non-Metro regions. 
 

Figure 8-11 
Non-Metro Regions 

 
 
It should be noted that the boundaries of these conceptual regions may exclude locations of future 
tributary flow that could be conveyed to a Non-Metro treatment facility.  It is important to remember 
these boundaries are simply conceptual and have been formed by including existing sewage systems, 
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areas of proposed rapid population expansion, and excluding national parks, protected areas, Non-Pima 
County designated management areas, adjacent counties, and areas of where providing sewerage service 
would currently be considered economically infeasible. 

8.2.3.1 Northwest Region 
The Northwest region currently includes the Marana and Rillito Vista facilities and could include 
Continental Ranch Wastewater Pumping Station (CRWWPS) flow via gravity; however, no conveyance 
structure connecting the two has been designed or constructed.  Marana’s existing facility location is 
down-gradient of much of the projected service area population, whereas Rillito Vista WRF is bounded 
by privately owned property and resides on land leased by the Arizona Portland Cement Company up-
gradient of much of the proposed population.  CRWWPS is situated within the town of Marana (12 miles, 
point to point, from Marana) down-gradient of Ina Road and up-gradient of Rillito Vista and Marana.  
Due to location, land availability, effluent reuse possibilities, and PCRWRD’s invested time and capital, 
Marana’s facility will become the Northwest Region’s Non-Metro treatment facility and expand to meet 
treatment demands. 

8.2.4 Southwest Region 
The Southwest region’s projected development poses an interesting opportunity for Pima County.  Avra 
Valley WRF is the only facility serving this region, and is currently undergoing significant upgrades to 
address capacity needs.  Because of these upgrades and coupled with the fact that the Avra Valley facility 
is located down-gradient from much of its projected service area, the Avra Valley facility will serve as the 
Southwest Non-Metro facility.  This creates an opportunity for Pima County to proactively implement its 
goals for thoughtful growth and development in this area of the County.  Fundamentally, this Southwest 
region could become the model for Pima County for managing “smart” growth policies, which bring 
long-term quality of life benefits to the citizens of the area. 

8.2.5 South Region 
Completion of the gravity sewer line in 2007/2008 will mark the end for the aerated lagoons of Arivaca 
Junction WRF and the beginning of the transfer of flow to the Green Valley WRF, the South Region’s 
Non-Metro facility.  Class C effluent delivery to Reventone Ranch will cease and partial reuse of Arivaca 
Junction WRF’s wastewater may occur pending acceptance of a proposition to construct a water 
reclamation facility in the Canoa Ranch vicinity to ‘scalp and treat’ flow providing highly treated effluent 
for the habitat in the area.  PCRWRD has already invested in a 2.0-mgd BNROD facility and plans on 
providing additional treatment via an additional 2.0-mgd BNROD process by 2010 (providing a total 
treatment capacity of 4.0 mgd).  Green Valley WRF’s current activities have positioned the facility to 
become the South Non-Metro wastewater reclamation facility. 

8.2.6 Southeast Region 
The Southeast region consists of two Non-Metro facilities, a future facility and the Corona de Tucson 
WRF.  Due to the recent investment in the Corona de Tucson WRF, the facility will expand to provide 
service for its area until construction of the future facility and individual conveyance lines connecting 
Corona de Tucson WRF to the future facility is complete.  The conveyance line capacity from Corona de 
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Tucson WRF to Southlands WRF will be designed to include upstream 2030 projected flows and be 
located in areas of projected development to allow funding to be defrayed from connection fees.  A future 
study must be conducted to determine whether the Corona de Tucson WRF should be phased out or 
converted to a water reclamation facility providing treated effluent to local customers. 

8.2.7 Mount Lemmon Region 
Mt. Lemmon WRF will continue operation as a stand-alone facility and flows will not be incorporated 
into a regional facility due to its remote location. 
 
Figure 8-12 shows PCRWRD’s current and future Non-Metro treatment facilities. 
 

Figure 8-12 
Current and Future Non-Metro Reclamation Facilities 

 

8.3 Summary 
The Non-Metro facilities were constructed to meet wastewater treatment demands for smaller Non-Metro 
developments.  The treatment technologies are varied and require various levels of maintenance and 
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repair.  As developments were constructed, the Non-Metro facilities offered centralized treatment for the 
areas generating wastewater, supporting the County’s growth and development.  When the Non-Metro 
facilities were initially constructed, wastewater treatment consolidation to the regional facilities (Roger 
Road WRF and Ina Road WRF) from these areas was not an optimal solution because it would have 
required long stretches of conveyance structures transporting relatively low flows from areas of little 
population.  Initial treatment processes at the Non-Metro facilities consisted of relatively simply operated 
and maintained aerated lagoons.  As populations increased, PCRWRD sought to improve nutrient 
removal providing the environment with higher quality of effluent.  Thus, a shift towards oxidation 
ditches, closed loop reactors, and package plants occurred.  The wastewater treatment level, and 
operations and maintenance of these activated sludge systems have since proved to be beneficial and a 
significant amount of time and capital has been invested in the activated sludge systems.  
 
This chapter summarizes the current and planned activities for each of PCRWRD’s operated Non-Metro 
facilities and identified five Non-Metro regions for probable Non-Metro facility locations: Northwest, 
Southwest, South, Southeast, and Mountain. The next chapter discusses the recommended flow 
management for the Non-Metro facilities for the 25-year planning period, building upon what PCRWRD 
has already prepared and constructed. 
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Chapter 9 -  Non-Metro Facilities’ Strategic Management Plan 

9.1 Introduction 
The PCRWRD currently operates and maintains eight Non-Metro wastewater treatment facilities.  This 
chapter draws upon preceding conveyance system evaluation (Chapter 6) and Non-Metro facility 
overviews (Chapter 8), as the basis for recommending flow management for the Non-Metro regions.  The 
recommended flow management plan for the Non-Metro areas are in support of the recommended overall 
treatment strategy and recommended treatment plan.  This chapter discusses the following topics. 
 
Â Current and future influent flows, biosolids, and effluent 
Â Current treatment technologies and future requirements 
Â Non-Metro facility treatment technology options and recommendations 
Â Non-Metro facility layout recommendations 

 
Descriptions of the Non-Metro facilities are provided in Chapter 8.  The Non-Metro facilities include: 
 
Â Arivaca Junction WRF 
Â Avra Valley WRF 
Â Corona de Tucson WRF 
Â Green Valley WRF 
Â Marana WRF 
Â Mt. Lemmon WRF 
Â Pima County Fairgrounds WRF 
Â Rillito Vista WRF 

9.2 Current and Future Influent Flows, Biosolids, and Effluent 
Treatment technology selection requires an understanding of the influent flows and characteristics, 
desired level of biosolids treatment, effluent quality, client needs, and existing treatment technologies.  
The Non-Metro region’s growth projections were obtained and reviewed to assist in determining the 
optimal treatment process for the Non-Metro facilities.  The recommendation draws upon information 
gathered from a series of facilitated workshops consisting of PCRWRD staff, consultants and other 
stakeholders, as well as several previous planning and engineering efforts performed for or by the 
PCRWRD. This chapter discusses: 
 
Â Influent flows and characteristics 
Â Biosolids handling, treatment, and disposal 
Â Effluent quality and water reuse 

9.2.1 Influent Flows and Characteristics 
Future wastewater flows for the Non-Metro facilities were based on population projections obtained from the 
PCRWRD Facility Plan and PAG TAZ data.  This data was agreed upon between the City of Tucson and 
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Pima County Wastewater Management’s Resolution of Population and Effluent Variances (Joint 
Memorandum).  Population projections examined the current population on septic systems and assumed these 
populations would continue their septic service.  All new population would be sewered (wastewater flow 
transported to a PCRWRD operated treatment facility) unless they were located in areas of sparse 
development where service by PCRWRD would be economically infeasible.  Flow was then calculated for 
five year increments using the sewered population and multiplying by the gallon per capita per day factor of 
85. 
 
Facility influent flows are currently increasing for nearly all the Non-Metro facilities.  Projected flow 
increases at these facilities range from 250 to nearly 3,000 percent.  Many of the Non-Metro facilities will 
be treating over one mgd by 2010 with all facilities (excluding Mt. Lemmon WRF) treating more than one 
mgd by 2020.  2030 flow projections for these Non-Metro facilities range from 2.1 to 10.5 mgd 
(excluding Mt. Lemmon WRF).  The future dry weather flow projections calculated from the population 
projections are presented in Table 9-1. 
 

Table 9-1 
Non-Metro Facility Average Daily Dry Weather Flow Projections (mgd)1 

Facility 2006 2010 2015 2020 2025 2030 % 
Increase

Avra Valley WRF 2 1.08 1.4 1.8 2.2 2.6 3.0 280 
Corona de Tucson WRF 2 0.14 0.5 0.9 1.3 1.7 2.1 1500 

Green Valley WRF 3  1.76 2.7 3.1 3.6 4.0 4.4 250 
Marana WRF 2 0.15 1.6 2.3 3.0 3.7 4.4 2900 

Mt. Lemmon WRF 4 0.013 0.013 0.013 0.013 0.013 0.013 - 
Southlands WRF 2 - 1.2 3.6 6.0 8.2 10.5 875 

1. Flow from Arivaca Junction WRF, Pima County Fairgrounds WRF, and Rillito Vista WRF lagoon 
facilities’ will be conveyed to Non-Metro facilities at a later date and future flow projections for these 
areas are included in the Non-Metro facilities’ future flow projections 

2. Future flows from PCRWRD’s Facility Plan (TAZ) 
3. Future flows from PAG 
4. Future flow projection is assumed to be constant due to the agreement between PCRWRD, the County 

Department of Environmental Quality (DEQ), and the USFS 
 
Future flow projections, developed in PCRWRD’s Metro Area Facility Plan Update (Facility Plan) and 
discussed in Chapter 8, for Non-Metro facilities are summarized in Table 9-2. 
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Table 9-2 
Non-Metro Facility Flow Projections (mgd)* 

Facility 2010 2015 2020 2025 2030 
Avra Valley WRF 1.4 1.8 2.2 2.6 3.0 

Corona de Tucson WRF 0.5 0.9 1.3 1.7 2.1 
Green Valley WRF  2.7 3.1 3.6 4.0 4.4 

Marana WRF 1.6 2.3 3.0 3.7 4.4 
Southlands  1.2 3.6 6.0 8.2 10.5 

 
Determination of future Non-Metro influent design wastewater characteristics allows for the selection of a 
treatment alternative with the capabilities of properly treating the range of loadings the wastewater 
treatment facility may experience. 
 
For purposes of wastewater treatment system evaluation for the Non-Metro facilities, influent wastewater 
characteristics were developed based on the Roger Road WRF, Ina Road WRF and Non-Metro facility 
influent wastewater characteristics.  The influent wastewater characteristics used for evaluation of the 
Non-Metro facilities are listed in Table 9-3. 
 

Table 9-3 
Non-Metro Facility Influent Wastewater Characteristics 

Characteristic Non-Metro Facility Influent 
Concentrations (mg/L) 

BOD5 300 
sBOD5 125 
COD 590 
TSS 270 
VSS 220 
TKN 57 
TP 10 

9.2.2 Biosolids Handling, Treatment, and Disposal 
The Non-Metro facilities store their biosolids before transporting it to one of the regional facilities, except 
Green Valley WRF provides on-site biosolids treatment and disposal.  At Green Valley WRF sludge from 
the secondary clarifiers is sent to two gravity thickeners before being dried on sludge drying beds to 
produce Class A biosolids.  Class A biosolids can be used for a number of different options, including 
cover material for landfills or for mine tailings reclamation.  Currently, Green Valley WRF, Pima County, 
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and the University of Arizona have entered into an agreement with Asarco Mines to use biosolids for 
reclamation of its mine tailings. 
 
Biosolids from Mt. Lemmon WRF and Marana WRF are stored and transported to the influent of the Ina 
Road WRF.  Biosolids from Avra Valley WRF is mixed with the sewage tributary to Roger Road WRF to 
be treated and digested before being transferred to Ina Road regional processing facility for transfer to a 
disposal site.  Biosolids from Rillito Vista WRF, Corona de Tucson WRF, and Pima County Fairgrounds 
WRF are dried, scraped, and hauled to a landfill as necessary. 
 
Non-Metro facility biosolids production is approximated by assuming 2,800 dry pounds per day of raw 
biosolids produced per mgd flow treated.  Current tpd produced and handling, processing, and disposal 
methods for each Non-Metro facility are shown in Table 9-4. 
 

Table 9-4 
Current Non-Metro Facilities’ Biosolids Production/Handling, Processing, Disposal 

Current Biosolids  

Location Produced 
(tpd) Handling, Processing, Disposal 

Arivaca Junction WRF 0.09 Dried, Scraped, Hauled to Landfill 

Avra Valley WRF 2.20 Storage, hauled and transported to conveyance system 
Corona de Tucson 
WRF 0.16 Dried, Scraped, Hauled to Landfill 

Green Valley WRF 5.70 GBTs, Aerobic Digesters, BFPs, Drying, Sent to Asarco 
Mines 

Marana WRF 0.28 Storage, hauled and transported to conveyance system 

Mt. Lemmon WRF 0.02 Storage, hauled and transported to conveyance system 

PC Fairgrounds WRF 0.004 Dried, Scraped, Hauled to Landfill 

Rillito Vista WRF 0.01 Dried, Scraped, Hauled to Landfill 
Total 8.46  
 
Chapter 5: Biosolids provides information regarding existing Class B regional biosolids processing and 
disposal methods, Class B and Class A biosolids requirements, available markets, process alternatives for 
Class A production at the regional facilities, and biosolids processing recommendations in more detail. 
 
The current recommendation for biosolids handling, processing, and disposal at the Non-Metro facilities 
is for thickening and hauling of biosolids to continue until an extensive market study is completed 
producing an optimal biosolids processing strategy as discussed in the biosolids chapter of this study.  
The future Non-Metro facilities’ biosolids production and handling, processing, and disposal 
recommendation are shown in Table 9-5. 
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Table 9-5 
Future Non-Metro Facilities’ Biosolids Production/Handling, Processing, Disposal 

Future Biosolids*  

Produced (tpd) 
Location 

2010 2015 2020 2025 2030 
Handling, Processing, Disposal (2030) 

Arivaca Junction 
WRF - - - - - Flow transferred to Green Valley WRF 

Avra Valley WRF 1.96 2.52 3.08 3.64 4.20 Thicken/haul to interceptor for discharge 

Corona de Tucson 
WRF 0.70 1.26 1.82 2.38 2.94 Store/haul to interceptor for discharge 

Green Valley WRF 3.78 4.34 5.04 5.60 6.16 
GBTs, Aerobic Digesters, BFPs, Drying, 

Sent to Asarco Mines 

Marana WRF 2.24 3.22 4.20 5.18 6.16 
Thicken/haul to Ina Road Digester for 

processing 

Mt. Lemmon WRF 0.003 0.003 0.003 0.003 0.003 Thicken/haul to interceptor for discharge 

PC Fairgrounds 
WRF 

Current practice until flow is 
transferred Flow transferred to SEI 

Rillito Vista WRF Current practice until flow is 
transferred Flow transferred to Marana WRF 

Southlands WRF 1.68 5.04 8.40 11.48 14.70 Master plan is under development 

Total 10.36 16.38 22.54 28.28 34.16  
*Market study will determine future plans for all facilities’ biosolids handling, processing, and disposal 

9.2.3 Effluent Quality and Water Reuse 
Pima County’s treated effluent is increasing in value.  Due to the large population growth and a limit to 
the amount of available water, communities are interested in water reuse programs as a means to augment 
their potable water consumption.  Some Non-Metro communities have shown interest in obtaining the 
rights to their wastewater via purchase and operation of the local wastewater treatment facility and this 
could be a future trend in Pima County.  Current and future effluent quality and water reuse for the area is 
discussed below to assist in determination of the optimal Non-Metro system configuration. 

Quality 
Determining the desired effluent quality is an important component for selection of a proper treatment 
technology.  Effluent quality is determined by government regulations, existing permits, and the County’s  
desired level of treatment.  Government regulations have become increasingly more stringent with respect 
to effluent quality.  The Non-Metro areas are required to follow the regulations set forth in the AAC Title 
18 Chapter 9 Part B and the rules of the individual facility’s respective permits.  An evaluation of the 
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Non-Metro facilities’ current permits has been summarized in Chapter 2.  PCRWRD desires wastewater 
treatment quality standards for all facilities that will meet current and future regulations at each facility. 
 
The recommended Non-Metro treatment alternative must comply with future government regulations, 
improve the discharged effluent quality, and standardize wastewater effluent quality for all facilities.  
Neither current nor future (2014/2015) PCRWRD Pima County AZPDES Permits require phosphorus 
removal.  However, PCRWRD’s commitment to provide a higher quality effluent has prompted 
PCRWRD to include the goal of a total phosphorus (TP) limit of < 1 mg/L as a part of the Regional 
Optimization Master Plan.  Effluent quality parameters are summarized in Table 9-6. 
 

Table 9-6 
Effluent Quality Parameters 

Parameter Effluent Quality 
BOD5 < 6 mg/L 
TSS < 10 mg/L 

Ammonium as Nitrogen (NH4-N) < 1 mg/L 
TN < 10 mg/L; Design <8mg/L 
TP < 1 mg/L 

Pathogen removal No detect in 4 of 7 samples per week.  
None exceeding 23 cfu/100ml 

pH 6.8 – 7.2 

Water Reuse 
Currently, PCRWRD operated facilities have varying classes of treated effluent and various disposal 
and delivery methods.  Table 9-7 summarizes the current permitted effluent utilization for the Non-
Metro facilities. 

Table 9-7 
Summary of the Non-Metro Facilities’ Current Permitted Water Reuse* 

Current Water Reuse 

Facility Permit Use 

Arivaca Junction 
WRF Class C Reventone Ranch (Agriculture) 

Avra Valley WRF Class B+ Spray Field Disposal 

Green Valley WRF Class A+ Robson/Quail Creek, Inc. (Turf Irrigation) 

Marana WRF Class B+ Santa Cruz River Discharge and Plant Turf Irrigation 

Mt. Lemmon WRF USFS Permit Spray Field Disposal 
*Non-Metro facilities not mentioned here do not currently utilize effluent 
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Future prediction of water reuse begins by identifying the type(s) of uses that will be pursued and the 
types of customers.  A reclaimed water system may grow as a way to augment the potable water supply 
with non-potable water.  As Pima County’s Non-Metro population continues to grow and the supply of 
potable water stays constant or possibly diminishes, water reuse will become necessary.  Popular water 
reuse ideas for this area include turf irrigation and riparian restoration. 
 
Turf Irrigation 
Turf irrigation includes irrigation for areas such as golf courses and public/private parks.  The Water 
Conservation in Pima County document states City of Tucson, Pima County, Marana, and Oro Valley 
have ordinances requiring the use of reclaimed water on new golf courses where feasible.  The ability to 
use reclaimed water depends on the ability to connect to the reclaimed water distribution system.  An 
existing reclaimed water piping system delivers reclaimed water to many areas of the eastern Pima 
County region.  Golf courses outside of the existing reclaimed water distribution area would need to 
connect to the system at their cost. 
 
Riparian Restoration 
An element of the Sonoran Desert Conservation Plan includes riparian restoration.  The City of Tucson 
and Pima County have come to the agreement to reserve up to 10,000 acre-feet of treated effluent per year 
for approved riparian projects. 

9.3 Current Treatment Technologies and Future Requirements 
Treatment technologies for the existing Non-Metro facilities include lagoons, oxidation ditches, closed 
loop reactors, and package plants.  PCRWRD desires to replace primary wastewater treatment via land 
intensive lagoons and shift towards a technology that will comply with BADCT rules and relieve 
pressures due to population growth and loadings exceeding those acceptable for the lagoon technologies 
(BADCT rules are discussed further in Chapter 2 of this study).  
 
Marana WRF, Avra Valley WRF, Corona de Tucson WRF, and Mt. Lemmon WRF are typically operated 
and maintained by a staff only present from Monday through Friday on either eight or ten hour daily 
shifts.  Arivaca Junction WRF, Pima County Fairgrounds WRF, and Rillito Vista WRF have operations 
staff visits each facility approximately once per week.  The projected increase in wastewater flow at 
Marana WRF, Avra Valley WRF, and Corona de Tucson WRF locations has prompted PCRWRD’s desire 
for a highly efficient, low maintenance treatment technology. 
 
Where the Non-Metro areas are experiencing rapid population expansion, populations are encroaching 
upon these historically remote treatment facilities driving up the price of available land.  In an effort to 
eliminate odor complaints, eliminate potential community eye-sores, meet setback requirements, and 
eliminate additional land purchases, the selected treatment technology must have odor control technology 
implementation capabilities, be aesthetically pleasing, and be able to fit within setback buffers on 
PCRWRD’s currently owned parcels. 
 
Below the 0.5-mgd design capacity, treatment needs can be met by package or pre-engineered plants 
when operated properly.  Package plants at Marana WRF used to meet the Non-Metro facility treatment 
needs.  When capacities grow beyond 0.5 mgd, the addition of extra package plants can create a 
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cumbersome treatment operation and an alternative treatment facility should be determined.  Marana WRF 
and Corona de Tucson WRF currently fall into the small capacity range (0 – 0.5 mgd) but are projected to 
transition into the medium capacity range (0.5 – 10 mgd) by 2010.  In this range, package plants are 
generally no longer appropriate because as flows increase, the complexity of treatment increases 
significantly, well beyond the simplistic designs typical of package plants.  All 2030 projected flows for 
the Non-Metro facilities are greater than 2.5 mgd.  The proposed Southeast Non-Metro plant is projected 
to treat over 10 mgd by 2030. 
 
Under the U.S. Public Health Security and Bioterrorism Preparedness and Response Act of 2002 
(PL 107188), drinking water utilities serving more than 3,300 customers were required to conduct 
vulnerability assessments (VAs) of their water systems.  While similar requirements for wastewater 
utilities have yet to be promulgated, similar approaches have been promoted by the USEPA for the 
protection of wastewater facilities.  During the design and retrofitting of PCRWRD’s infrastructure, 
PCRWRD is encouraged to refer to the guidelines presented in Guidelines for the Physical Security of 
Wastewater/Stormwater Utilities “in an effort to delay or detect malevolent parties whose actions may 
otherwise defeat the mission of the utility.” 

9.4 Non-Metro Treatment Technology Options and Recommendations 
There are many wastewater treatment technologies available.  PCRWRD is interested in providing its 
customers and the environment with the highest quality treated effluent practical through the use of 
enhanced nutrient removal processes in addition to removals of the conventional pollutants of oxygen-
demanding organics, suspended solids and ammonia.  This chapter aims at examining and evaluating 
five treatment technology alternatives believed to provide a high quality effluent at reasonable cost and 
provide recommendations for the Non-Metro facilities. 

9.4.1 Evaluation Criteria 
Various treatment alternatives exist and must be analyzed using both monetary and non-monetary criteria.  
Monetary criteria include capital, operations and maintenance, and life cycle costs.  Monetary and non-
monetary criteria are analyzed using weighted rankings.  This chapter discusses the evaluation criteria 
used to assist in treatment technology selection. 

Monetary Criteria 
Monetary criteria consider construction, operations and maintenance, and life cycle costs for each 
treatment alternative for comparative purposes only. 
 
It is assumed that all treatment processes will need screening and grit removal and disinfection and that 
these costs are equally applicable to all alternatives and thus do not influence comparisons of alternatives. 

Non-Monetary Criteria 
Non-monetary criteria are described below.  The values in parenthesis adjacent to the criteria indicate the 
weighting factor for that criterion (A weighting factor of 1 being low and 5 being high). 
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Â Environmental Impact: The treatment process introduces little or no negative environmental 
impacts during construction, start-up, regular operations, maintenance, expansion, etc. and has the 
potential to constantly meet and exceed current and future regulations regarding ground and 
surface water quality and quantity discharges. (4) 

 
Â Feasibility: The treatment process meets the feasibility criteria for converting from the existing 

facilities to a preferred alternative process and following conversion is readily and reliably 
operable. (3) 

 
Â Operational Capability: The treatment process meets the operational capability requirement by 

having the ability to modify process configurations during operations to accommodate abnormal 
conditions such as radical changes in influent wastewater characteristics, major maintenance 
activities, changes in permit requirements, changes in appropriate technology, requirements for 
expansion, discharge and reuse requirements and biosolids handling regulations. (4) 

 
Â Land Required: The treatment process meets the land required criteria efficiently utilizes the 

available land. (2) 
 
Â Maintenance: The treatment process meets the maintenance criteria of requiring a minimum 

amount of time and frequency of on-site operator attention, and that the routine preventative 
maintenance activities are easy to perform. (4) 

 
Â Public Acceptability: The treatment process meets the public acceptability criteria in being 

aesthetically unobtrusive and provides effective odor and noise control. (5) 
 
Â Reliability: The treatment process meets the reliability criteria by providing dependable, 

uninterrupted compliant service during construction, startup, operations and maintenance, and 
throughout its service life. (4) 

 
Â Sludge Production: Current sludge processing for many of the Non-Metro facilities occurs at Ina 

Road WRF (a more detailed discussion of sludge processing occurs in Chapter 5).  This requires 
transporting the sludge via pipeline or truck to a drop-off point along the conveyance system or to 
Ina Road WRF itself.  Shipment by truck requires sludge holding facilities at the site of biosolids 
generation and shipment by pipeline requires construction of a pipeline specifically for the sludge 
produced.  The treatment process would ideally produce the least amount of sludge to be 
processed. (1) 

 
Â Water Reuse Potential: The treatment process meets the water reuse potential criteria by 

constantly providing the quantity and quality of reuse water demanded. (4) 
 
Â Odor Control: The treatment process meets the odor control criteria by eliminating or reducing 

odor emissions through process components or additional external odor control structures could be 
added in a simple cost effective manner. (5) 
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9.4.2 Alternative Treatment Method Examination 
This chapter reviews the five most likely treatment processes needed by PCRWRD to meet the regulatory 
effluent requirements for the existing Non-Metro facilities, which are: 
 
Â Bardenpho (five stage) 
Â Biological nutrient removal oxidation ditch 
Â Membrane bioreactor 
Â Moving bed bioreactor 
Â Sequencing batch reactor 

9.4.2.1.1 Bardenpho (Five Stage) 
Process 
The five stage Bardenpho process is a modification of the activated sludge process consisting of a 
multi-stage biological reactor.  The mixing of influent with activated sludge and passing the mixture 
through a sequence of alternating environments of variable oxygen concentration allows removal of 
nitrogen from the wastewater.  These alternating environments are termed anoxic and aerobic 
depending on the amount of oxygen available for metabolism.  The five-stage process adds an 
anaerobic zone ahead of the anoxic/aerobic sequences of the four-stage process to create conditions 
amenable for the removal of phosphorus.  Nitrogen is removed by metabolic processes performed by 
the active bacteria present in the bioreactor tanks, while phosphorus is removed by accumulating in 
specific species of bacteria in amounts in excess of metabolic requirements and removed from the 
system as these bacteria are removed from the system as part of the sludge wasting procedures.  The 
general process flow for a typical five stage Bardenpho is shown on Figure 9-1.  This figure also shows 
where additional components would be added for enhanced phosphorus removal and where disinfection 
would be located. 
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Figure 9-1 
Five-Stage Bardenpho Process Diagram 

 
 
Benefits and Drawbacks 
The five-stage Bardenpho process is capable of consistent high levels of BOD removal, suspended solids, 
nitrogen, and phosphorus with little or no use of chemicals.  Compared to other biological nutrient 
removal processes, the five-stage Bardenpho provides excellent nitrogen removal and good phosphorus 
removal.  Nitrogen is removed via anoxic, aerobic, anoxic stages of the process.  Though biological 
nitrogen removal is generally capable of meeting total nitrogen (TN) levels less than 5 mg/L, reaching 
very low levels could require the addition of a supplemental carbon source such as methanol or some 
other highly degradable source to drive the denitrification reactions to completion.  The removal of 
phosphorus biologically is a sensitive process.  The efficiency of removal of the phosphorus is dependent 
on the quantity and quality of the readily degradable carbon in the anaerobic zone.  To improve reliability, 
the inclusion of primary clarification with the concomitant fermentation of settled primary sludge to 
supplement the amount of readily degradable carbon can be very effective.  A metal salt addition will 
most likely be required in order to reduce total phosphorus levels to below one mg/L. 
 
Additional Components 
The five-stage Bardenpho process requires five separate tanks followed by final clarifiers.  The return 
activated sludge, mixed liquor suspended solids, and waste activated sludge requires piping and pumps 
for operation.  All stages require mixing equipment and oxygen must be introduced in the third and fifth 
stages of the Bardenpho sequence. 



Pima County Regional Wastewater Reclamation Department 
Tucson, Arizona 

Regional Optimization Master Plan 

Regional Optimization Master Plan 
Final Report 

Chapter 9 – Non-Metro Facilities’ Strategic Management Plan  

 

9-12 
J:\Projects\Pima Co WM\05302-ROMP\06 Gen Studies-Rpts\6.1 Report\Final Report\Complete Report_07Nov26_Rev2.doc 

9.4.2.1.2 Biological Nutrient Removal Oxidation Ditch (BNROD) 
Process 
An oxidation ditch is a modified activated sludge biological treatment process that utilizes long solids 
retention times to remove biodegradable organics and ammonia.  Multiple reactors can be operated in 
series or parallel, depending on configuration, also allowing a reactor to be taken out of service for 
inspection or repairs.  Oxidation ditches are designed to carry mixed liquor suspended solid 
concentrations of 3000-8000 mg/L.  HRT is generally between 18-30 hours.  Design SRTs can be selected 
for a high degree of nitrification.  PCRWRD currently uses BNROD at its Avra Valley and Green Valley 
facilities.  Additionally, an anoxic tank is currently being installed ahead of the BNROD at Avra Valley 
WRF to enhance total nitrogen removal. 
 
Benefits and Drawbacks 
The oxidation ditch is considered an economical, highly efficient, and simple waste treatment process.  
Oxidation ditches are able to withstand shock and peak loads, and can be operated continuously or 
intermittently.  The BNROD system is noted as being “operator-friendly” according to PCRWRD staff 
and is currently in use at the Avra Valley and Green Valley WRFs for reduction of total nitrogen 
concentrations in effluent.  It has been reported by PCRWRD staff that Avra Valley WRF’s BNROD is 
treating approximately 1.3 mgd to a TN below 3 mg/L.  This is being achieved by alternating aerators on 
and off, creating alternating aerobic and anoxic environments.  Large areas of level land are needed for 
facility construction and to meet setback requirements set in the AAC Title 18 Chapter 9. This process 
can not meet phosphorus limits without addition of chemicals or construction of additional anaerobic 
tankage volume in front of the oxidation ditch. 
 
Additional Components 
liminary treatment usually precedes the oxidation ditch but primary settling prior to the oxidation ditch is 
rare.  Influent is aerated and mixed with return activated sludge from the final clarifiers.  An anaerobic 
tank may be added prior to the oxidation ditch to enhance biological phosphorus removal.  An anoxic tank 
may be added upstream of the oxidation ditch for enhanced nitrogen removal (known as the Modified 
Ludzack-Ettinger or MLE process) along with mixed liquor recirculation from the aerobic zone to the 
anoxic tank.  Tertiary filters may be required after clarification to polish the effluent prior to disinfection.  
Tertiary filtration is effective for reducing the effluent suspended solids significantly allowing the effluent 
turbidity goal to be achieved consistently.  The general process flow sheet for a typical BNROD process 
is shown on Figure 9-2 and the MLE on Figure 9-3.  These figures also show where additional 
components would be added for enhanced nitrogen and phosphorus removal and where disinfection 
would be located. 
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Figure 9-2 
Biological Nutrient Removal Oxidation Ditch 
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Figure 9-3 
Modified Ludzack-Ettinger 

 

9.4.2.1.3 Membrane Bioreactor (MBR) 
Process 
The MBR is an activated sludge process in which microfiltration through a synthetic membrane is used in 
place of secondary clarification.  The membrane separation occurs in a separate, final stage activated 
sludge tank.  Essentially all suspended solids and bacteria are retained in the aeration tank due to the 
small pore size of the separation membrane.  The membrane provides both solids removal and filtration.  
Sludge is directly wasted from the aeration tank to maintain the desired Solids Retention Time.  With 
membrane separation a much higher MLSS concentration (7-15,000 mg/L) can be used in the activated 
sludge process, reducing tank volume requirements.  The MLSS concentration that can be achieved is 
limited by the oxygen transfer capacity of the aeration system and the fouling properties of the 
membranes. 
 
Benefit and Drawbacks 
A major advantage of this process is a smaller footprint and increased capacity for existing aeration tanks.  
Disadvantages are high energy demand, high capital and operation and maintenance costs and an unknown 
life expectancy of the membranes.  There is the possibility for the need of a high dose of methanol as a 
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carbon source.  In addition there would be no commonality of the processes at the other Non-Metro 
treatment plants which could require more operational training and a higher inventory of spare parts. 
 
This process combines an ultrafiltration membrane system for solids separation with an activated sludge 
reactor eliminating the need for separate clarification. Wastewater is screened before entering the 
biological treatment tank where aeration within this aerobic zone provides the oxygen required for 
biological respiration and maintains solids in suspension.  MLSS in the bioreactor are maintained at high 
levels (1% - 3%) allowing high levels of organic loading to the reactor. All solids are retained within the 
reactor, thus requiring no return activated sludge system.  The process runs at a high solids retention time 
and nitrifiers are easily maintained within the system.  The process is capable of achieving low levels of 
effluent BOD, suspended solids, nitrogen, and phosphorus. 
 
Additional Components 
Aggressive preliminary treatment usually precedes MBR.  Influent is mixed with return activated sludge 
from the aerobic tank in an anoxic zone.  An anaerobic tank may be added prior to the oxidation ditch to 
enhance biological phosphorus removal.  Tertiary filters are not required prior to disinfection due to the 
membranes ability to produce very low turbidity effluent.  The general process flow sheet for a typical 
MBR process is shown on Figure 9-4.  This figure also shows where additional components would be 
added for enhanced phosphorus removal and where disinfection would be located. 

 

Figure 9-4 
Membrane Bioreactor 
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9.4.2.1.4 Moving Bed Bioreactor (MBBR) 
Process 
The MBBR system is a modification of the activated sludge process.  It utilizes an attached growth or 
fixed film biological process instead of the suspended growth process in the conventional activated sludge 
systems.  The MBBR includes small, plastic (usually polyethylene) carrier elements placed in a 
continuously mixed basin to provide surface area for the growth of attached biomass.  The MBBR system 
does not incorporate return sludge flow nor backwashing of the screens used to retain the plastic media 
within the continuously mixed basin.  As with other processes, the MBBR can be configured with 
alternating environments to gain efficiencies in nutrient removals.  Either coarse bubble aeration or a 
mechanical mixer can be used for continuous mixing depending on whether the zone is anoxic, anaerobic, 
or aerobic.  The media can be provided by a number of manufacturers and a 2000 Water Environment 
Research Foundation (WERF) report concluded that the media’s effective surface area is a key design 
parameter and the shape and size of the media is of less importance. 
 
Benefits and Drawbacks 
MBBR systems are less operationally complex than an activated sludge system because the MBBR 
system does not include return activated sludge. 
 
Additional Components 
The MBBR system requires screens, grit chambers, primary clarifiers, a reactor basin, plastic media, 
continuous mixing devices, a screen or sieve installed at the effluent end of the reactor basin to retain the 
media within the basin, and final clarifiers.  The MBBR system can be retrofitted from an existing 
activated sludge reactor through the addition of baffle walls creating separated anoxic and aerobic zones.  
The amount of media required is dependent upon the organic and hydraulic loading, the temperature, 
oxygen transfer capability of the system, and the degree of treatment required.  External chemical 
addition is necessary to provide a carbon source for denitrification.  Retrofits of the oxidation ditches at 
the Avra Valley, Green Valley, and Corona de Tucson facilities to an MBBR are plausible options for 
PCRWRD to consider. The general process flow sheet for a typical MBR process is shown on Figure 9-5.  
This figure also shows where additional components would be added for enhanced phosphorus removal 
and where disinfection would be located. 
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Figure 9-5 
Moving Bed Bioreactor 

 

9.4.2.1.5 Sequencing Batch Reactor (SBR) 
Process 
Improvements in aeration devices and control systems have made sequencing batch reactors a competitive 
process to conventional continuous flow activated sludge systems.  SBRs and conventional continuous 
flow activated sludge systems have essentially the same biological and physical processes, aeration and 
sedimentation/clarification are performed in both systems.  SBRs allow these processes to be performed 
within in one tank, reducing the land area needed when compared to the conventional activated sludge 
processes.  Hydraulic retention times between 21-24 hours are typical for SBRs. 
 
Benefits and Drawbacks 
SBRs need less land for reactors, but often require equalization (EQ) basins for volume balance; can be 
easily automated; can be operated for BNR with simple modifications to the sequencing logics; have 
limited capability to handle high hydraulic peaks; 
 
Additional Components 
An oxidation ditch could be retrofitted to an SBR by installing gates and a decanter mechanism and some 
aeration equipment in lieu of rotors.  Also, mixers would be needed in order to develop anoxic/react 
conditions and anaerobic conditions.  The general process flow sheet for a typical SBR process is shown 
on Figure 9-6.  This figure also shows where additional components would be added for enhanced 
phosphorus removal and where disinfection would be located. 
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Figure 9-6 

Sequencing Batch Reactor 

 

9.4.3 Evaluations 
Weighted ranks are used for evaluating treatment process alternatives with respect to the chosen criteria.  
A weighted rank is the product of the criteria’s weighting factor (WF) and value.  A weighting factor (1-5, 
with 5 being the highest) is given to each criterion; the higher the weighting factor, the more important 
the criteria.  A rank (1-5, with 5 being the highest) is given to each treatment process; the higher the rank 
the better that treatment process satisfies the evaluation criteria.  Each criterion is then given a score for a 
particular alternative; the weighted rank.  The higher the weighted rank, the better the treatment process 
meets the evaluation criteria.  The weighted values for each treatment process alternative are then 
summed and compared with the other alternatives.  The highest sum of weighted ranks equates to a better 
treatment process alternative for the selected criteria. 
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Table 9-8 shows the weighted ranks for each criteria and treatment process alternative. 
 

Table 9-8 
Monetary and Non-Monetary Criteria Treatment Process Alternative Weighted Ranks 

Rank Weighted Rank 
Criteria WF 

Bardenpho BNROD MBR MBBR SBR Bardenpho BNROD MBR MBBR SBR
Cost 5 4 4 2 3 5 20 20 10 15 25 
Environmental 
Impact 4 4 4 3 3 3 16 16 12 12 12 

Feasibility 3 3 5 3 4 3 9 15 9 12 9 
Operation 
Compatibility 4 4 4 4 3 2 16 16 16 12 8 

Land Required 2 4 3 5 4 4 8 6 10 8 8 
Maintenance 4 5 5 2 3 3 20 20 8 12 12 
Public Acceptability 5 3 3 5 3 5 15 15 25 15 25 
Reliability 4 3 4 2 3 3 12 16 8 12 12 
Sludge Production 1 3 5 3 3 3 3 5 3 3 3 
Water Reuse 
Potential 4 4 4 4 4 4 16 16 16 16 16 

Odor Control 5 4 3 4 4 3 20 15 20 20 15 
Sum of Weighted Ranks 155 160 137 137 145

9.5 Non-Metro Facility Layout Recommendation 
Application of the weighted rank method reveals BNROD and Bardenpho as the top two treatment 
alternatives.  This chapter discusses the recommended expansion plan for each Non-Metro facility 
through the year 2030. 
 
This chapter examines the general process, benefits and drawbacks, additional components necessary to 
meet treatment requirements, and a graphical representation of the process flow sheets of the five Non-
Metro area treatment alternatives.  These flow sheets reflect processes only.  They are not intended to 
illustrate how the processes would be physically configured within the layouts of existing facilities or 
how a new facility would appear physically. 

9.5.1 Northwest Region 
Future flow projections for Marana WRF (includes Rillito Vista WRF flows) project wastewater flows of 
4.4 mgd, well within BNROD’s proven treatment range.  PCRWRD currently has a completed 1.5 mgd 
BNROD system design and selecting a different process requires additional time and money investment.  
Therefore, Marana WRF’s treatment process selection is BNROD. 
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Figure 9-7 presents the projected influent flow. 
 

Figure 9-7 
Marana WRF 
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This future projection of flows assumes the average 
permit issuance rate will increase at a rate of approx. 

10% per year, in accordance with the 2007 TAZ 
population projections for the Town, which is highly 
unlikely due to the impact of the FEMA floodplain 

maps being redrawn in 2007.  

 
 

BNROD

Interim Biolac



Pima County Regional Wastewater Reclamation Department 
Tucson, Arizona 

Regional Optimization Master Plan 

Regional Optimization Master Plan 
Final Report 

Chapter 9 – Non-Metro Facilities’ Strategic Management Plan  

 

9-22 
J:\Projects\Pima Co WM\05302-ROMP\06 Gen Studies-Rpts\6.1 Report\Final Report\Complete Report_07Nov26_Rev2.doc 

 
Figure 9-8 shows the possible location for siting 1.5 mgd BNROD modules within PCRWRD property 
and setback boundaries. 
 

Figure 9-8 
Marana WRF – 1.5-mgd Expansions without CRRPS Flow 

 
 
Marana WRF flow projections do not include flows originating within the Continental Ranch Regional 
Pump Station (CRRPS) service area.  The CRRPS resides within the boundaries of the town of Marana 
and is located up-gradient of the Marana WRF and would best be served by the Marana WRF if 
economically feasible.  On June 23, 2005 a Continental Ranch Regional Pump Station Strategic Plan 
Memorandum was issued. The memorandum determined that construction of an additional 24” force main 
is not required to handle flows through the 20-year planning period. The CRRPS Strategic Plan stated the 
long range plan (2005-2015) is to convey flow from the pump station to the Marana WRF via gravity 
within the 2012-2015 timeframe. This would give the County adequate time to complete the project 
before flows approach the pumping station’s capacity and to relieve the emergency back-up pumping 
system.  The CRRPS Strategic Plan projects a peak wet weather flow of 6.7 mgd by 2025. Ultimately, if 
the CRRPS flow is conveyed to the Marana WRF, the facility will need to be expanded to accept CRRPS 
flow. 
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An economic evaluation should be conducted before the pipeline capacity is modified determining the 
feasibility of phasing out the pump station and conveying the flow to the Marana WRF or constructing a 
parallel pump station/pipeline to continue to pump flow up-gradient to Ina Road WRF.  Additionally, an 
economic evaluation determining the feasibility for Marana WRF’s processing of the CRRPS’s flow as 
opposed to pumping this flow to Ina Road WRF should be performed before expansion at Marana WRF 
occurs. It should be noted that allowing wastewater to flow by gravity from Continental Ranch to the 
Marana WRF will require expansion of the facility’s capacity to accommodate the additional hydraulic 
loading. 

9.5.2 South Region 
Future flow projections for Green Valley WRF predict wastewater influent flows slightly above 3.5 mgd 
and are well within BNROD’s proven treatment capability.  Current combined BNROD/aerated lagoon 
capacity can provide sufficient treatment for flows through the year 2030.  PCRWRD’s environmental 
stewardship and foresight of residential encroachment includes in its CIP elements the construction of an 
additional 2.0-mgd BNROD facility in 2010 increasing its total capacity to 4.0 mgd.  Introducing a 
different process to the Green Valley facility introduces complexity and therefore BNROD is the 
recommended treatment process for this Non-Metro facility.  Green Valley WRF’s projected flow and 
expansion are shown on Figure 9-9. 
 

Figure 9-9 
Green Valley WRF 
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9.5.3 Southeast Region 
Future flow projections for the Southlands facility (excluding Corona de Tucson WRF flows) forecast 
flows greater than 10 mgd by 2030.  Inclusion of Corona de Tucson WRF’s flow, Southlands projected 
flows are above 13 mgd by 2030.  At these capacities, the Bardenpho treatment process is recommended 
over a BNROD process.  The Southlands flow projection (including Corona de Tucson WRF by 2020) 
and proposed construction/expansion are shown on Figure 9-10.  
 

Figure 9-10 
Southlands 
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While flow projections suddenly show influent flows of 1.2 mgd in 2010, no Southlands facility or 
expansion plan exists.  Facility siting, design, and construction of this facility must start now to provide 
treatment service for the rapid population growth projected for this area.  In an effort to provide treatment 
as rapidly as possible, package treatment plants provided by developers should be permitted and located 
to treat the flow until design, construction, and startup of a 4.0 mgd Bardenpho can be completed. 
Concurrent to package plant selection, siting, permitting, and startup, design of the Bardenpho module 
should begin. Construction of additional 4.0 mgd Bardenpho expansion modules will need to be 
completed by 2015 and 2022 providing the Southlands area with a total capacity of 12.0 mgd by the year 
2030.  
 

Bardenpho

Package PlantsPackage Plants 
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Investment in Corona de Tucson WRF’s 1.0 mgd closed loop reactor and 0.3 mgd aerated lagoon system 
will provide sufficient capacity through the year 2020.  The facility should continue with its 1.3 mgd total 
permitted capacity until a Southlands facility and conveyance structure transporting flows beyond 
Corona’s 1.0 mgd closed loop reactor capacity can be sited, designed, and constructed.  Flow beyond 
Corona de Tucson WRF’s capacity can then be conveyed to Southlands for treatment and Corona de 
Tucson WRF could continue as a wastewater treatment facility or be upgraded to provide reclaimed water 
service.  Converting Corona de Tucson’s wastewater treatment facility to a facility that provides 
reclaimed water would require a feasibility study be completed.  The Corona de Tucson WRF projected 
flow and expansion without diverting flow to Southlands WRF is shown on Figure 9-11. 
 

Figure 9-11 
Corona de Tucson WRF 
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Expansion at the Corona de Tucson facility should only occur if the Southlands Non-Metro facility and 
conveyance structure are not constructed to accept flow beyond Corona de Tucson WRF’s 1.3 mgd 
capacity.  Flows beyond Corona de Tucson’s 1.3 mgd capacity should be conveyed to the Southlands 
facility for treatment.   

9.5.4 Southwest Region 
PCRWRD’s Avra Valley WRF Expansion Plan recommends having a dual oxidation ditch online and 
permitted to treat 4.0 mgd by January 2008.  Figure 9-12 and Figure 9-13 show the projected flow and 
expansion for Avra Valley WRF, respectively. 

CLR and Lagoons 
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Figure 9-12 
Avra Valley WRF 
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Figure 9-13 
Avra Valley WRF 

 

9.5.5 Mount Lemmon Region 
The Mount Lemmon WRF is currently in the process of negotiating service area expansion with the 
USFS.  Future flow projection should refer to the agreement contracted between PCRWRD and the 
USFS.  Future recommendation for this facility includes the development of a contingency plan for 
emergencies due to weather, facility malfunction, or routine maintenance. 

9.6 Summary 
Establishing regional treatment facilities does carry some pragmatic challenges.  Obviously, large tracts 
of undeveloped land exist throughout the Non-Metro area and are significant distances from the any 
PCRWRD facility.  Development in some separated areas would require long conveyance structures to 
transport sewage from the new developments to regional treatment plants.  These lines would have 
significant excess capacity for years to come until build-out is achieved.  Additionally, demand for water 
in these Non-Metro areas is likely to require the availability of treated effluent to supplement other water 
sources.  (A satellite facility could ultimately be converted to a water reclamation plant to help relieve 
local water demands.)  Such conditions generally pose significant economic disincentives for establishing 
centralized wastewater treatment on a regional level, and solutions, such as satellite plants constructed 
within the newly developed area typically result. 
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However, satellite facilities may not be an appropriate solution for the long term.  Owning multiple 
facilities would require Pima County to budget annually for operations and maintenance for several 
different facilities.  Critical to successful operation of several satellite facilities is finding and retaining 
skilled operators and maintenance personnel.  Secondly, multiple facilities require multiple operating 
permits, none of which will remain static in respect to their regulatory compliance standards.  Thirdly, as 
populations increase in these areas, there will be needs for upgrading and expanding these satellite 
facilities.  Finally, as development progresses, on-going public acceptance of the treatment facilities in 
their neighboring areas cannot be guaranteed. 
 
Aligning regional treatment facilities provides Pima County with an opportunity to establish a model for 
how it will support development for years to come.  This model incorporates the interests of stakeholders 
ranging from developers to environmental groups to local residents.  It promotes Pima County as a 
proactive leader in managing rapid growth pressures to improve quality of life for generations. 
 
Balancing the economics necessary to shape the Non-Metro facilities into regional facilities will require 
some type of mechanism for generating a consistent revenue stream to fund the conveyance and treatment 
infrastructure. Since many facilities are already under design and/or expansion, these revenues would 
initially focus on the installation of regional interceptor sewers that tie the developing areas to the Non-
Metro facilities.  Options include development reimbursement agreements, impact fees on new residential 
and commercial construction, revenue bond sales, general obligation bonds, economic development 
income tax revenues, or tax incremental financing districts.
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Chapter 10 -  . CIP Elements 

10.1 Introduction 
The ROMP includes a coordinated Capital Improvement Design and Construction program including, at a 
minimum, cost estimates, schedules and a recommended project delivery and funding strategy for 
implementation of resulting projects and integration with the PCMWD Capital Improvement Program (CIP).  
ROMP capital projects are primarily regulatory driven and include specific costs associated with meeting 
more stringent requirements for effluent discharges into the Santa Cruz River from the WRC and the Ina 
Road WRF.  Other capital projects include various wastewater treatment and conveyance projects necessary 
to repair and replace existing infrastructure, as well as wastewater treatment and conveyance projects to 
provide the capacity to serve forecasted demand in the PCRWRD’s Non-Metro service area This chapter 
discuses the major construction elements and cost of the PCRWRD CIP including:  
 
ROMP Projects 
Â Santa Cruz Interceptor Phase IV 
Â Water Reclamation Facility (32-mgd total) 
Â Ina Road WRF (50-mgd total) 

 
Other Capital Projects (Non-ROMP) 
Â Electrical System Modifications 
Â Conveyance System Augmentation 
Â Outlying Facilities Expansions 
Â Support Facilities 

 
Construction and labor costs are on the basis of the year 2006 and must be escalated to the cost when the 
services or construction is provided. 
 
The following assumptions provided in the ROMP Study were incorporated to accomplish the evaluation 
of the engineering alternatives. 
 
Â Both plants achieve regulated nutrient removal utilizing the Bardenpho treatment process.  
Â The Water Reclamation Campus consists of four independent 8 MGD Bardenpho trains.   
Â Design Bid Build is used as a basis for scheduling.  Scheduling may change if another method is 

selected. 
Â Construction costs do not change regardless of project delivery method. 
Â Base costs were based upon tankage volumes, blower requirements and pumping sizes that were 

determined and rolled up to a process level in the ROMP Study. 
Â Design and construction procurement requires 6 months and includes the following components. 

− Develop Request for Proposal 
− Advertising 
− Selection 
− Award 

Â The Water Reclamation Campus construction contract must be awarded by December 2010. 
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Â The Ina Road facility construction contract must be awarded by January 2011. 
Â Startup and testing for both facilities requires 6 months and must begin no later than 6 months 

prior to the respective facility’s compliance date. 
Â The Water Reclamation Campus is to be online and compliant no later than January 30, 2015. 
Â The Ina Road facility is to be online and compliant no later than January 30, 2014. 

 

10.2 Base Case 
At an estimated cost of $501 million (2006 dollars), an initial alternative, termed the Base Case, included 
concurrent construction of a 32-mgd Water Reclamation Campus near the existing Roger Road facility and 
50-mgd expansion/upgrade of the current Ina Road WRF.  Disinfection for the Base Case alternative was 
achieved via filtration and ultraviolet technology.  The estimated $501.6 million included the following 
elements. 
 
Â Santa Cruz Extension Phase IV – $22.4M 
Â Water Reclamation Campus – $235.2M 
Â Ina Road WRF – $244.0M 

 
A general description of the facility, elements that make up the facility and the costs of the elements for 
the Base Case are summarized below.   

10.2.1 Santa Cruz Extension Phase IV (ROMP) 
The recommended route for the plant interconnect pipeline is approximately 5 miles in length 
and varies in size from 54 inches to 66 inches in diameter.  Costs developed for the Santa Cruz 
Extension do not include right-of-way acquisition or easement costs, or any cost to relocate 
existing utilities during construction segments of the sludge force main, which may be in the 
pipeline alignment. 
 

Project Element               Costs (in 2006 $) 
Â Santa Cruz Extension Phase IV (1 or 2 projects)     $ 19.0 million 
Â Engineering Services (design and office/field services during construction) $   3.4 million 
   Total        $ 22.4 million 

10.2.2 Water Reclamation Campus  (ROMP) 
Recommendations for the WRC are to construct a new 32-mgd wastewater treatment facility using 
Bardenpho technology to meet the stringent standards imposed by the Arizona Department of 
Environmental Quality. The existing facilities would be demolished after commissioning the new 
operation.  A conceptual layout of the proposed WRC is shown in Figure 10-1. 
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Figure 10-1  
Water Reclamation Campus Conceptual Layout  

 

 

10.2.3 Treatment Processes/Systems 
The new WRC is comprised of the major construction elements and estimated costs below.  Costs are 
based on 2006 labor and construction dollars. 
 

Project Element/System                             Costs (in 2006 $) 
Â Demolition and Removal        $   17.3 million 
Â Influent Screening Facilities       $     3.1 million 
Â Influent Grit Facilities        $     2.1 million 
Â Odor Control         $   11.6 million 
Â Aeration Tanks         $   73.4 million 
Â Final Clarifiers         $   20.3 million 
Â Disinfection (UV + Filtration)       $   23.1 million 
Â Sludge Thickening and Dewatering Facilities     $     2.3 million 
Â Sludge Transfer Pump Station       $     2.1 million 
Â Site Work         $     0.7 million 
Â Paving          $     0.8 million 
Â Architectural         $   14.0 million 
Â Fence          $     0.2 million 
Â Irrigation/Landscaping        $     0.5 million 
Â Engineering         $   25.7 million  
Â Contingency         $   38.1 million 

Total        $ 235.2 million 
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Two possible locations for siting the new WRC in a location allowing the existing Roger Road facility 
continued operation until the new facility is in operation are shown in Figure 10-2. 
 

Figure 10-2 
Two Future Possible Locations for the New Water Reclamation Campus 

 
 
A third possible location parallels the Santa Cruz River at the northeastern most edge of PCRWRD’s 
parcel. 

10.2.4 Ina Road WRF (ROMP) 
Ina Road WRF will have onsite facilities upgraded and expanded to meet the regulatory and growth needs 
of Pima County over the next 25-years.  The wastewater treatment process will be based on Bardenpho 
technology to meet the stringent standards imposed by the Arizona Department of Environmental Quality.  
The plant will be expanded to 50-mgd by adding a new Bardenpho treatment train.  This expansion will 
occur by replacing the current 25-mgd HPO process with two new 12.5-mgd Bardenpho trains utilizing 
the existing clarifiers to their greatest ability, and converting the 12.5-mgd BNRAS train to the 
Bardenpho process.  
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The plant will handle and treat the solids from both the WRC and the Ina Road WRF.  In the near-term, 
Pima County wastewater treatment operations will process a Class B biosolids.  These solids will be 
distributed from the Ina Road plant.  In the future, the plant may produce a Class A biosolids which also 
would be distributed from Ina Road.  Cost and space requirements for Class A biosolids is based on the 
thermophilic anaerobic digestion technology.  The new wastewater treatment plant facilities at Ina Road 
WRF are shown on Figure 10-3. 
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Figure 10-3 
Ina Road WRF Conceptual Layout 

 
Legend: 
1. Existing Warehouse 15. Existing Chlorination Buildings 
2. Existing Administration Building 16. Existing Digesters 
3. Existing Primary Clarifiers 17. New Digesters 
4. Existing Blower Building 18. Existing Sludge Thickeners 
5. New Primary Clarifiers 19. Existing Vacuum Filtration Building 
6. New Aeration Tanks 20. Existing Activated Sludge Reactor 
7. Existing Aeration Tanks 21. Existing Oxygen Production 
8. New Sludge Thickeners 22. Existing Centrifuge Building 
9. Existing Secondary Clarifiers 23. Extension to Centrifuge Building 
10. New Secondary Clarifier 24. New GBT Thickening Building 
11. Existing Headworks 25. Existing Sludge Storage Basin 
12. Existing Chlorine Contact Basin 26. New Disinfection Facilities 
13. Existing Energy Recovery Building 27. Pima County Industrial Waste 
14. Existing Training Center 28. Tucson Water Facilities (not shown) 
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10.2.5 Treatment Processes/Systems  
The expanded and upgraded Ina Road WRF is comprised of the major construction elements and 
estimated costs below.  Costs are based on 2006 labor and construction dollars. 
 

Project Element/System                 Costs (in 2006 $) 
Â New Influent Screening Facilities      $     0.9 million 
Â Odor Control         $   13.3 million 
Â Primary Clarifiers        $   10.5 million 
Â Aeration Tanks         $   62.1 million 
Â Final Clarifiers         $     9.2 million 
Â Disinfection         $   43.1 million 
Â Sludge Thickening and Dewatering Facilities     $   10.2 million 
Â Sludge Digestion Facilities       $   15.0 million 
Â Site Work         $     0.5 million 
Â Paving          $     0.6 million 
Â Architectural         $   12.1 million 
Â Irrigation/Landscaping        $     0.2 million 
Â Engineering         $   26.6 million 
Â Contingency         $   39.7 million 

Total      $ 244.0 million 

10.3 Electrical Service Modifications (Non-ROMP) 
The electrical service to the Ina Road facilities consists of multiple feeds from the local power utility and 
from onsite power generation which utilize biogas and/or natural gas.  The existing 37.5 mgd is powered 
from Tucson Electric Power.  The waste heat is utilized for digester and heat cooling requirements.  Cost 
to unify the utility power services and upgrade the onsite power generation systems are to be included in 
the upgrade and expansion of the facilities at the Ina Road WRF. 
 
In addition, costs to provide back-up power service to the new WRC are required by regulations and will 
need to be included with the construction of the new facilities. 
 
Costs for the electrical utility power systems modifications at the WRC and Ina Road WRF are: 
 

Ina Road WRF Project Elements Costs (in 2006 $) 
Â Ina Road Power Unification $     3.0 million 
Â Ina Road Power Upgrade & Expansion $     5.0 million 
Â Ina Road Power Generation Upgrades $   16.0 million 
Â Engineering for Ina Road Electrical $     4.0 million 
 
WRC Project Elements 
Â Back-up Power $     6.0 million 
Â Engineering for Electrical $     1.0 million 

Total $   35.0 million 
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10.4 Conveyance System Augmentation (Non-ROMP) 
The conveyance system serving the Roger Road WRF and Ina Road WRF were evaluated for capacity 
augmentation over the next 25-years. This does not include costs for conveyance system rehabilitation 
based on recent condition assessments or the costs for odor control enhancements required in the 
conveyance system. 
 
Based in forecast population growth and per capita contribution, there are a number of sewer segments 
within the existing conveyance network that will require augmentation.  The augmentation is not required 
immediately, but will be required over time.  The forecast for sewer augmentations and the year by which 
the work should begin are provided below.  Costs are based on 2006 labor and construction dollars, and 
include an engineering allowance of 15 percent and a contingency of 30 percent. 
 

  Description Total Costs 
Project No. Project Year (Manhole to Manhole) (in 2006 $) 
Â 1 2020  4636-30A to 4190-05A $4.35 million 
Â 2 2015 6036-21 to 3979-101 $0.74 million 

 3919-101 to 8031-01 $1.32 million 
Â 3 2020 8635-11 to 8635-10 $0.31 million 
Â 4 2010 5627-08A to 9907-49 $2.76 million 
Â 5 2015 8130-01 to 1779-02 $0.45 million 
  9917-20 to 9910-21 $3.95 million 
  5667-01 to 5662-01 $3.31 million 
  1779-02 to 5667-01 $1.21 million 
  9910-21 to 9910-19 $0.40 million 
Â 6 2010 8149-05 to 1726-29 $2.30 million 
  3983-05 to 8149-05 $0.48 million 
  1726-29 to 1726-26 $0.87 million 
  1726-26 to 1726-19 $2.35 million 
Â 7 2015 4630-09 to 4630-02 $0.73 million 
Â 8 2010 1751-09 to 1751-01 $2.57 million 
Â 9 2010 8626-01 to 6804-15A $0.04 million 
Â 10 2020 9521-02 to 9549-05 $0.46 million 
Â 11 2010 1708-22 to 6804-15A $1.57 million 

 
Costs of sewer augmentation by 5-year periods are: 
 

Year Construction Costs Engineering Costs Contingency Costs 
Total Costs 
(in 2006 $) 

2010 $8.93 million $1.34 million $2.67 million $12.94 million
2015 $8.36 million $1.25 million $2.50 million $12.11 million
2020 $3.54 million  $0.53 million $1.05 million $5.12 million
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10.5 Non-Metro Facilities Expansion (Non-ROMP) 
Service areas owned and operated by the County in Non-Metro facilities are experiencing rapid 
population growth.  Many of these facilities will require expansion over the next 25 years. Lagoon 
treatment systems will remain providing the County with backup treatment capabilities.  The expansion 
program is summarized below.  Estimated costs for these facilities are not provided in the summary 
below. 
 
Non-Metro Facility 
Siting, land procurement, and design must be completed before construction of a new Southland WRF 
and the existing Non-Metro facilities will be expanded to meet the increasing wastewater flows.  The 
project delivery method for the new construction of the Southland WRF will be CMAR, while all the 
Non-Metro facility expansions will be Design/Build.  The Non-Metro facility expansions and new 
construction phases are listed by each region below. 

 
Â Southwest Region 

− Avra Valley WRF 
× 2006/2007 Expansion 1 (from 1.2 to 2.2 mgd) 
× 2008/2009 Expansion 2 (Phase out existing BNROD and start up two new 

BNROD trains providing a total treatment capacity of 4.0 mgd) 
 
Â Southeast Region 

− Corona de Tucson WRF 
× 2006/2007 Expansion 1 (from 0.3 to 1.3 mgd) 
× 2018/2019 Expansion 2 (from 1.3 to 2.3 mgd) 
× 2027/2028 Expansion 3 (from 2.3 to 3.3 mgd) 

− Southland WRF 
× 2009/2010 New Construction (from 0.0 mgd to 2.0 mgd) 
× 2010/2011 Expansion 2 (from 2.0 mgd to 3.0 mgd) 
× 2012/2013 Expansion 3 (from 3.0 mgd to 4.0 mgd) 
× 2014/2015 Expansion 4 (from 4.0 mgd to 8.0 mgd) 
× 2022/2023 Expansion 5 (from 8.0 mgd to 12.0 mgd) 

 
Â South Region 

− Green Valley WRF 
× 2011/2012 Expansion 1 (from 4.1 mgd to 6.1 mgd) 

 
Â Northwest Region 

− Marana WRF  
× 2010/2012 Expansion 1 (from 0.5 to 2.0 mgd)  
 

Â Mt. Lemmon WRF 
− No change unless changes in area restrictions. 
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10.6 Support Facilities (ROMP) 
The recommendation is to construct a new centralized laboratory for PCRWRD.  Based on the existing 
limited operating space at Ina Road WRF and the ever increasing load on laboratory services to provide 
operational and regulatory laboratory tests, the centralized laboratory will be constructed at the WRC.  
Cost of the new centralized laboratory in 2006 construction dollars is estimated at $10 million.  An 
additional $2 million dollars (2006 dollars) are provided for engineering and architectural services to 
provide design and office and field services during construction.  One million dollars (2006 dollars) is 
provided for contingency. 

10.7 Expression of Interest 
PCRWRD recognizes the value of engaging the “market” to explore alternative, optimal solutions and 
delivery methods as a means of implementing portions of the PCRWRD’s Capital Improvement Program.  
PCRWRD further recognizes that it is through collaboration with those entities that can make available to 
PCRWRD “world class” innovative solutions that may result in the real cost and time savings while 
implementing the Capital Improvement Program.  To that end, a Request for Expression of Interest was 
developed. 
 
For those responding to the Request for Expression of Interest, PCRWRD receives certain knowledge that 
will provide long-term benefits and value to the customers and citizens of Pima County.  The submissions 
shared provided PCRWRD a better understanding of how public private partnership can be used to meet 
long-term community benefits. 
 
The Request for Expression of Interest and the summary responses to this request are presented in 
Appendix J.  

10.8 Summary 
Costs of the project elements outlined in the ROMP were developed on the basis of 2006 labor and 
construction costs.  The total cost of the ROMP, which includes the Santa Cruz Extension Phase IV, the 
WRC and the Ina Road WRF with support facilities, exceeds $500 million in 2006 dollars. Element costs 
will be packaged into projects that will be procured, designed, constructed and placed into service over 
the next 10 to 20 years.  In an effort to reduce the capital burden, various engineering alternatives were 
discussed and six were chosen for further analysis.  The construction sequence for the chosen alternatives 
was reviewed and a modified construction phasing schedule was determined as an option to reduce the 
capital burden.  A summary of the economic analysis of the ROMP engineering alternatives and the 
packaging and phasing of these projects is presented in Chapter 10.  Chapter 12 presents the 
implementation and financial impacts of the entire PCRWRD CIP. 
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Chapter 11 -  Analysis of ROMP Engineering Alternatives 

11.1 Introduction 
Numerous engineering construction scenarios have been examined in an attempt to reduce the Base Case 
capital burden.  Six of the scenarios were selected as the CIP Engineering Alternatives for further 
examination to compare their financial impacts to the Base Case.  These analyses were required to 
determine the most advantageous financial pathway for the implementation of the ROMP program.  
 
The following six engineering alternatives differ from the Base Case in several ways.  However, the 
greatest common difference between the Base Case, from an economic perspective, and these six 
alternatives is the utilization of chlorine technology rather than ultraviolet radiation to achieve the 
required level of pathogen removal.   
 
All scenarios incorporate assumptions provided in Chapter 10 with the following exception: the Ina Road 
facility construction contract must be awarded 6 months prior to the start-no-later date of January 2011.  
In review of the construction cost analysis, it was determined that there may be some construction 
phasing issues at Ina Road relating to concurrent construction of the wastewater treatment trains and the 
conversion of existing BNRAS facilities to the new arrangement.  This phasing may impact construction 
scheduling, but it was assumed for this analysis that it could be completed within allotted construction 
time.  Because of this phasing, construction cost may be slightly different than what is developed in this 
construction cost estimate. 

11.2 Engineering Alternatives 
The six ROMP Engineering Alternatives are described below. 

Alternative 1:  All at Once – Chlorine Technology WITHOUT Filtration 
Concurrent construction of a new 32 mgd capacity Water Reclamation Campus (WRC) and 
expansion/upgrade of a 50 mgd capacity Ina Road WRF.  Initial construction for the Water Reclamation 
Campus will consist of sitework and facility construction will be delayed for the first year.  Disinfection 
will occur without a preceding filtration step and will be accomplished via a chlorination technology 
process similar to the current disinfection method utilized by the two facilities. Demolition and removal 
of the existing Roger Road WRF occurs after the new Water Reclamation Campus is completed.   

Alternative 2:  All at Once – Chlorine Technology WITH Filtration 
Concurrent construction of a new 32 mgd capacity WRC and expansion/upgrade of a 50 mgd capacity Ina 
Road WRF.  Disinfection will be accomplished via a chlorination technology process similar to the 
current disinfection method utilized by the two facilities including a preceding filtration step. Demolition 
and removal of the existing Roger Road WRF occurs after the Water Reclamation Campus is completed.   
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Alternative 3:  8-mgd WRC Delay – Chlorine Technology WITHOUT Filtration 
Concurrent construction of a new WRC at 24 mgd and repair/expansion of Ina Road WRF to 50 mgd and 
delayed construction of additional 8 mgd at the new WRC upon completion of initial 24 mgd. 
Disinfection will be accomplished via a chlorine technology process similar to the current disinfection 
method utilized by the two facilities. Demolition and removal of the existing Roger Road WRC occurs 
after the new Water Reclamation Campus is completed.   

Alternative 4:  8-mgd WRC Delay – Chlorine Technology WITH Filtration 
This scenario includes all components from the previous alternative, 8-mgd WRC Delay – Chlorine 
Technology WITHOUT Filtration, and only differs from the addition of a filtration system prior to 
chlorine disinfection.  

Alternative 5:  8-mgd WRC Delay – Utilize Roger Road WRF’s Existing Sludge System 
Concurrent construction of a new WRC at 24 mgd and repair/expansion of Ina Road WRF to 50 mgd and 
delayed construction of additional 8 mgd at the WRC upon completion of initial 24 mgd. Disinfection 
will be accomplished via a chlorine technology process similar to the current disinfection method utilized 
by the two facilities including a preceding filtration step. Demolition and removal of the existing Roger 
Road WRF will be delayed to a later date.  This scenario retains current biosolids processing facilities at 
Roger Road WRF and improves current biosolids processing facilities at both Roger Road WRF and Ina 
Road WRF as needed while deferring new construction of sludge facilities at Ina Road WRF’s centralized 
processing until a later date. 

Alternative 6: All at Once – Chlorine Technology WITHOUT Filtration 
Concurrent construction of a new 32 mgd capacity WRC and expansion/upgrade of a 50 mgd capacity Ina 
Road WRF.  Facility construction for the new WRC will occur throughout the duration.  Disinfection will 
occur without a preceding filtration step and will be accomplished via a chlorination technology process 
similar to the current disinfection method utilized by the two facilities. Demolition and removal of the 
existing Roger Road WRF occurs after the new Water Reclamation Campus is complete. 

11.2.1 Treatment Capacity 
Each scenario must provide adequate NdeN treatment capacity for the projected influent flows. A NdeN 
treatment capacity analysis has been completed for each of the five engineering alternatives and all 
alternatives meet the required NdeN capacity for this study.  Provided below are The CIP Engineering 
Alternatives “All at Once” and Alternatives “8-mgd WRC Delay”. 

All at Once – Chlorine Technology WITH & WITHOUT Filtration 
Figure 11-1 shows the treatment capacity flow chart for both Ina Road WRF and the WRC facilities 
through the year 2030.  The green dashed line represents the total NdeN treatment capacity. The NdeN 
capacity by 2014 is 50 mgd represented by completion of the expansion/upgrade of Ina Road WRF.  
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Completion of the new 32 mgd WRC by 2015 provides 84 mgd total NdeN treatment capacity, which is a 
sufficient amount of capacity for treating the total flow (red dashed line). 
 

Figure 11-1 
ROMP Engineering Alternatives “All at Once” Flow Capacity Analysis 
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8-mgd WRC Delay – Chlorine Technology WITH & WITHOUT Filtration and Utilize Roger Road WRF’s 
Existing Sludge System 
Figure 11-2 shows the treatment capacity flow chart for both Ina Road WRF and the new WRC facilities 
through the year 2030.  The green dashed line represents the total NdeN treatment capacity. The NdeN 
capacity by 2014 is 50 mgd as represented by completion of the expansion/upgrade of Ina Road WRF.  
Completion of the new 24 mgd WRC by 2015 provides 74 mgd total NdeN treatment capacity and the 
additional 8 mgd completed by 2019 provide a sufficient amount of capacity for treating the total flow 
(red dashed line). 
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Figure 11-2 
ROMP Engineering Alternative “8-mgd WRC Delay” Flow Capacity Analysis 
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11.2.2 Construction Flow Charts 
Construction flow charts were created to illustrate the preliminary construction schedule for each 
alternative. Key dates and durations were used to determine whether sufficient time was available for the 
various alternatives.  These dates provide sufficient time for completion of each alternative to meet the 
NdeN regulatory requirements and are included in Appendix D.   
 
The following preliminary construction flow charts have been created to determine the plausibility for the 
various CIP Engineering Alternatives to provide treatment capacity meeting the ammonia toxicity 
regulatory requirement dates set in each facility’s respective permit. Enough time must be allotted for the 
Ina Road WRF to be online by January 30, 2014 and for the new WRC by January 30, 2015.  Table 11-1 
shows the duration and start date for each component for Ina Road WRF and the new WRC. 
 

Table 11-1 
Components Required for the CIP Engineering Alternative Completion 

Start Date Duration 
Project Component 

Ina Road WRF New WRC Ina Road New WRC 
Design Procurement August 2007 January 2008 6 Months 6 Months 

Design January 2008    July 2009 24 Months 18 Months 
Construction Procurement* January 2010 January 2010 6 Months 6 Months 

Construction Contract 
Award January 2011 January 2011 - - 

Construction July 2010 January 2011 37 Months  42 Months 
Start-Up & Testing August 2013 August 2014 6 Months 6 Months 

Must be Online  
No Later Than 

January 2014 January 2015 - - 

*Selection of an alternative delivery method may reduce the time for selection of contractor after 
development of plan, longer engineering time, or long construction time. 

11.2.3 Construction Costs 
Construction costs for each alternative were developed initially from the yearly construction costs 
presented in the Base Case.  Alternatives “8-mgd WRC Delay” constructs 24 mgd of the WRC’s 
treatment capacity and delays completion of an additional 8 mgd until 2016. Of these three scenarios, the 
costs for the 24 mgd portion (Phase I) were calculated by taking 75% of the Master Plan’s yearly 
budgeted amount for the duration of that phase of construction.  The 8 mgd portion (Phase II) costs were 
calculated by taking 25% of the Master Plan’s yearly budgeted amount for the duration of that phase of 
construction. An additional 10% of Phase II’s yearly cost has been added to each year of Phase II’s 
duration. This additional 10% accounts for costs associated with beginning a new construction phase, 
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administration, mobilization, demobilization, legal contract development, procurement, etc.  Each of the 
five engineering alternatives costs are shown in Table 11-2. 
 

Table 11-2 
ROMP Engineering Alternative Cost Comparisons 

Alternative Description 

Total Cost* 
(2006 

dollars  
in Millions) 

1 All at Once – Chlorine Technology WITHOUT Filtration $450 
2 All at Once - Chlorine Technology WITH Filtration $480 
3 8-mgd WRC Delay – Chlorine Technology WITHOUT Filtration $455 
4 8-mgd WRC Delay – Chlorine Technology WITH Filtration $485 

5 8-mgd WRC Delay – Utilize Roger Road WRF’s Existing Sludge 
System $485 

6 All at Once – Chlorine Technology WITHOUT Filtration $450 
*Total Cost includes $22.3M for Santa Cruz Extension Phase IV, costs associated with the 50 mgd 
upgrade/expansion of Ina Road, and new construction of the 32 mgd WRC. 

11.3 Economic Analysis 
The financial implications of the ROMP Base Case and the selected alternatives were evaluated over a 
15-year planning period. (FY 2007 – FY 2022).  A planning period of this length was selected as it 
provides sufficient time to address the construction requirements for meeting regulatory compliance 
schedules, while allowing for sufficient time to incorporate the costs of specific funding assumptions that 
are identified in the Baseline Financing Plan (see Chapter 10).  Capital project costs for each alternative 
were escalated annually by 5.0% to reflect the anticipated increase in costs over the forecast period.  
Table 11-3 provides a projection of the annual ROMP project costs for the Base Case and each of the 
selected engineering alternatives.  Figure 11-3 summarizes the total ROMP project costs over the 
planning period.    
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Table 11-3  
 ROMP Engineering Alternatives ($ Millions by Year) 

 
2006/07 2007/08 2008/09 2009/10 2010/11 2011/12 2012/13 2013/14

ROMP Project Costs (1)
Base Case 0.35$          8.10$          51.92$        66.42$        102.31$      140.97$      156.84$      107.45$      
Alternative 1 0.35$          8.10$          21.21$        28.97$        71.21$        153.42$      165.03$      111.84$      
Alternative 2 0.35$          8.10$          21.21$        28.97$        77.24$        167.08$      179.10$      119.47$      
Alternative 3 0.35$          8.10$          21.21$        28.97$        70.60$        147.10$      146.04$      89.99$        
Alternative 4 0.35$          8.10$          21.21$        28.97$        76.63$        160.20$      158.52$      95.91$        
Alternative 5 0.35$          8.10$          21.21$        28.97$        74.82$        157.01$      154.59$      93.76$        
Alternative 6 0.35$          8.10$          22.52$        29.73$        102.24$      144.06$      175.93$      81.50$        

2014/15 2015/16 2016/17 2017/18 2018/19 2019/20 2020/21 2021/22
ROMP Project Costs (1)
Base Case 36.22$        24.14$        7.39$          7.18$          7.82$          -$            -$            -$            
Alternative 1 23.74$        37.06$        8.72$          -$            14.59$        12.77$        -$            -$            
Alternative 2 23.91$        37.06$        8.72$          -$            14.59$        12.77$        -$            -$            
Alternative 3 46.97$        72.31$        10.18$        -$            14.59$        12.77$        -$            -$            
Alternative 4 49.38$        74.84$        10.18$        -$            14.59$        12.77$        -$            -$            
Alternative 5 48.92$        74.35$        10.18$        -$            21.29$        18.39$        -$            -$            
Alternative 6 22.89$        2.77$          -$            -$            43.45$        22.87$        -$            -$            

(1) ROMP project costs are escalated annually at a rate of 5.0%.  
 
 

Figure 11-3 
ROMP Engineering Alternatives - Total Cost ($ Millions) 
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It was determined that the most appropriate metric to serve as basis for comparing the economic impacts 
of the Base Case and the selected alternatives was a net present value (NPV) calculation.  The NPV 
calculation is an effective tool that is designed to capture the difference in the timing of future 
investments, which provides a meaningful basis for comparing alternatives.  For each alternative, the 
projected capital costs identified above were discounted back to a present value term based on a discount 
rate of 4.5%.  The discount rate of 4.5% was chosen as it represented a reasonable proxy for the average 
cost of capital associated with PCRWRD’s most recent revenue bond issuance.   Figure 11-4 presents the 
NPV Calculation for the Base Case and the selected alternatives. 
 
 

Figure 11-4  
ROMP Engineering Alternatives - NPV of Total Costs ($ Millions) 
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11.4 Summary and Recommended Alternative 
The NPV calculation identified Alternative 6 as the most cost-effective ROMP engineering alternative. 
As described previously, Alternative 6 represents the concurrent construction of a new 32 MGD WRC 
and expansion/upgrade of a 50 MGD Ina Road WRF, with both facilities utilizing chlorination 
disinfection without a preceding filtration step.  
 
While it is apparent that Alternative 6 would be the most cost effective approach to delivering the ROMP 
projects, both in terms of total cost and NPV, the feasibility of Alternative 6 has not been fully evaluated. 
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As is the case with the “All at Once” scenarios, Alternative 6 achieves a significant portion of its cost 
savings from the concurrent construction of the full 32 MGD Water Reclamation Campus at Roger Road 
WRF and the upgrades and expansion to 50 MGD at Ina Road WRF.  Concurrent construction phasing 
may introduce some issues at Ina Road WRF that could potentially result in delays in the construction 
schedule at that facility.  The feasibility and constructability of concurrent construction needs to be 
evaluated, as well as any potential cost increases due to this method. Therefore, it needs to be determined 
that concurrent phasing assumptions are feasible and will not result in significant cost increases.. 
 
Additionally, it should also be noted that the Base Case scenario, which has been presented to ADEQ, 
utilizes UV disinfection while many of the alternatives utilize chlorine for disinfection.  While it is likely 
that the use of a chlorination process is indeed feasible, its feasibility has not been positively determined. 
 
Therefore, until the feasibility of Alternative 6 is positively confirmed, the Base Case scenario is 
considered to be the most probable course of action with respect to the implementation of the ROMP 
projects and the economic analysis presented in Chapter 10 is based on the Base Case scenario. 
.
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Chapter 12 -  CIP Implementation & Financing Plans 

12.1 Introduction 
The master plan utilizes a strategic financial analysis to identify the most appropriate and cost effective 
capital program for implementation, while assessing the potential impact on PCRWRD customers.  As 
discussed in Chapter 11, the PCRWRD CIP includes both ROMP capital projects and Non-ROMP capital 
projects. ROMP capital projects are designed to address PCRWRD’s requirement to meet more stringent 
effluent discharge standards, while Non-ROMP capital projects address infrastructure repair and 
replacement and capacity expansion needs within the PCRWRD service area.  The master plan identifies 
several engineering alternatives to address the capital requirements associated with ROMP, including a 
Base Case scenario and 6 alternatives that are each capable of meeting the new effluent regulatory 
requirements by ADEQ’s compliance date.  However, in order to provide a conservative forecast of 
capital costs over the planning period, the financing plan includes the ROMP project costs identified in 
the Base Case rather than the engineering alternative identified in the economic analysis summarized in 
Chapter 11.   
 
This chapter begins with an overview of the components of an effective strategic financial plan and 
discussions related to alternative capital funding options, and follows with a recommendation of the most 
appropriate funding strategy that will meet PCRWRD’s financial objectives. 

12.2 CIP Implementation Plan 

12.2.1 ROMP Project Phasing  
Phasing of the projects to meet the regulatory requirements for ammonia toxicity and growth needs of the 
community will be required across the 15-year planning horizon.  Some projects are immediate, such as 
the plant interconnect pipeline, while other projects will be delayed, such as the demolition of Roger Road 
WRF, which can not occur until the new WRC is constructed and are placed into service.  A project 
timeline driven by regulatory compliance for the new plant interconnect pipeline, new WRC and 
upgrade/expansion at Ina Road WRF, and conveyance system augmentation related to the regional 
optimization master plan is shown below.  Concurrent with the expansion and upgrade projects are the 
projects related to the conveyance system and pump station rehabilitation and the expansion of the Non-
Metro facilities to match rapid growth needs. 
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Figure 12-1 
ROMP Project Timeline 
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The project timeline has been coordinated with the project financing and customer rate impacts described 
later in this chapter 
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12.2.2 Water Reclamation Campus (WRC) Projects 
The construction of the facilities will be phased to meet the needs for regulatory compliance and to match 
the needs of population growth.  In most cases, the phasing will require the completion of Phase 1 before 
the commencement of Phase 2.  Project delivery is listed in preferential order if more than one alternative 
is indicated.  A description of the various project delivery methods available under Arizona law is 
provided in Appendix K.  Instrumentation & Control for the WRC are assumed to be included with the 
Ina Road Instrumentation & Control contracts (see Ina Road Projects).  Dates are given in fiscal years.  
 
Project elements for the Roger Road wastewater facilities by phases are: 
 
Â Phase 1:  Engineering, permitting and procurement services for Phases 2 and 5 to begin 2007/08 

and be completed by 2010. 
Project Delivery: Professional Services Procurement 

 
Â Phase 2:  Facilities to be under construction by 2011 and completed by 2015 are: 

− Incoming Power service/standby power generation  
− Site preparation (temporary administration building) 
− Headworks 
− 24-mgd Bardenpho treatment (includes clarifiers, blowers/mixers) 
− Solids thickening/pumping 
− Disinfection facilities 
− Administration/control building 

Project Delivery: Construction Manager at Risk (CMAR) or Design/Build (D/B) 
 
Â Phase 3:  Engineering, permitting and procurement services for Phase 4 to begin in 2014 and be 

completed by 2015 
Project Delivery: Professional Services Procurement 

 
Â Phase 4:  Facilities to be under construction by 2015 and completed by 2017 are: 

− Existing Roger Road WRF demolition 
Project Delivery: D/B or Design-Bid-Build (D-B-B) 

 
Â Phase 5:  Facilities to be under construction by 2017 and completed by 2020 are: 

− 8-mgd Bardenpho system (including clarifier) 
− Additional gravity belt thickeners 

Project Delivery: Construction Manager at Risk (CMAR) or Design/Build (D/B) 

12.3 Ina Road WRF Projects 
Project elements for the Ina Road wastewater facilities upgrades and expansions by phases are: 
 
Â Phase 1:  Engineering, permitting and procurement services for Phases 2, 3, 4 and 7 to begin 

2007/08 and be completed by 2010. 
Project Delivery: Professional Services Procurement 
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Â Phase 2:  Power facilities to be under construction by 2010 and completed by 2012 are: 
− Power unification/biogas power generation 

Project Delivery: Construction Manager at Risk (CMAR) or Design/Build (D/B) or (biogas power 
could be constructed under a public/private partnership arrangement) 

 
Â Phase 3:  Wastewater reclamation facilities to be under construction by 2010 and completed by 

2014 are: 
− Site preparation 
− Primary clarifier 
− Bardenpho treatment (including clarifiers, blowers/mixers) 
− Disinfection facilities 
− Demolish HPO and oxygen system 

Project Delivery: CMAR or D/B or D-B-B 
 
Â Phase 4:  Biosolids facilities to be under construction by 2010 and completed by 2014 are: 

− Mesophilic digestion (4 new, 4 existing) 
− Gravity thickening (primary sludge) 
− Gravity belt thickening (WAS sludge) 
− Centrifuge dewatering 
− Sludge storage 

Project Delivery: CMAR or D-B-B 
 
Â Phase 5:  Engineering, architectural, permitting and procurement services for Phase 6 to begin 

2007/08 and be completed by 2010. 
Project Delivery: Professional Services Procurement 

 
Â Phase 6:  Support facilities to be under construction by 2010 and completed by 2012: 

− Centralized laboratory 
Project Delivery: Design/Build (D/B) or Construction Manager at Risk (CMAR) 

 
Â Phase 7:  Biosolids facilities to be under construction by 2017 and completed by 2020 to coincide 

with additional wastewater facilities at Roger Road WRF are: 
− Additional mesophilic digester 
− Additional centrifuge thickener 

Project Delivery: D/B or CMAR 
 
Â Phase 8:  Engineering, permitting and procurement services for Phase 9 to begin 2018/19 and be 

completed by 2020. 
Project Delivery: Professional Services Procurement 

 
Â Phase 9:  Future biosolids facilities to be under construction after completion of system-wide 

biosolids management plan and 2020 are: 
− Thermophilic digesters or heat drying or other (Class A) process  

Project Delivery: Design/Build/Operate (D/B/O) or D/B or CMAR or (could be constructed 
earlier under a public/private partnership arrangement) 
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12.3.1 Conveyance System Projects  
The plant interconnect pipeline is a critical part of the upgrade and expansion of the treatment facilities at 
Roger Road WRF and Ina Road WRF.  The need for the construction of the pipeline is immediate.  The 
conceptual route layout has been developed and a fatal flaw and preliminary development analysis is 
nearing completion.  Procurement of professional services for the design and permitting is underway.  A 
construction manager at risk will be selected shortly after the selection of the professional services firm to 
commence the construction process.  The goal of the procurement process is to have the pipeline in 
service as quickly as possible, but not later than 2010. 
 
In addition to the ongoing series of rehabilitation projects in the conveyance system, there are several 
sewer segments that will require augmentation to be able to carry the increased capacity cause by 
population growth in the service areas.  The projects are describe in Chapter 6 and are listed below. 
 
                
 Project Cost 
Project No.  Description (MH to MH) (in 2006 $) 
Year 2010 
Â 4  5627-08A to 9907-49 $2.76 million 
Â 6  8149-05 to 1726-29 $2.30 million 
  3983-05 to 8149-05 $0.48 million 
  1726-29 to 1726-26 $0.87 million 
  1726-26 to 1726-19 $2.35 million 
Â 8  1751-09 to 1751-01 $2.57 million 
Â 9  8626-01 to 6804-15A $0.04 million 

Year 2015 
Â 2  6036-21 to 3979-101 $0.74 million 

 3919-101 to 8031-01 $1.32 million 
Â 5  8130-01 to 1779-02 $0.45 million 
  9917-20 to 9910-21 $3.95 million 
  5667-01 to 5662-01 $3.31 million 
  1779-02 to 5667-01 $1.21 million 
  9910-21 to 9910-19 $0.40 million 
Â 7  4630-09 to 4630-02 $0.73 million 

Year 2020 
Â 1  4636-30A to 4190-05A $4.35 million 
Â 3  8635-11 to 8635-10 $0.31 million 
Â 10  9521-02 to 9549-05 $0.46 million 
Â 11  1708-22 to 6804-15A $1.57 million 
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Costs of sewer augmentation by 5-year periods are: 
 

YEAR TOTAL COSTS
(IN 2006 $) 

2010 $12.94 million
2015 $12.11 million
2020 $5.12 million

12.3.2 Non-Metro Facilities Projects  
Population growth in the Non-Metro regions is creating pressure to expand wastewater facilities at a rapid 
pace.  The goal is to provide the needed facilities when required, but not sooner.  The projected 
expansion(s) of the facilities are provided below.  
 
Non-Metro Facilities 
Siting, land procurement, and design must be completed before construction of a new Southland WRF 
and the existing Non-Metro facilities will be expanded to meet the increasing wastewater flows.  The 
project delivery method for the new construction of the Southland WRF will be CMAR, while all the 
Non-Metro facility expansions will be Design/Build.  The Non-Metro facility expansions and new 
construction phases are listed by each region below. 

 
Â Southwest Region 

− Avra Valley WRF 
× 2006/2007 Expansion 1 (from 1.2 to 2.2 mgd) 
× 2008/2009 Expansion 2 (Phase out existing BNROD and start up two new 

BNROD trains providing a total treatment capacity of 4.0 mgd) 
 
Â Southeast Region 

− Corona de Tucson WRF 
× 2006/2007 Expansion 1 (from 0.3 to 1.3 mgd) 
× 2018/2019 Expansion 2 (from 1.3 to 2.3 mgd) 
× 2027/2028 Expansion 3 (from 2.3 to 3.3 mgd) 

− Southland WRF 
× 2009/2010 New Facility Construction (from 0.0 mgd to 2.0 mgd) 
× 2010/2011 Expansion 1 (from 2.0 mgd to 3.0 mgd) 
× 2012/2013 Expansion 2 (from 3.0 mgd to 4.0 mgd) 
× 2014/2015 Expansion 3 (from 4.0 mgd to 8.0 mgd) 
× 2022/2023 Expansion 4 (from 8.0 mgd to 12.0 mgd) 

 
Â South Region 

− Green Valley WRF 
× 2011/2012 Expansion 1 (from 4.1 mgd to 6.1 mgd) 
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Â Northwest Region 
− Marana WRF 

× 2010/2012 Expansion 1 (from 0.5 to 2.0 mgd)  
 
Â Mt. Lemmon WRF 

− No change unless changes in area restrictions. 

12.4 CIP Financing Plan  

12.4.1 Financial Planning Overview 
When developing a financing plan for a major capital program, a utility must take into account a number 
of key considerations.  These factors are: 
 
Â Risk/Reward Relationship:  Typically, the lower the costs associated with a particular financing 

model, the greater the risks associated with that model.  Therefore, a utility must carefully weigh 
financial rewards associated with a particular financing mechanism against the levels of risk 
associated with that mechanism.  For example, while short-term debt offers lower interest rates, 
the interest-rate risk that results from the need to refinance as the debt matures is greater. In this 
case the utility must decide whether the lower costs justify the increased risks. 

 
Â Multi-year Planning Horizon:  When developing a financing plan, a utility must take into 

consideration future capital needs and the financial circumstances that may exist in the future.  
This will ensure that financing capacity is available for future needs as well as current needs. 

 
Â Rate Stability:  A primary goal of any County utility is rate stabilization.  Therefore, when 

developing a financing plan, the impact of the financing plan on rates should be examined 
carefully.  A low-cost financing plan that causes dramatic rate volatility may not be as desirable as 
a more expensive plan that allows debt service to be structured in a way that will reduce rate 
volatility. 

 
Â Equitable Distribution of Costs:  It is commonly agreed that each utility customer should pay a 

fair share of the costs associated with providing service.  Therefore, when developing a financing 
plan for a specific capital project, a utility must take great care to ensure existing customers are not 
forced to pay an inordinate share of the costs of a project that will actually be of more benefit to 
future customers.  Forcing future customers to recover too much of a project’s costs should also be 
avoided.  This intergenerational equity can be achieved in a number of ways, including the use of 
system development charges or structuring debt service, or both, to be spread in such a way that 
current and future customers end up paying for the portion of the project that benefits them. 

 
After considerable discussion with PCRWRD staff, it was determined that the most appropriate strategy 
for evaluating different financing approaches and assessing customer impacts is to establish a baseline 
financing plan that uses traditional public financing instruments, and then evaluate non-traditional 
financing alternatives, both public and private, that could provide a more cost-effective strategy for 
funding certain components of the CIP.  In each case, only the financing options that were relevant to 
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PCRWRD and its capital planning initiatives were evaluated. An analysis was then performed whereby 
each financing tool considered was evaluated with respect to ten key criteria that were developed to assess 
each financing tools adherence to the to the previously described financial planning considerations and 
the PCRWRD’s financing objectives.  These criteria are: 
 
Â Applicability.  Indicates relevance or practicality of using a particular financing tool for 

PCRWRD’s capital planning initiatives.  Financing options that are inappropriate or not 
relevant for these types of projects are eliminated upfront.  Therefore, this criterion is used to 
assess each option relative to the other options being evaluated for consideration. 

 
Â Legality.  Is a broad characterization as to whether the financing tool under consideration is in 

adherence with federal, state and local legal guidelines. This characterization was developed 
based on conversations with Pima County’s legal advisors; Hawkins, Delafield & Wood; 
representatives of state financing agencies and various financial advisors and bond counsels. 
One of the major factors considered when applying this criterion was whether the financing 
tool had been utilized before on similar projects in the United States. 

 
Â Administrative and Compliance Requirements.  Deals with the level of effort that must be 

undertaken to administer and provide proof of compliance with applicable requirements in 
order to take advantage of the financing tool being considered. 

 
Â Issuance Costs.  Is a relative evaluation of the level of costs, exclusive of interest rate costs, 

associated with being able to utilize the financing tool under consideration.  Among the many 
costs that were considered are costs associated with preparing and printing official statements, 
loan closing costs, and professional advisory fees. 

 
Â Effective Interest Rate.  Is a relative evaluation of the effective interest rate costs associated 

with each financing option.  Interest rate costs are the main component of financing costs and 
therefore, to a great extent, determine the economic attractiveness of a particular financing 
tool. 

 
Â Attractiveness to Vendors.  Is a relative measurement of the willingness of private water 

service contractors to participate in projects that utilize the financing tool under consideration.  
Obviously, this criterion is particularly important with respect to those alternative project 
delivery methods that require the participation of private contractors. 

 
Â Rate Stability.  Is a relative evaluation of the rate stabilizing capabilities that the financing tool 

under consideration offers to the County utility.  Of primary importance is the degree to which 
creative structuring of debt service schedules are possible when using the financing tool under 
consideration.  Another important consideration is the practicality of using the tool being 
evaluated in conjunction with other financing tools. 

 
Â Off Balance Sheet Financing Effects.  Is a broad characterization of how each financing 

option might impact a County utility’s apparent financial strength.  It is important since the 
financing used on one project can affect a County utility’s ability to obtain financing for future 
projects. 
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Â Economic Risk of Tax Requirement Non-Compliance.  Different financing tools are viewed 

in different ways by the Internal Revenue Service (IRS).  Use of some financing tools brings 
with it a greater risk of non-compliance with IRS guidelines.  In some cases, the economic 
impact of non-compliance may be quite large in other cases, non-compliance ramifications 
may be acceptable.  This criterion is a relative evaluation of the economic impact that may 
ensue if the County utility were to fail to adhere to IRS rules and regulations. 

12.4.2 Capital Financing Options and Alternatives 
The baseline financing plan described in Section 12.3 was designed to provide a reasonable assessment of 
the financial and customer impacts of the PCRWRD CIP.  In order to evaluate all possible funding 
alternatives, more non-traditional financing sources and strategies, both public and private, which have 
been used successfully by municipalities across the country were also considered.  Portions of these 
descriptions have been adapted from the following sources: 
 
Â Comprehensive Guide to Water and Wastewater Finance and Pricing by George Raftelis 
Â Government Finance Review, August 2005 Issue, “Understanding Municipal Derivatives” 

 

12.4.2.1 Traditional Public Financing 
In the United States, wastewater utilities are typically financed using some type of public funding.  
Sources of public funding include debt, internal/reserve funds, and federal or state grants.  Debt can either 
take the form of a bond or a loan.  A bond, which is the primary instrument of County utility debt, is a 
written promise to repay borrowed money on a definite schedule usually at a fixed rate of interest for the 
life of the bond.  The key element of utility bonds for Pima County is that they are tax-exempt, meaning 
that investors do not pay taxes on the interest proceeds from the bonds.  As a result, utilities are able to set 
much lower interest rates on their bonds and still have them be attractive to investors.  These lower 
interest rates represent a significant savings to the issuing government when compared to the interest rates 
they would be required to offer if their bonds were not tax-exempt. 
 
A loan differs from a bond in that it is a temporary provision of the specific amount of funds for an 
expenditure that must be repaid in a set amount of time, typically with interest. 
 
A number of typical public financing options and their advantages and disadvantages are described 
below.  Portions of these descriptions have been adapted from the following sources: 
 
Â Comprehensive Guide to Water and Wastewater Finance and Pricing by George Raftelis;  
Â AWWA Manual M29, “Water Utility Capital Financing”;  
Â “A Guidebook of Financial Tools: Paying for Sustainable Environmental Systems” prepared by 

the U.S. EPA’s Environmental Financial Advisory Board, dated April 1999; and 
 
Short-Term Tax-Exempt Debt.  Short-term tax-exempt debt consists primarily of short-term municipal 
bonds and short-term securities known as notes.  These instruments generally have maturities ranging 
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from a few months to a few years, have fixed interest rates, and are issued in anticipation of a bond issue, 
grant proceeds, or tax collections.  Examples include bond anticipation notes (BANs) which are issued in 
anticipation of the sale of long-term bonds; grant anticipation notes (GANs), issued in anticipation of 
receipt of state or federal grants; tax anticipation notes (TANs), issued in anticipation of the receipt of 
taxes; revenue anticipation notes (RANs), issued in anticipation of revenues to be generated by the issuing 
County utility; and tax and revenue anticipation notes (TRANs). 
 
Tax-exempt variable-rate demand notes differ from the traditional fixed-rate notes in that their interest 
rate is tied to market conditions.  These instruments are sold to investors who, after some time, have the 
right to "demand" payment of the face value of the notes.  Because of the high liquidity of variable-rate 
demand notes, they are very attractive to investors and tend to carry a lower rate of interest than less 
flexible, more traditional fixed-rate financing instruments. 
 
Tax-exempt commercial paper is another short-term financing tool.  These instruments are short-term, 
unsecured promissory notes, backed, for liquidity purposes, by a line or letter of credit from a commercial 
bank.  Maturities normally range from one to 270 days. 
 
Short-term debt markets are easily accessed and the interest rates associated with these instruments are 
typically low.  As a result, short-term instruments are commonly used to meet short-term capital needs for 
design and initial construction while waiting for long-term financing.  The use of several consecutive 
short-term debt issues to fund projects with a long useful life can be risky in that interest rates could rise 
significantly meaning that the next short-term issue could be significantly more expensive.   
 
General Obligation Bonds.  General obligation bonds are secured by the full faith and credit of the 
issuing entity. Typical issuers of general obligation bonds include municipalities, counties, special service 
districts with taxing authority, and other government entities. General obligation bonds have a major 
advantage in that they are backed by the full taxing capacity of the government entity, and consequently 
this credit is usually regarded as having the strongest security pledge available and therefore, the lowest 
available net interest cost.   
 
There are, however, disadvantages to general obligation bonds.  Since the issuance of general obligation 
debt typically requires legislative or voter approval, project funding can be delayed significantly 
particularly when the project being funded has a high cost or is politically sensitive.  In addition, 
municipalities typically have a limit on the amount of general obligation debt that they can hold at any 
one time.  Therefore, it is important to take long-term capital needs into account when considering the use 
of general obligation bonds. 
 
Revenue Bonds.  Revenue bonds are debt instruments for which interest and principal are payable solely 
from the revenue generated from a specific project or utility.  In most states, the holders of revenue bonds 
do not have recourse to have taxes levied to pay required debt service.  A major advantage of revenue 
bonds is that they preserve the issuer’s general obligation debt capacity for other projects.  Revenue bonds 
are generally tax-exempt and would be issued at interest rates lower than taxable debt but higher than 
general obligation debt. PCRWRD has historically utilized revenue bonds to fund the majority of its 
significant capital projects.  The current rate on AAA rated, tax exempt insured revenue bond is 
approximately 4.5%. 
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Revenue bonds can have greater flexibility in market timing, and reduced risk if they are presold and can 
have greater flexibility in timing the repayment of principal.  One disadvantage of revenue bonds is that 
they are often encumbered with indentures or ordinances, such as the requirement to establish reserve 
funds and debt coverage ratio requirements.  In addition, in Arizona, revenue bonds also require the prior 
approval of the issuing agency’s voters. 
 
Double Barrel Bonds.  A "double barrel bond" can be viewed as a hybrid of revenue bonds and general 
obligation bonds.  These bonds are secured in a two-tiered manner: (1) the first source of funds used in 
the debt service payments on the bonds is derived from a designated revenue source generated by the 
project, such as user fees; and (2) if the revenue stream is inadequate to pay debt service, ad valorem 
taxes, or the general tax revenue of the government entity, is used.  The double barrel bond will have 
almost the same credit ratings as a general obligation bond and will have interest rates close to if not the 
same as the general obligation bond. 
 
Zero Coupon Bonds and Capital Appreciation Bonds.  Zero coupon bonds are securities that have a zero 
interest rate.  They are typically issued at a fraction of their par value and investors receive par value 
when the bonds mature.  Capital appreciation bonds (CABs) are similar to zero coupon bonds in that no 
periodic interest payments are made.  Instead, the investor receives a lump sum payment of interest and 
principal when the bond matures.   These instruments are attractive to long term investors in that there is 
no need to reinvest periodic interest payments and the return is guaranteed.  From a County utility’s 
standpoint, these securities are often used as a means of structuring debt service in a way that will 
minimize the short-term impact on rate payers and are often used in conjunction with other debt 
instruments.  The current implied interest rate for zero coupon bonds depends on the terms of the bonds. 
 
State Revolving Funds.  The 1996 Safe Drinking Water Act Amendments authorized the funding of 
Drinking Water State Revolving Loan Funds (SRFs) to assist drinking water systems in financing the 
infrastructure costs of complying with the Act and to protect the public health. SRFs provide low-cost 
loans to publicly and privately owned water and wastewater systems, as well as nonprofit community 
ones, for periods up to 20 years.  Many states, including Arizona, leverage funds provided from the 
federal and state government by issuing SRF revenue bonds. 
 
SRF revenue bonds are issued to expand, or leverage, loan funding sources for local projects that meet the 
eligible project criteria under the Drinking Water SRFs.  In Arizona, the Water Infrastructure Finance 
Authority (WIFA) serves as an independent agency of the state and is authorized to issue SRF revenue 
bonds (WIFA revenue bonds) to finance the construction of water, wastewater, wastewater reclamation, 
and other water quality projects.  WIFA’s main source for providing funding for wastewater systems is 
the Clean Water Revolving Fund, which is capitalized by contributions from both the federal and state 
level.  WIFA revenue bonds are issued under the bond leveraging approach and are secured first by local 
general obligation or revenue bond pledges as collateral on loan repayments, and then by debt reserve 
funds underlying the WIFA revenue bond. 
 
In Arizona the interest rate for SRF loans is indexed to the average current tax-exempt bond interest rate 
with the actual interest rate being a fraction of this index. The current index is approximately 4.5%.  The 
fraction of the current tax-exempt bond rate that the SRF will charge an individual County utility is 
determined based on evaluation of the fiscal capacity of County utility.  Specifically, the SRF looks at a 
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County utility's mean annual income, current wastewater rates and charges, credit rating and the cost-
effectiveness of the particular project for which the loan is being obtained. 
 
SRFs probably represent the lowest cost funding for capital projects; however, there are a number of 
administrative hurdles that must be overcome before this financing tool can be utilized.  In addition to a 
fairly stringent application process, voter approval is required before a County utility can access SRF 
funds.  Also, the amount of SRF funds is fairly limited and competition for these funds has been relatively 
intense. In addition, the decision as to whether a County utility is eligible for SRF funds is to a certain 
extent based on need.  Although recently the County has been successful securing SRF funds for certain 
capital projects, it may be difficult for a utility like Pima County, which is financially sound, to continue 
to have access to these funds. 
 
Current Revenues/Reserve Funding.  Internal funding involves a utility using reserve funds as a source 
of funding for a project.  Reserve funds are cash, or cash equivalents, that the utility has accumulated over 
a period of time, either for the purpose of funding specific projects or to be used on an as needed basis. 
Utility reserve funds are typically funded through contributions from user charge revenues and 
supplemented with earnings derived from investing.  Reserve funds can also be acquired through the use 
of system development charges, which require new customers of the system to pay for their proportional 
share of the costs to provide available capacity to serve these customers.  It should be noted, however, 
that revenues derived from system development charges can be restricted for use on only the projects that 
will provide capacity to serve growth.  PCRWRD currently assesses system development charges, or 
“connection fees”, with the revenue derived from these fees being accounted for through a System 
Development Fund and used solely for growth related projects. 
 
Typically, reserve funding can be a very low cost means of financing capital projects since the only cost 
associated with this type of funding is the opportunity cost associated with not being able to earn a return 
on these funds though investing. Since most municipalities restrict their reserve fund investing to 
relatively low risk and therefore low yield investments, this opportunity cost can be quite low.  However, 
internally funding fund capital projects can put significant pressure on user rates and charges and/or 
system development fees.   Therefore, utilities must carefully balance the use of current revenues and 
reserve funds with the short-term and long-term implications on customers.   
 
One disadvantage of reserve fund financing is that any depletion of reserve funds hinders a utility’s ability 
to access these funds in the case of an emergency.  To address this issue, PCRWRD has recently instituted 
a policy whereby their goal for an Emergency Reserve Fund balance is 50% of annual O&M 
expenditures.  As of June 30, 2006, the balance in the PCRWRD’s Emergency Reserve Fund was 
approximately $10 million, which represents approximately 14.3% of budgeted operating expenditures in 
FY 2007.  
 
Leasing/Lease-Purchase.  Under lease financing, one party owns a capital item and leases it to a "using" 
party.  The party owning the capital item is called a lessor, and this party leases the item to a lessee.  The 
lessor retains tax advantages of asset ownership with the lessee paying a rent or lease payment to the 
lessor.  In some cases, there is a purchase provision in the lease.  This provision allows the lessee to 
purchase the capital item during or at the end of the lease period for some predetermined amount, based 
on an agreed-on formula.  This scenario is known as a lease-purchase agreement. 
 



Pima County Regional Wastewater Reclamation Department 
Tucson, Arizona 

Regional Optimization Master Plan 

Regional Optimization Master Plan 
Final Report 

Chapter 12 – CIP Implementation and Financing Plans 

 

12-13 
J:\Projects\Pima Co WM\05302-ROMP\06 Gen Studies-Rpts\6.1 Report\Final Report\Complete Report_07Nov26_Rev2.doc 

Leasing and lease-purchase financing is particularly relevant in Arizona where municipalities can 
establish tax-exempt entities that have the capacity to issue debt.  These entities, called municipal 
property corporations (MPCs), issue debt, with the proceeds used to purchase or construct capital 
facilities.  These facilities are then leased back to the sponsoring utility.  In this way, municipalities are 
able to circumvent the voter approval process for both general obligation and revenue bonds that is 
required in Arizona. 
 
Interest rates on debt issued by an MPC are usually similar to the interest rates on municipal revenue 
bonds.   
 
Certificates of Participation.  Certificates of participation (COPs) are used in conjunction with a leasing 
or rental arrangement.  COPs are securities that are backed by an interest in a stream of rental or lease 
payments.  The issuer is typically a governmental entity such as an MPC.  COPs are typically only used in 
situations where the issuing entity is unable to issue bonds, since the interest rates on COPs are usually 
somewhat higher. 
 
Federal/State Grants.  Federal and state grants are another potential funding source for County utility 
capital projects. A grant is a sum of money awarded to an eligible entity without a demand for repayment. 
Typically, grants are awarded by the federal government to State or local governments, or by States to 
local governments, for the purpose of financing a particular activity or facility. 
 
Grant funding, particularly for wastewater facilities, used to be much more prevalent.  In fact, a large 
portion of the country’s sewer infrastructure was financed with Clean Water Act grants.  However, over 
the past several years, the federal government has all but eliminated its grant programs reflecting the 
philosophy that utilities should be self-sustaining. 
 
Since there are no requirements for the repayment of grants, these are very low cost financing tools.  
However, there is intense competition for a very limited supply of grant funding and typically these grants 
are reserved for municipalities that are unable to utilize other financing tools.  In addition, grant funds 
often have conditions that affect the scope, intent, nature or cost of the project or program in question, 
therefore, by accessing these funds, a County utility may have to forfeit a significant amount of control 
over the project. 
 
Government Loans.  There are a number of government agencies that offer loans to municipalities to 
fund infrastructure improvements.  In fact, the SRFs discussed previously are a form of government loan.  
The U.S. Department of Agriculture has a number of loan programs designed to aid communities in need 
of funds to construct utility improvements; however, most of these programs are designed for use by rural 
utilities and therefore are typically not available to large municipalities.  As with SRF funds and 
government grants, competition for these funds is fierce and priority is generally given to municipalities 
that are disadvantaged in some way. 
 
Direct Source.  Direct source is a financing mechanism whereby the supplier of a piece of equipment 
provides financing.  The utility then makes regularly scheduled payments to the supplier.  This financing 
tool is generally not appropriate for large scale projects and is typically only used to finance individual 
components of a project.  However, some of the private financing methods described later in this report 
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are, in a sense, forms of direct source financing whereby the private contractor that builds a facility is the 
direct source supplier and the utility agrees contractually to make regular payments to the contractor. 

12.4.2.2 Non-Traditional Public Financing Options 

12.4.2.2.1 Interest Rate Swaps, Synthetic Fixed or Variable Rate Debt, and other Derivative 
Products 

The municipal derivatives market has grown significantly over the past decade. A number of state and 
local governments are now executing derivative transactions to reduce borrowing costs, hedge existing 
assets and liabilities, and improve strategic timing for market access, among other reasons. 
 
Most common use for derivatives in the municipal market is the execution of interest rate swaps.  An 
interest rate swap is a contractual agreement between two parties, generally the issuer and a counterparty 
(usually a bank or investment bank), to exchange interest rates for a set period of time.  In a typical 
interest rate swap transaction one party agrees to pay a fixed rate in exchange for a floating rate from the 
other party.  Interest payments are calculated based on a “notional” amount and include only interest; no 
principal is exchanged.  Another form of interest rate swap, referred to as a “basis swap”, involves the 
two parties making payments to each other based on separate floating rates.  Basis swaps are less common 
with municipal issuers.  
 
An interest rate swap often can be used to achieve financing objectives at a cost lower than with more 
traditional financing methods.  For example, an issuer considering long-term financing may issue fixed 
rates bonds and then enter into a variable payer swap for the construction period.  In a variable payer 
swap the issuer agrees to make floating payments and receive fixed payments over the swap term. In 
doing so, the issuer has established the equivalent of variable rate construction period financing and has 
avoided the costs associated typically with issuing variable rate debt (e.g. letter of credit fees, remarketing 
fees).  Conversely, in a fixed payer swap the issuer pays a fixed rate and receives a variable rate.  Issuers 
typically enter into a fixed payer swap to hedge against the interest rate volatility of variable-rate debt.  
Floating rate payments received by the issuer will effectively cancel out the issuer’s variable rate debt 
exposure, which essentially converts the issuer to a net fixed rate payer.  These types of bond related 
swaps provide what is known as synthetic rate debt. 
 
Synthetic rate debt may be either fixed or variable, and it may provide some significant advantages.  As 
discussed above, synthetic variable rate debt can be used as an alternative to other types of short-term 
variable tax-exempt debt (VRDOs, notes, commercial paper, etc.) to avoid the additional costs associated 
with a securing a liquidity facility, credit facility, and/or remarketing services.  Additionally, at times the 
swap market may yield opportunities in which fixed rate synthetic debt or variable rate synthetic debt 
could actually provide lower rates than what is available through traditional sources of financing. 
 
Another common type of derivative used by municipal issuers is called a swaption.  A swaption provides 
a means of synthetic bond refunding by allowing an issuer to sell a counterparty an option to enter into a 
future swap.  The premium paid by the counterparty is an upfront payment, which results in an immediate 
savings to the issuer.  A swaption may be attractive to an issuer that is considering an advanced refunding 
of existing fixed rate debt.  An advanced refunding means that the issuer will actually issue new bonds 
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prior to the call-date on the existing bonds in an effort to invest the proceeds at a rate higher than what 
will be paid on the new bonds.  An effective advanced refunding provides the issuer a positive carry, or 
arbitrage opportunity, as it will be earning the incremental return above its new cost of money. However, 
at certain times conditions will not facilitate an opportunity for arbitrage, as the interest rate an issuer 
could earn on newly borrowed funds is not sufficient to cover the interest rate on the existing bond; this is 
known as negative arbitrage.  For example, an issuer with fixed rate debt contemplating an advanced 
refunding finds that negative arbitrage prohibits an effective refunding.  As an alternative, the issuer sells 
to a counterparty the option to enter into a swap at some future date, which is usually the call date of the 
existing fixed rate bonds.  The swap would require the issuer to pay the counterparty a fixed rate while 
receiving a variable rate.  The agreement can usually be structured such that the issuers continuing 
payments under the swap agreement, if exercised, would be virtually the same as its existing fixed 
payments. If the swap is exercised the issuer would call the old bonds and issue variable rate refunding 
bonds. The variable rate received by the counterparty would offset the variable rate payments due by the 
issuer, and the issuer would continue to make fixed rate payments at the same level as before.  Savings to 
the issuer would be the premium it retained for entering into the swaption, which could be quite large 
depending on the market rates of interest at the time of the option sale. 
 
Although interest rate swaps can be an attractive mechanism to lower borrowing costs they are not 
without risk.  An issuer considering an interest rate swap or similar transaction needs to fully understand 
the obligations of the agreement, as well as the associated risks which generally include: 
 
Â Interest Rate Risk – Risk that rates will increase or decrease affecting the interest rate swap’s cash 

flow and market value. 
Â Basis Risk – At times, there can be a mismatch between the interest rate received by the issuer and 

the interest rate payable on the issuer’s related debt service obligation. For example, in a fixed 
payer swap the floating rate received by the issuer may not exactly equal the floating rate payable 
by the receiver on the variable rate bonds it is hedging. 

Â Termination Risks – An interest rate swap could be terminated prior to its scheduled termination 
date as a result of various circumstances outlined in the agreement.  The termination could be 
related to either party for reasons such as payment default, bankruptcy, covenant default, or certain 
ratings downgrades.  Upon an early termination, a substantial mark-to-market payment could be 
due or payable based on the current value of the transaction. 

Â Amortization Risk – Risk of a mismatch between the principal value and notional amount of the 
related interest rate swap. 

 
It is important for a utility to consider all of these risks prior to entering into a derivative transaction.  If a 
utility is considering the use of derivatives, it should first determine whether it has the legal authority to 
engage in such a transaction.  Should legal authority exist, bond counsel should be consulted to determine 
whether the existing indenture requires revision to cover these types of transactions. 

12.4.2.2.2 Alternative User Fees and Charges 
Many utilities develop alternative user fees or charges when operating and capital costs related to a 
specific purpose are readily identifiable and can be determined with reasonable accuracy.  When this is 
the case, it can make sense for a utility to un-bundle the specific costs associated with a particular cost-
category or driver, and develop an alternative fee or charge as a method of cost recovery. Although 
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specific user fees usually require that customers only be assessed the fee if they exercise the option to use 
the service, a number of utilities have developed alternative fees or charges that apply to all customers as 
a result of specific utility initiatives, such as meeting regulatory requirements.  For example, a utility 
faced with significant capital costs to meet environmental regulations may consider recovering these costs 
through an “Environmental Fee”.  Environmental Fees should be based on cost of service principles and 
be assessed proportionately to all customers.  It is important to remember, however, that although costs 
associated with an Environmental Fee would not be recovered through general user rates, the ultimate 
impact on customers would be essentially the same.  

12.4.2.3 Private Financing 
As discussed in Section 12.3, tax-exempt public financing offers to local government wastewater utilities 
in the United States the opportunity to finance wastewater capital facilities at extremely low costs.  
Nowhere else in the world do utilities have the ability to borrow at rates that are at tax-exempt levels.  As 
a result, there has to be persuasive reasons why a government utility eligible for tax-exempt financing 
would consider private financing for wastewater utility assets.  This section discusses the background of 
private sector financing and evaluates private financing as an alternative for water and wastewater utility 
facilities in the United States and internationally. 

12.4.2.3.1 Overview of Private Financing 
Globally, private sector capital has become commonplace in supporting water and wastewater utility 
construction and permanent financing.  At one time, industrialized and newly developing countries 
primarily used host country governmental funds to finance utility assets.  In disadvantaged, developing 
countries, it is challenging, if not impossible, to generate adequate funds to support environmental, as 
well as other public works infrastructure.  As a result, international lending organizations were established 
as a response to an overwhelming infrastructure need worldwide.  Prominent “nonprofit” lenders that 
were created to address these needs include the World Bank, the Inter-American Development Bank, and 
the Asian Development Bank. 
 
The private sector has emerged as a major force in institutionalized financing of global water and 
wastewater infrastructure.  In addition to serving industrialized countries, sophisticated international 
private contractors have developed a strong understanding of the role of worldwide lending institutions 
and have assisted needy countries in gaining access to low interest loans and grants to build water and 
wastewater facilities.  Particularly over the last ten years, international private contractors have become 
more sophisticated in understanding the risks of providing water service in various international locations.  
At the same time, international lending institutions have become more sophisticated in developing 
relevant financing products that have been used creatively to finance worldwide infrastructure at 
affordable costs.  Increased financing sophistication of private contractors and improved financing 
methods offer attractive alternatives to countries that may not otherwise be able to afford or construct 
needed water improvements.   
 
In the United States, a different approach to financing water and wastewater facilities has evolved in 
addressing environmental requirements and public demands.  As Americans have become aware of the 
health requirements to have safe, potable water supplies for public and commercial purposes, the water 
industry emerged as a major force in public works in the United States.  Americans have prioritized water 
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quality as a major public policy issue, and through its political representatives, passed laws to mandate 
improved water supply and delivery systems. 
 
In the 1900s a two-tiered approach to providing water service emerged.  In many cases, government 
utilities were formed to address water service requirements of growing communities.  Many times these 
utilities took the form of water departments of city and county governments.  As an alternative, stand-
alone government utility authorities were created. Given the priority placed on water quality, grant and 
low interest loans became available to assist government agencies in building needed infrastructure. At 
the same time, private water companies took the initiative to build water infrastructure to address existing 
residential, commercial, and industrial consumer requirements.  In some cases, developers built and 
operated water facilities to support property and housing sales.  As a result, water service by the private 
sector also became a well-established institution in the United States. 
 
To protect the public from the potentially monopolistic position of investor-owned water companies, 
public service commissions were established.  The objective of these commissions was primarily to insure 
through regulation, affordable, cost-effective, and environmentally safe water supply to the public.  
Today, major investor-owned water utilities (IOUs) that are regulated by public service commissions, 
such as Arizona Corporation Commission, include: 
 
Â American Water Works Company 
Â Aqua America (Philadelphia Suburban Water Company) 
Â Elizabeth Town Water Company 
Â California Water Company 
Â Middlessex Water Company 
Â United Water Services 

 
To assist government agencies in providing water service, tax laws were passed which allowed 
government agencies to borrow at attractive tax-exempt interest rates.  An entire financing industry 
developed around the planning, structuring, and delivery of tax-exempt debt to government agencies.  
Tax-exempt instruments such as revenue bonds and general obligation bonds (described in Section 13.3), 
have become commonplace in offering low cost, tax-exempt financing to government utilities.  Major 
investment banking firms that specialize in issuing tax-exempt debt on behalf of their government utility 
clients include: 
 
Â Paine Webber 
Â Bank of America 
Â Merrill Lynch 
Â Bear, Stearns 
Â Morgan Stanley 
Â Goldman Sachs 
Â J.P. Morgan 
Â Citigroup 

 
Initially, public policy limited tax-exempt financing to only governmental agencies.  Private water 
companies were not eligible for these favorable financing instruments.  As a consequence, private water 
companies have had to borrow at levels historically two to three percentage points higher than tax-exempt 
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debt.  Financing methods of the private sector have therefore been more expensive with additional interest 
rate costs being passed to consumers, typically through water rates. 
 
Today, private activity bonds (PABs) and state revolving funds (SRFs) have become available to the 
private sector under certain circumstances for financing needed water facilities.  These long-term debt 
instruments carry with them interest rates comparable to tax-exempt debt, and provide additional 
opportunities to the private sector to compete with public financing approaches. 
 
In general, public tax-exempt financing is the “method of choice” for government agencies, such as Pima 
County, for financing major water and wastewater infrastructure.  This option is appealing, primarily 
because of easy access to low cost, tax-exempt debt.  There are instances, however, when private 
financing offers an attractive alternative to public financing.  Approaches have been developed 
internationally as well as in the United States to provide competitive financing alternatives.  In this 
section, private financing approaches within the United States will be discussed, as will the merits of 
private financing to Pima County. 

12.4.2.3.2 Private Financing within the United States 
As discussed earlier, the private sector’s entry into the water industry was primarily through IOUs or as 
private water companies supporting a real estate development, industrial operation, or commercial 
activity.  In the United Sates, there are over 80,000 private water service providers.  The vast majority of 
these providers serve very small systems. 
 
In the last twenty years, however, a paradigm shift has taken place in the water and wastewater industry.  
Smaller service providers are being purchased by government utilities or larger water companies.  At the 
same time, private contractors are taking a more aggressive role in providing contract operations to 
government utilities.  Even though there are some exceptions, (e.g., Houston, New Orleans, Atlanta, etc.) 
the vast majority of privatized operations are for small to medium size communities.  Furthermore, 
contract operations have focused primarily on treatment plants rather than distribution systems, customer 
services, and administrative support.  Major private contractors providing contract operations around the 
United States include: 
 
Â US Water (Bechtel Enterprises) 
Â AnglianAmerican Environmental Technologies (American Water Works Company and Anglian 

Water Company) 
Â United Water Resources (Suez Lyonnaise) 
Â Operations Management International (CH2M Hill) 
Â Earthtech (TYCO International Limited, LTD) 
Â Aqua Alliance – Veolia Water 

 
Most of these organizations have legal and financial affiliations with larger worldwide international 
private contractors.  (These affiliated larger firms are indicated above in parentheses.)  As a result of the 
evolution of the water industry in the United States, the major private service providers are investor-
owned water utilities and large private contractors with international affiliates.  As depicted in Figure 12-
2 these companies provide a wide variety of privatization services ranging from functional outsourcing 



Pima County Regional Wastewater Reclamation Department 
Tucson, Arizona 

Regional Optimization Master Plan 

Regional Optimization Master Plan 
Final Report 

Chapter 12 – CIP Implementation and Financing Plans 

 

12-19 
J:\Projects\Pima Co WM\05302-ROMP\06 Gen Studies-Rpts\6.1 Report\Final Report\Complete Report_07Nov26_Rev2.doc 

(contracting out functional activities of the utility) to full privatization (investor-owned utility ownership 
and operations). 
 

Figure 12-2 
Privatized Delivery Methods 
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The alternative delivery study currently being performed for Pima County has focused on assessing 
privatization delivery methods (with certain variations) with traditional build-own operate approaches. 

12.4.2.3.3 Private Financing Approaches in the United States 
There are several methods used by IOUs and private contractors in financing capital facilities in the 
United States.  These financing methods are discussed below. 
 
Short-term Taxable Debt.  Short-term notes, commercial paper, and commercial loans are used 
extensively by private contractors to finance smaller capital items (vehicles, equipment, capitalized 
repairs, etc.).  In addition, these sources are used, along with equity, to provide bridge financing for 
permanent long-term financing.  Many times the short-term market is used when long-term lending rates 
are unfavorable, and the private contractor would like to “buy some time” before the permanent financing 
is used. 
 
The short-term market has the advantage of being relatively simple to access with little issuance and 
administrative costs.  The major disadvantage of short-term financing is that it does not offer a long-term, 
permanent solution to a utility’s financing needs.  When short-term borrowing is used (less than five years), 
attractive taxable interest rates of 5 ½ to 6% can usually be realized by preferred borrowers in today’s market. 
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Private Activity Bonds (PABs).  PABs are the creation of Congress and the Internal Revenue Service 
whereby private developers can borrow at tax-exempt rates to build facilities used for specific public 
purposes.  Each state is authorized to issue PABs based on a ceiling of $50 per capita in the state. 
 
Each state has specific rules for the use of PABs.  In Arizona, the PABs are distributed accordingly: 
 
Â 35% – Single-family mortgages 
Â 20% – Student loans 
Â 15% – Manufacturers 
Â 15% – Director’s discretion 
Â 15% – All others 

 
Only 30% of the PABs are available for water and wastewater related projects.  According to Arizona 
Department of Commerce staff, the director’s allocation is used to promote manufacturing jobs, which 
leaves only 15% of the PABs available for water and wastewater projects, as well as other needs.  As a 
result, very few PABs have been used for public water and wastewater projects.  There is a move to 
explore removing the PABs cap for water and wastewater projects, but it is unlikely this will occur in 
time to potentially benefit the PCRWRD. 
 
PABs have the advantage of being tax-exempt and can compete at interest rates comparable to public 
finance.  There are several administrative steps that are required before PABs can be issued.  Typically, 
an economic agency of the government is required to sponsor PABs.  In the case of Pima County, it is the 
Arizona Department of Commerce.  PABs are popular to private contractors because they allow them to 
reduce their overall cost of capital by using tax-exempt debt.  It is highly unlikely, however, that PABs 
would provide a meaningful level of funding for PCRWRD’s CIP.  
 
Taxable Bonds.  Historically, taxable debt has been used routinely by IOUs and private water companies 
in financing capital facilities.  As with tax-exempt bonds, all of the major investment banking firms are 
heavily involved in structuring and issuing taxable bonds.  In today’s market, taxable bond interest rates 
are about 1½ to 2% higher than tax-exempt debt; this premium translates into taxable bond interest rates 
of 6½-7%.  Many times, because of major corporate guarantees, taxable debt can be issued without 
specific credit enhancements such as bond coverage requirements, insurance, reserve fund requirements, 
and high issuance expense. 
 
Equity.  Equity is defined as investment of capital for the purpose of earning a return to owners or 
investors. For water IOUs, state public service commissions typically mandate that utility capital 
structures include a significant portion of equity.  Even though the mandated percentage of equity varies 
from state to state, public service commissions usually require about 30-50% of the capital structure to be 
equity.  While the ACC previously had a mandated percentage of equity, according to ACC staff, this 
requirement has been removed.  Commercial lenders tend to be somewhat more flexible than public 
service commissions in allowing a lower percent of equity to be required in structuring a deal.  In today’s 
capital markets, lending institutions usually require a minimum requirement of about 20% equity. 
 
The advantage of equity is that it is flexible, requires little administration to issue and to use, and can be 
accessed relatively easily.  The major disadvantage of equity is that it requires a higher rate of return to 
reward stockholders for their investment in a specific project. 
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State Revolving Funds (SRFs).  As discussed in Section II, SRFs are available for privately owned 
projects in Arizona.  The major advantage of SRF financing is that it provides access to capital markets at 
interest rates somewhat lower than taxable debt.  In Arizona, SRF interest rates for private projects are 
calculated at 75% of the prime commercial rate.  In today’s market, this calculation translates into a 
lending rate of about 5-6% interest.  Private contractors have argued that the heavy administrative and 
compliance requirements to get SRF financing authorized for a project does not justify the interest rate 
differential over taxable debt.  In Arizona, SRFs have been used by private contractors for smaller 
projects ($10,000-50,000).  In summary, SRF funds will not likely be a strong alternative to private 
contractors for funding major aspects of the PCRWRD capital plan because: 
 
Â The amount of funding will likely be small; 
Â The County’s recent use of SRF funds may limit the amount of SRF funding available for County 

projects; 
Â The availability of funds will be in competition with small priority projects in Arizona; 
Â The interest rate differential between SRFs (5-6%) and taxable bonds (6-7%) does not offer a 

significant financing cost advantage; and 
Â The administration to apply for and comply with SRF requirements adds cost and effort for the 

private contractor. 
 
Tax-Exempt Corporation.  It may be possible for a private company to use tax-exempt MPCs to secure 
project financing.  This might be accomplished in much the same way that the Pima County could utilize 
the CIC, as described in the discussion on public financing options.  The only difference would be that in 
this case the private company, instead of Pima County, would make lease payments to the CIC.  
However, conversations with bond counsel, financial advisors and representative of state financing 
agencies indicate that financing obtained in this way would be subject to the volume cap restrictions that 
apply to PABs.  Therefore, there may not be any advantages to using a tax-exempt corporation when 
compared to traditional PABs. 

12.4.2.3.4 Private Financing Case Studies in the United States 
Historically, most IOU and private water company projects have been privately financed.  Over the past 
ten years, these companies have been aggressive in seeking PABs at tax-exempt interest rates.  Examples 
of water projects that have been financed through PABs include: 
 
Â Boise, Idaho 
Â Illinois American 
Â Tennessee American 
Â United Water New Jersey 
Â United Water New York 

 
In addition, private capital has been used on projects that involved a partnership relationship with the 
local municipality and government utility.  Successfully financed projects include: 
 
Â Town of Cranston, Rhode Island Wastewater Plant 
Â City of Franklin, Ohio Water Plant 
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Â Design/Build/Operate Improvement and Operate Contracts with: 
− City of Wilmington, Delaware 
− Miami Conservancy District, Ohio 
− City of North Brunswick, New Jersey 

12.4.2.3.5 Evaluation of Private Financing Options 
The advantages and disadvantages of various finance methods available to the private contractor are 
summarized in Figure 12-3. 
 

Figure 12-3 
Evaluation of Private Financing Options 
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Short-Term Taxable Debt 3 5 4 3 2 3 4 3 5 5 
Private Activity Bonds 4 4 2 3 4 4 5 4 4 2 
Taxable Bonds 4 5 4 2 2 4 3 3 5 5 
Investment Capital 4 5 5 5 1 5 1 5 5 5 
State Revolving Funds 1 3 1 4 5 5 5 2 3 1 
Tax-exempt Corporation 2 2 3 4 4 4 3 3 5 1 

5 – Most effectively addresses the evaluation criteria 
1 – Least effectively addresses the evaluation criteria 

 
While private financing may have some benefits for PCRWRD, it does not appear that any of the private 
financing tools discussed above are applicable for inclusion in the Baseline Financing Plan for the 
PCRWRD.  However, PCRWRD should continue to explore private financing opportunities that may be 
utilized in conjunction with the alternative project delivery methods discussed in Chapter 10. 

12.4.3 Baseline Financing Plan  

12.4.3.1 PCRWRD Long-term Capital Needs  
The annual cash needed to construct the required facilities over the next 15 years is provided on Figure 
12-4 (ROMP Projects) and Figure 12-5 (Non-ROMP Projects).  The entire PCRWRD CIP is presented in 
Figure 12-6.   
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Figure 12-4  

PCRWRD CIP - ROMP Projects ($ Millions) 
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Figure 12-5  
PCRWRD CIP – Non-ROMP Projects ($ Millions) 
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Figure 12-6  
PCRWRD Capital Improvements Plan ($ Millions) 
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12.4.3.2 Identification of Funding Sources 
No attempt was made to include the entire universe of financing options that are available in today’s 
financial markets.  However, a concerted effort was made to explore all financing tools that might be 
relevant to capital planning scenarios outlined for PCRWRD.  Those financing tools that were considered 
to be relevant were described in the previous section of this report.  After additional examination of each 
of these financing options, it was determined that while all of the listed tools had relevance to the 
PCRWRD’s capital program, the probability that some of the options would or could be utilized was low.  
As a result, several of the financing tools were eliminated prior to final evaluation.  Some of the financing 
options that were eliminated from consideration were disregarded because of marginal ratings with regard 
to several of the previously described evaluation criteria.  For instance, direct source financing received 
low ratings for Effective Interest Rate, Applicability to a project of this size, and Attractiveness to 
Vendors.  Other financing options were eliminated from consideration because they were rated extremely 
low in one particular category.  For example, government loans received a very low Applicability rating 
because these loans are typically reserved for borrowers that are unable to access other funding sources 
and since PCRWRD is capable of receiving funding from a variety of other sources, it was decided that 
government loans were a very unlikely source of funding for the project. 
 
Figure 12-7 presents the public financing tools that were included in the final evaluation and shows their 
ratings with regard to each of the different evaluation criteria.  Each financing tool received a 1 to 5 rating 
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in each of the criteria, with a 5 indicating that the financing tool is most effective in addressing 
PCRWRD’s financing objectives with regard to the corresponding criterion, and a 1 rating indicates that 
the tool is not effective in addressing the PCRWRD’s objectives 
 

Figure 12-7 
Matrix for the Evaluation of Public Financing Options 
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Short-Term Tax-Exempt Debt 
(notes, commercial paper, etc.) 4 5 2 3 4 2 4 3 1 3 

Revenue Bonds/Double Barrel 
Bonds 5 5 4 4 3 4 4 5 1 4 

General Obligation Bonds 2 5 3 4 4 4 4 5 1 3 

Current Revenues/Reserve 
Funds 5 5 4 5 5 5 5 1 1 5 

Lease-Purchase 2 4 3 4 3 2 4 3 3 3 

State Revolving Funds 5 5 2 4 4 4 4 5 1 2 

Miscellaneous (COPs, CABs, 
Zero Coupons, etc.) 4 4 3 4 3 2 4 3 2 3 

5 – Most effectively addresses the evaluation criteria 
1 – Least effectively addresses the evaluation criteria 

 
Based on the results of the evaluation matrix, the two financing options that appear to be particularly 
effective for use in a baseline financing plan are revenue bonds and current revenues/reserve funds.  
These two financing options are discussed in more detail below. 
 
Revenue Bonds.  PCRWRD has utilized revenue bonds historically to fund the majority of its major 
capital initiatives. Although several of the alternatives identified above, such as general obligation bonds 
and SRF loans, could provide PCRWRD with a more cost-effective source of funding, certain non-
economic issues related to each make revenue bonds a more attractive choice.  Specifically, due to the 
size of the PCRWRD capital program, authorizing general obligation bonds to fund the majority of these 
projects could limit funding sources available for other services provided by Pima County.  Even though 
it may be possible for PCRWRD to access a certain level of WIFA funds, the administrative hurdles 
would be significant and the amount of funds available would not likely be significant.  Other short-term 
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financing alternatives could be considered initially during project construction phases as a means of 
lowering PCRWRD’s overall cost of capital, but continuing to utilize short-term funds for long-term 
financing needs would place significant interest rate risk on Pima County.  Since the purpose of a baseline 
financing plan is to provide PCRWRD a conservative estimate of the financial impacts of its capital 
planning initiatives, utilizing traditional financing vehicles such as revenue bonds provide a sound 
foundation to evaluate the potential impacts on Pima County wastewater customers.   
 
Current Revenues – System Development Charges.  As noted previously, PCRWRD assesses system 
development charges to new customers to offset the capital cost of growth.  Since a number of the 
projects outlined in the CIP are related to system expansion to meet forecast demand, the baseline 
financing plan assumes that PCRWRD will continue to use system development charges to fund these 
types of projects.   
 
Capital Funding Sources and Uses.  Pima County approved $150 million in revenue bond funding in its 
2004 Revenue Bond Program (“Series 2004 Bonds”).  Based on the capital cost phasing plan described in 
Section 12.2, approximately $32.2 million of the Series 2004 Bonds will need to be used to fund ROMP 
projects with the remainder being used to fund other projects in the CIP.  Also, Pima County would need 
to authorize an additional $565 million in bonds in its 2008 Revenue Bond Program (“Series 2008 
Bonds”), approximately $399 million in its 2012 Revenue Bond Program (“Series 2012 Bonds”) and 
approximately $153 million in its 2016 Revenue Bond Program (“Series 2016 Bonds”).   The remaining 
funding requirements will be addressed with balances in the System Development Fund.  Figure 12-8 
provides a summary of the baseline financing plan. 
 

Figure 12-8  
Capital Funding Sources and Uses 

1997 Bonds 3,945,440$         
Other CIP 3,945,440$              

2004 Bonds 150,000,000$     
ROMP Projects 32,283,125$            

Other CIP 117,716,875$          
SDF's 144,964,660$     

Other CIP 144,964,660$          
2008 Bonds 565,000,000$     

ROMP Projects 445,000,000$          
Other CIP 120,000,000$          

2012 Bonds 398,698,624$     
ROMP Projects 227,228,957$          

Other CIP 171,469,666$          
2016 Bonds 153,341,187$     

ROMP Projects 1,767,905$              
Other CIP 151,573,282$          

Total ROMP Projects 706,279,987$      
Total Other CIP Projects 709,669,924$      

Total Capital Plan 1,415,949,911$   
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As shown above, the CIP will, for the most part, be funded with a combination of the proceeds for 
revenue bonds, cash reserves and rate revenues.  However, the County and the Project Team will continue 
to pursue financing options that will ultimately reduce the financial impact of the CIP on PCRWRD’s 
customers.  

12.4.3.3 Customer Rate Impacts  
In order to assess the potential financial impact of the proposed CIP and financing plan, a model was 
developed to calculate the estimated impact on the bill of a typical customer.  The model allowed for the 
input of project cost and project phasing/sequencing information, which was used to develop annual 
capital needs for each year of the planning period.  These annual capital needs were then translated into 
capital revenue requirements based on the Baseline Financing Plan described in this chapter.  These 
capital revenue requirements consist of debt service and cash needed to either fund projects or ensure that 
the PCRWRD would meet its debt service coverage requirements.  These capital revenue requirements 
are then combined with O&M expenses to arrive at the utility’s total revenue requirements for each year 
as shown in Figure 12-9.  Total revenue requirements represent the amount of money that PCRWRD 
must generate each year from it various revenue sources, including User Charges and Connection Fees, to 
provide service and support the proposed CIP. 
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Figure 12-9  
Revenue Requirements 

2007 2008 2009 2010 2011 2012 2013 2014
Revenue Requirements ($ Mil.)
Operating & Maintenance (1) 75.4$   77.9$   81.2$   84.3$   87.5$   90.8$   94.2$   99.0$   
Capital
   Debt Service 15.5$   26.2$   26.2$   43.4$   43.4$   75.8$   75.3$   108.7$ 
   Direct CIP Funding (Cash) 22.5$   22.9$   48.1$   9.2$     15.4$   6.8$     2.0$     2.0$     

Total Revenue Requirements 113.4$ 127.0$ 155.5$ 136.9$ 146.3$ 173.4$ 171.6$ 209.6$ 
% Change 12.0% 22.5% -12.0% 6.9% 18.5% -1.1% 22.2%

2015 2016 2017 2018 2019 2020 2021 2022
Revenue Requirements ($ Mil.)
Operating & Maintenance (1) 104.6$ 108.7$ 112.3$ 116.1$ 120.0$ 124.0$ 128.1$ 132.4$ 
Capital
   Debt Service 109.3$ 124.6$ 116.3$ 120.6$ 120.6$ 128.1$ 128.1$ 129.2$ 
   Direct CIP Funding (Cash) 2.0$     2.0$     2.0$     2.0$     2.0$     2.0$     2.0$     2.0$     

Total Revenue Requirements 215.9$ 235.3$ 230.6$ 238.6$ 242.5$ 254.1$ 258.2$ 263.6$ 
% Change 3.0% 9.0% -2.0% 3.5% 1.6% 4.8% 1.6% 2.1%

(1) Includes departmental capital outlays.  
Also shown on the above figure is the percent change in revenue requirements from year to year.  This 
number gives a general indication of the magnitude of the increase in rates and charges that will be 
required.  Figure 12-10 shows how the increases in revenue requirements might impact the bills that 
customers pay.   
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Figure 12-10  
Impacts on Customer Bills 

2006/07 2007/08 2008/09 2009/10 2010/11 2011/12 2012/13 2013/14
Typical Customer Bill (1) 18.98$   21.56$   25.21$   27.90$   30.89$   34.23$   37.33$   40.71$   
% Change 13.6% 16.9% 10.6% 10.7% 10.8% 9.0% 9.1%

Connection Fee (2) 4,724$   5,308$   6,364$   7,151$   8,035$   9,028$   9,953$   10,973$  
% Change 12.4% 19.9% 12.4% 12.4% 12.4% 10.3% 10.3%

2014/15 2015/16 2016/17 2017/18 2018/19 2019/20 2020/21 2021/22
Typical Customer Bill (1) 40.71$   43.12$   43.12$   43.86$   46.05$   46.05$   46.05$   46.05$   
% Change 0.0% 5.9% 0.0% 1.7% 5.0% 0.0% 0.0% 0.0%

Connection Fee (2) 10,973$  11,698$  11,698$  11,899$  12,494$  12,494$  12,494$  12,494$  
% Change 0.0% 6.6% 0.0% 1.7% 5.0% 0.0% 0.0% 0.0%

(1) Represents the monthly sewer bill for a 10ccf customer.
(2) Non-participating connection fees.  

12.4.3.4 Financing Terms 
PCRWRD typically uses 15-year bonds rather than 20-year or 30-years bonds to fund its major capital 
projects. The primary benefit of using 15-year bonds is that the overall cost of borrowing to the County is 
lower than if longer-term financing is selected. However, since principal repayment on 15-year bonds, as 
compared to 20-year or 30-year bonds, is required more quickly, there is additional pressure on revenue 
requirements over the short-term to meet debt service payments, including coverage.  Although the 
continued use of 15-year bonds represents a reasonable, prudent funding strategy, in light of the 
significant size of the PCRWRD CIP, the financial analysis included an assessment of the potential 
impacts of extending the repayment terms in the Baseline Financing Plan beyond the traditional 15 years. 
Figure 12-11 and Figure 12-12, respectively, present the potential customer impacts of using 20-year and 
30-year bonds.  
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Figure 12-11 
Impacts on Customer Bills (20-Year Bonds) 

2006/07 2007/08 2008/09 2009/10 2010/11 2011/12 2012/13 2013/14

Typical Customer Bill (1) 18.98$   21.56$   25.21$   27.45$   29.90$   32.57$   34.91$   37.43$   
% Change 13.6% 16.9% 8.9% 8.9% 9.0% 7.2% 7.2%

Connection Fee (2) 4,724$   5,308$   6,364$   7,017$   7,736$   8,529$   9,225$   9,977$   
% Change 12.4% 19.9% 10.3% 10.3% 10.3% 8.2% 8.2%

2014/15 2015/16 2016/17 2017/18 2018/19 2019/20 2020/21 2021/22

Typical Customer Bill (1) 37.43$   39.97$   39.97$   39.97$   42.73$   42.73$   42.73$   42.73$   
% Change 0.0% 6.8% 0.0% 0.0% 6.9% 0.0% 0.0% 0.0%

Connection Fee (2) 9,977$   10,740$  10,740$  10,740$  11,483$  11,483$  11,483$  11,483$  
% Change 0.0% 7.6% 0.0% 0.0% 6.9% 0.0% 0.0% 0.0%

(1) Represents the monthly sewer bill for a 10ccf customer.
(2) Non-participating connection fees.  
 

Figure 12-12  
Impacts on Customer Bills (30-Year Bonds) 

2006/07 2007/08 2008/09 2009/10 2010/11 2011/12 2012/13 2013/14

Typical Customer Bill (1) 18.98$   21.56$   25.21$   27.00$   28.91$   30.98$   32.63$   34.39$   
% Change 13.6% 16.9% 7.1% 7.1% 7.1% 5.3% 5.4%

Connection Fee (2) 4,724$   5,308$   6,364$   6,884$   7,445$   8,053$   8,543$   9,064$   
% Change 12.4% 19.9% 8.2% 8.2% 8.2% 6.1% 6.1%

2014/15 2015/16 2016/17 2017/18 2018/19 2019/20 2020/21 2021/22

Typical Customer Bill (1) 34.39$   36.86$   36.86$   36.86$   39.85$   39.85$   39.85$   39.85$   
% Change 0.0% 7.2% 0.0% 0.0% 8.1% 0.0% 0.0% 0.0%

Connection Fee (2) 9,064$   9,803$   9,803$   9,803$   10,597$  10,597$  10,597$  10,597$  
% Change 0.0% 8.2% 0.0% 0.0% 8.1% 0.0% 0.0% 0.0%

(1) Represents the monthly sewer bill for a 10ccf customer.
(2) Non-participating connection fees.  
 
A longer term repayment structure reduces PCRWRD’s annual debt service obligation and lowers the 
potential impacts on customers over the planning period.  However, by extending the repayment terms the 
total cost of borrowing increases as bond principal is retired over a longer period of time. Figure 12-13 
summarizes total borrowing costs, both principal and interest, associated with using 15-year, 20-year, or 
30-year bonds in the Baseline Financing Plan.  
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Figure 12-13  

Total Cost of Borrowing 
 

Term Principal (1) Interest Total

15 1,150,551,004$       540,364,603$          1,690,915,607$       

20 1,150,551,004$       735,254,630$          1,885,805,634$       

30 1,150,551,004$       1,159,189,348$       2,309,740,352$       

(1) Principal value represents funding needs in the 2008, 2012 and 2016 revenue bonds, plus 3% issuance costs.  

12.4.4 Additional Financing Consideration 
Our analysis of the PCRWRD’s options for funding its capital program indicates that from a broad 
perspective, the Baseline Financing Plan, which uses a mix of revenue bonds and cash reserves to fund 
the PCRWRD CIP, is the most efficient and cost effective overall capital funding approach.  However, 
the analysis also revealed several opportunities that should be pursued further during the implementation 
of the CIP.   
 
Specifically, PCRWRD should: 
 

• Use alternative charges to increase revenues.  The use of alternative charges such as 
Environmental Fees or Repair & Rehabilitation Fees may be more politically attractive than 
simply increasing the current rates and charges by the amount needed to generate the cash 
needed to implement the Baseline Financing Plan.  While the out-of-pocket cost for most 
customers will be the same if alternative charges are developed, the use of these charges can 
make the increased costs more palatable. 

 
• Optimize current rates and charges.  In general, current Connection Fees are designed to 

recover the costs associated with making capacity available to new customers and User Charges 
are designed to recover the costs associated with the day-to-day operation, maintenance, repair 
and replacement of the system.  Ensuring that these charges are only recovering the costs they 
were designed to recover from the appropriate customers should help to increase customer 
acceptance of the rate increases that will be necessary to implement the CIP. 

 
• Issue bonds with terms consistent with the life of the assets they are being used to fund.  

The use of bonds with terms of 20 to 30 years more closely approximates the useful life of the 
assets that are included in the CIP.  While the total cost of borrowing associated with longer 
term bonds is greater, the matching of bond terms to asset useful life has multiple benefits 
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including increased intergenerational equity and greater rate stability as costs are amortized 
over longer periods.   

    
• Continue to investigate the use of WIFA funds for a portion of its CIP.  While the relative 

lack of availability of these funds and the more stringent  administrative requirements that 
accompany their use reduces their attractiveness, the lower interest rates associated with WIFA 
funds could help to mitigate adverse rate impacts. 

 
• Utilize short-term instruments, interest rate swaps and other derivatives.  While the use of 

these creative financing techniques would change PCRWRD’s risk profile, other utilities in 
Arizona and throughout the country have demonstrated that these techniques, if used 
responsibly, can significantly reduce financing costs without an inordinate increase in risk. 

 
Explore private financing options.  In terms of the cost of borrowing, it is very difficult to beat tax-
exempt bonds; however, the costs associated with creative financing approaches that utilize private funds 
have been approaching the cost of tax-exempt funding.  As implementation of the CIP progresses, 
PCRWRD should continue to explore financing options that may be offered by private funding sources, 
particularly in cases where private partners are already involved in the delivery of the project.  
Additionally, recent legislative efforts have sought to increase the availability of Private Activity Bonds.  
If these efforts are successful, private financing costs could decrease dramatically. 
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138

Process Type: 5-Stage Bardenpho 
Nitrification – Plant Capacity: 50 MGD

139

Process Type: 5-Stage Bardenpho 
Nitrification – Plant Capacity: 50 MGD

$104,700
Present Worth

$1,700Estimated Annual Methanol Cost

$2,500Estimated Annual Power Cost

$52,500Denitrification  Filters

$11,500Primary Clarifiers, Aeration Tanks 
and Secondary Clarifiers

Cost ($1000’s)Item
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140

Process Type: 5-Stage Bardenpho 
Nitrification – Plant Capacity: 62 MGD

141

Process Type: 5-Stage Bardenpho 
Nitrification – Plant Capacity: 62 MGD

$142,900Present Worth

$2,000Estimated Annual Methanol Cost

$3,100Estimated Annual Power Cost

$65,100Denitrification  Filters

$27,200Primary Clarifiers, Aeration Tanks 
and Secondary Clarifiers

Cost ($1000’s)Item
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142

Process Type: 5-Stage Bardenpho 
Nitrification – Plant Capacity: 82 MGD

143

Process Type: 5-Stage Bardenpho 
Nitrification – Plant Capacity: 82 MGD

$222,700Present Worth

$2,700Estimated Annual Methanol Cost

$4,100Estimated Annual Power Cost

$86,100Denitrification  Filters

$69,700Primary Clarifiers, Aeration Tanks 
and Secondary Clarifiers

Cost ($1000’s)Item
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144

Process Type: 5-Stage Bardenpho NdeN
Plant Capacity: 50 MGD

145

Process Type: 5-Stage Bardenpho NdeN
Plant Capacity: 50 MGD

$88,100Present Worth

$0Estimated Annual Methanol Cost

$2,300Estimated Annual Power Cost

$20,100Rapid Sand Filters

$45,400Primary Clarifiers, Aeration Tanks 
and Secondary Clarifiers

Cost ($1000’s)Item
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146

Process Type: 5-Stage Bardenpho NdeN
Plant Capacity: 62 MGD

147

Process Type: 5-Stage Bardenpho NdeN
Plant Capacity: 62 MGD

$121,900Present Worth
$0Estimated Annual Methanol Cost

$2,900Estimated Annual Power Cost

$25,000Rapid Sand Filters

$68,400Primary Clarifiers, Aeration Tanks 
and Secondary Clarifiers

Cost ($1000’s)Item



36

148

Process Type: 5-Stage Bardenpho NdeN
Plant Capacity: 82 MGD

149

Process Type: 5-Stage Bardenpho NdeN
Plant Capacity: 82 MGD

$177,200Present Worth

$0Estimated Annual Methanol Cost

$3,800Estimated Annual Power Cost

$33,000Rapid Sand Filters

$106,900Primary Clarifiers, Aeration Tanks 
and Secondary Clarifiers

Cost ($1000’s)Item
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150

AN = Anaerobic
AX = Anoxic
OX = Oxic
FC = Final Clarifier
DNF = Denit Filter
RSF = Rapid Sand Filter

Step Feed

WAS

B.  NdeN

FC RSF

Inf

EffOXAX ANAXOXAN

IR ≤ 400% IR ≤ 400%

RAS WAS

A.  Nitrification

Inf
Methanol

FC DNFOXAX ANAXOXAN Eff

151

Step Feed

Step Feed dropped for further 
consideration:

Á Same reasons as stated for Roger Road 
WWTP
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152

AN = Anaerobic
AX = Anoxic
OX = Oxic
FC = Final Clarifier
DNF = Denit Filter
RSF = Rapid Sand Filter

IFAS

Eff

Eff

Packing 
20-60%

FC DNFInf AN OX

FC RSFInf AN AX AX

IFAS - Nitrification

IFAS - NdeN

WASRAS

IR ≤ 400%

Methanol

OX OX OX

OX OX

WAS

153

Process Type: IFAS Nitrification
Plant Capacity: 50 MGD
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154

Process Type: IFAS Nitrification
Plant Capacity: 50 MGD

$134,100Present Worth

$1,500Estimated Annual Methanol Cost

$3,900Estimated Annual Power Cost

$52,500Denitrification  Filters

$39,700Primary Clarifiers, Aeration Tanks 
and Secondary Clarifiers

Cost ($1000’s)Item

155

Process Type: IFAS Nitrification
Plant Capacity: 62 MGD
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156

Process Type: IFAS Nitrification
Plant Capacity: 62 MGD

$180,200Present Worth

$1,800Estimated Annual Methanol Cost

$4,800Estimated Annual Power Cost

$65,100Denitrification  Filters

$50,300Primary Clarifiers, Aeration Tanks 
and Secondary Clarifiers

Cost ($1000’s)Item

157

Process Type: IFAS Nitrification
Plant Capacity: 82 MGD
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158

Process Type: IFAS Nitrification
Plant Capacity: 82 MGD

$263,300Present Worth

$2,400Estimated Annual Methanol Cost

$6,400Estimated Annual Power Cost

$86,100Denitrification  Filters

$91,100Primary Clarifiers, Aeration Tanks 
and Secondary Clarifiers

Cost ($1000’s)Item

159

Process Type: IFAS NdeN
Plant Capacity: 50 MGD
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160

Process Type: IFAS NdeN
Plant Capacity: 50 MGD

$125,800Present Worth

$0Estimated Annual Methanol Cost

$3,900Estimated Annual Power Cost

$20,100Rapid Sand Filters

$67,400Primary Clarifiers, Aeration Tanks 
and Secondary Clarifiers

Cost ($1000’s)Item

161

Process Type: IFAS NdeN
Plant Capacity: 62 MGD
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162

Process Type: IFAS NdeN
Plant Capacity: 62 MGD

$159,900Present Worth

$0Estimated Annual Methanol Cost

$4,800Estimated Annual Power Cost

$25,000Rapid Sand Filters

$86,800Primary Clarifiers, Aeration Tanks 
and Secondary Clarifiers

Cost ($1000’s)Item

163

Process Type: IFAS NdeN
Plant Capacity: 82 MGD
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164

Process Type: IFAS NdeN
Plant Capacity: 82 MGD

$219,100Present Worth

$0Estimated Annual Methanol Cost

$6,400Estimated Annual Power Cost

$33,000Rapid Sand Filters

$123,300Primary Clarifiers, Aeration Tanks 
and Secondary Clarifiers

Cost ($1000’s)Item

165

MBR
AN = Anaerobic
AX = Anoxic
OX = Oxic
FC = Final Clarifier
DNF = Denit Filter
RSF = Rapid Sand Filter

OX

OX

Inf AN OX

Inf AN AX AX Eff

MBR - Nitrification

MBR - NdeN

WASRAS

IR ≤ 400%

DNF

Methanol

OX OX

OX

M

M

Membrane

WAS

Eff
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166

Process Type: MBR Nitrification
Plant Capacity: 50 MGD

167

Process Type: MBR Nitrification
Plant Capacity: 50 MGD

$317,300Present Worth
$1,200Estimated Annual Methanol Cost
$6,500Estimated Annual Power Cost

$52,500Denitrification  Filters

$188,800
Primary Clarifiers, Aeration Tanks 
(Addition of Membranes to Existing 
Aeration Tanks) and Secondary Clarifiers

Cost ($1000’s)Item
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168

Process Type: MBR Nitrification.
Plant Capacity: 62 MGD

169

Process Type: MBR Nitrification.
Plant Capacity: 62 MGD

$402,500Present Worth

$1,500Estimated Annual Methanol Cost

$8,000Estimated Annual Power Cost

$65,100Denitrification  Filters

$243,800Primary Clarifiers, Aeration Tanks 
and Secondary Clarifiers

Cost ($1000’s)Item
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170

Process Type: MBR Nitrification.
Plant Capacity: 82 MGD

171

Process Type: MBR Nitrification.
Plant Capacity: 82 MGD

$550,000Present Worth

$2,000Estimated Annual Methanol Cost

$10,600Estimated Annual Power Cost

$86,100Denitrification  Filters

$339,900Primary Clarifiers, Aeration Tanks 
and Secondary Clarifiers

Cost ($1000’s)Item
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172

Process Type: MBR NdeN
Plant Capacity: 50 MGD

173

Process Type: MBR NdeN
Plant Capacity: 50 MGD

$305,400Present Worth

$0Estimated Annual Methanol Cost

$6,500
Estimated Annual Power Cost

$0Rapid Sand Filters

$231,600Primary Clarifiers, Aeration Tanks 
and Secondary Clarifiers

Cost ($1000’s)Item
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174

Process Type: MBR NdeN
Plant Capacity: 62 MGD

175

Process Type: MBR NdeN
Plant Capacity: 62 MGD

$386,900Present Worth

$0Estimated Annual Methanol Cost

$8,000Estimated Annual Power Cost

$0Rapid Sand Filters

$308,400Primary Clarifiers, Aeration Tanks 
and Secondary Clarifiers

Cost ($1000’s)Item
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176

Process Type: MBR NdeN
Plant Capacity: 82 MGD

177

Process Type: MBR NdeN
Plant Capacity: 82 MGD

$523,800Present Worth

$0Estimated Annual Methanol Cost

$10,600Estimated Annual Power Cost

$0Rapid Sand Filters

$419,700Primary Clarifiers, Aeration Tanks 
and Secondary Clarifiers

Cost ($1000’s)Item
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178

50-mgd Capacity – Nitrification vs. 
NdeN

$305,400$317,300MBR
$125,800$134,100IFAS
$88,100$104,7005-Stage Bardenpho
$115,500$116,000MLE

NdeN
Present Worth

($1000’s)

Nitrification
Present Worth

($1000’s)
Process

179

62-mgd Capacity – Nitrification vs. 
NdeN

$386,900$402,500MBR
$159,900$180,200IFAS
$121,900$142,9005-Stage Bardenpho
$155,400$156,000MLE

NdeN
Present Worth

($1000’s)

Nitrification
Present Worth

($1000’s)
Process
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180

82-mgd Capacity – Nitrification vs. 
NdeN

$523,800$550,000MBR
$219,100$263,300IFAS
$177,200$222,7005-Stage Bardenpho
$222,000$222,700MLE

NdeN
Present Worth

($1000’s)

Nitrification
Present Worth

($1000’s)
Process

181

Present Worth Comparison of Existing Plan, 
Transfer Some and Transfer All – $1000’s

$550,000$528,400$519,200MBR

$263,300$221,800$210,900IFAS

$227,900$182,000$172,5005-Stage Bardenpho

$222,700$194,100$181,800MLE

Transfer All 
RR = 0  MGD
IR = 82 MGD

Transfer Some
RR = 20 MGD
IR = 62 MGD

Existing
RR = 32 MGD
IR = 50 MGD

Process
Nitrification
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182

Present Worth Comparison of Existing Plan, 
Transfer Some and Transfer All – $1000’s

$523,800$494,300$498,600MBR

$219,100$192,900$184,200IFAS

$177,200$150,200$139,0005-Stage Bardenpho

$222,000$193,200$183,300MLE

Transfer All 
RR = 0  MGD
IR = 82 MGD

Transfer Some
RR = 20 MGD
IR = 62 MGD

Existing
RR = 32 MGD
IR = 50 MGD

Process
NdeN

Matrix Evaluation

Gordon Culp
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184

Recommended Process

Ease of Maintaining 
Treatment Capacity 
during Construction

Resource Consumption

Site Compatibility

Present Worth Cost, 
Capital + O&M 

--oo++++Proven Process

--o+o+o+Operability

MBR 
NdeN

MBR 
NIT

IFAS 
NdeN

IFAS 
NIT

Bardenpho 
NdeN

Bardenpho 
NIT

MLE 
NdeN

MLE 
NITROGER ROAD

Matrix Evaluation

185

Recommended Process

Ease of Maintaining 
Treatment Capacity 
during Construction

Resource Consumption

Site Compatibility

Present Worth Cost, 
Capital + O&M 

--oo++++Proven Process
--o+o+o+Operability

MBR 
NdeN

MBR 
NIT

IFAS 
NdeN

IFAS 
NIT

Bardenpho 
NdeN

Bardenpho 
NIT

MLE 
NdeN

MLE 
NITINA ROAD

Matrix Evaluation
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186

Recommended Process

----Ease of Maintaining 
Treatment Capacity 
during Construction

-++-Resource Consumption

ooooSite Compatibility

--+-Present Worth Cost, 
Capital + O&M 

-o++Proven Process

-oooOperability

MBR 
NdeN

MBR 
NIT

IFAS 
NdeN

IFAS 
NIT

Bardenpho 
NdeN

Bardenpho 
NIT

MLE 
NdeN

MLE 
NITROGER ROAD

Matrix Evaluation

187

Recommended Process

++++Ease of Maintaining 
Treatment Capacity 
during Construction

--+-Resource Consumption

+++-Site Compatibility

--+-Present Worth Cost, 
Capital + O&M 

-o++Proven Process

-oooOperability

MBR 
NdeN

MBR 
NIT

IFAS 
NdeN

IFAS 
NIT

Bardenpho 
NdeN

Bardenpho 
NIT

MLE 
NdeN

MLE 
NITINA ROAD

Matrix Evaluation
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Summary

Anne Smith

189
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Workshop #7 Meeting Notes 
Biosolids 

 
1. The Biosolids Workshop for Pima County Regional Optimization Master Plan was held on July 

19, 2006.  The workshop agenda is attached.  Attendance included: 
 

PCWMD 
Director 

Michael Gritzuk 
Deputy Directors 

Paul Bennett 
Jackson Jenkins 
Mike Bunch 

PCWMD Staff 
David Bartos 
Tom Berry 
James Doyle 
Houssam Eljerdi 
Dennis Froehlich 
Frank Gall 
Mary Hamilton 
Michael Kostrzewski 
Frank Luiz 
Jing Luo 
Byron McMillan 
John Munden 
Steve Munsell 
Jeff Prevatt 
Prakash Rao 
Helen Rhudy 

PCWMD Staff (cont.) 
Bill Richardson 
Ron Riska, Project Manager 
John Sherlock 
Jack Van Riper 
John Warner 
Ken Weber 

TUCSON WATER 
Tucson Water Staff 

Melodee Loyer 
Mark Seamans 

 
PEER GROUP 
 Gary Newman, B&C 

Denny Parker, B&C 
 
GREELEY AND HANSEN 
PROJECT TEAM 

Jerry Bish 
Gordon Culp 
Carl Koch 
Andy Richardson 
Steve Sticklen 
Beth Vogt 

 
2. Major topics of the workshop were: 
 

• Workshop #7:  Biosolids 
► Summary of Previous Studies/Condition Assessment 
► Current Biosolids Handling at Roger Road and Ina Road Plants 
► Current Disposal Options in Pima County 
► Future Disposal Options 
► Future Biosolids Handling Issues 
► Class A Drivers and Status for Pima County 
► Class A Options 
► Screening of Class A Options 
► Development of Most Likely Class A Alternatives 
► Next Steps in Biosolids Analysis 
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A set of handouts were provided to each attendee of the presentation slides used during the 
workshop. 
 
Throughout the workshop, notes were recorded on a series of “flip-charts”.  Those notes 
summarize questions, comments, and notes to be utilized by the project team while conducting 
the study.  The flip-chart notes are attached. 

 
3. Andy Richardson provided a few opening remarks and defined his role as the facilitator.  The 

group reviewed the meeting goals and provided additional comments on goals for the workshop.  
Workshop goals included: 

 
• Review of biosolids regulatory requirements, 
• Shortlist biosolids alternatives, 
• Consider impacts of biosolids on plant operations, 
• Relate biosolids options to the plant liquid stream options, 
• Discuss timing of Class A conversion, and 
• Discuss biosolids plan for the satellite facilities. 

 
Agenda, ground rules and objectives/goals of the workshop were presented and covered on pages 
1 through 4 of the handout. 

 
4. Beth Vogt identified and summarized previous study results as they relate to biosolids processing 

and disposal.  Discussions on the previous studies included:  one gravity belt thickener (GBT) is 
on order for Roger Road WWTP to increase solids concentration to the digesters, dissolved air 
flotation thickeners have been returned to service at Roger Road WWTP, Operations is looking at 
converting Digester 5 at Roger Road WWTP into a primary digester, and Pima County does not 
have any acreage registered for land application (all land is registered by the private contractor).  
In addition, Mike Gritzuk indicated that the project team needs to look at making money from 
Class A biosolids products, if possible.  

 
Summary of the previous studies were covered on pages 4 through 6 of the handout. 

 
5. Beth Vogt provided a summary of the condition assessments for both Ina Road WPCF and Roger 

Road WWTP with respect to solids handling facilities.  The most significant issue discussed was 
the unknown structural condition of Digester 3 at Roger Road WWTP.  Digester 3 is the oldest 
digester, from the 1950’s, with a flat concrete roof.  There are known leaks at the gas box atop the 
digester.  As the digester has not been inspected inside for some time, there is concern about the 
stability of this digester.  The County can not currently take a digester offline for cleaning and 
maintenance or they will be unable to meet Class B processing requirements.   

 
John Sherlock indicated that contingency plans have been developed to deal with the unknown 
condition of Digester 3.  They include:  addition of the GBT to thicken sludge to the digesters to 
5%, conversion of Digester 5 to a primary, or pumping waste activated sludge (WAS) from Roger 
Road WWTP to Ina Road WPCF for digestion. 
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Other current sludge processing issues discussed included: 
 
• Only one (20+ year old) bladder at Ina Road WPCF -- no redundancy (John Munden),  
• Truck loading facilities need improvements (John Munden),  
• Centrifuge facility is marginally capable of handling current sludge quantities (Jackson 

Jenkins),  
• Ina Road WPCF can now produce and pump cake from dewatering, but it is not desirable to 

the land applicator (land owner wants the water in the sludge),  
• By contract the current disposal plan using a private contractor is good for next 8 years 
• Pinal County disposal sites are of concern due to potential road damage, and  
• County is rebuilding vaults and valving on the sludge transfer line between Roger Road 

WPCF and Ina Road WPCF. 
 
Review of the condition assessment of the solids handling facilities was covered on pages 6 and 7 
of the handout. 
 

6. Beth Vogt presented a summary of the information currently received by the project team on existing 
biosolids handling at Roger Road WWTP, Ina Road WPCF, and outlying facilities.  The project team 
has requested additional solids processing data from each facility, such as sludge flows.  Future 
sludge quantities were developed for the three system options, as well as, the future outlying 
facilities. Over time there will be substantially more sludge generated in the outlying facilities.  

 
At this time Randolph Park WRP sludge is processed at Ina Road WPCF.  It was noted that 
current treatment plants are relatively high rate processes that generate more sludge than most 
nitrification/denitrification facilities.  So values used in the screening analysis are high compared 
to probable future sludge generation.  However, competing issues, such as phosphorus removal 
requiring chemicals will increase sludge quantities.  Denny Parker indicated that P removal, if 
ever required, may be lower than 1.0 mg/L assumed in the process evaluation.  The standard may 
be as low as 0.2 mg/L or 0.1 mg/L.  From the discussion it was agreed that for screening 
purposes, the sludge quantities presented were acceptable. 

 
Frank Gall noted that Avra Valley WWTP sludge goes to Roger Road WWTP not Ina Road 
WPCF, and currently Corona de Tucson WWTP sludge is thickened and goes directly to landfill.  
Trucking costs for transporting sludge from the outlying plants are considerable and the County 
would like this to be addressed in the long term planning of these facilities.  Currently, plants of 
about 1 MGD require 5 to 6 tanker trucks per day and the sludge is transported to the nearest 
manhole, which may be 20 miles away.  Also, there is no overall biosolids handling strategy in 
place for the outlying areas, although Dennis Froehlich indicated that one is underway.  Mike 
Gritzuk asked how the solids at the Tucson Water Sweetwater wetland facilities were handled.  
Residual solids are periodically dredged and dispose of in a landfill. 
 
It was suggested that at a minimum that each of the outlying areas have the capacity to dewater 
and haul. In all cases, centrate recycle and tanker truck discharges of sludge must be considered 
as an impact for alternative(s) selected for the plan.   
 
The existing biosolids handling operations were summarized on pages 8 through 10 of the 
handout.  
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7. Beth Vogt summarized current disposal options available to the County.  Most sludge is taken to 

land application at about 2% to 3% solids.  Land owners like the water content of the sludge.  There 
is one owner of the majority, if not all, of the land available for sludge disposal.  Currently the haul 
distance is less than 25 miles, but as growth continues, hauls to Pinal County and elsewhere will 
require a haul distance of approximately 40 miles over the next 5 years.  Paul Bennett indicated that 
landfilling is available, but the currently utilized landfill (Tangerine) is going to close soon and the 
remaining landfill is owned by the County, which is farther away.  Landfilling should continue to be 
a backup option, as having a multiple outlet approach for sludge disposal is essential.   

 
Green Valley WWTP sludge is dried and hauled for mine reclamation through the University of 
Arizona demonstration project.  Frank Gall believes that the Green Valley WWTP demonstration 
program is good for 5 to 10 years.  Mine disposal is a good option for the mines will continue 
with closure mitigation programs, but most likely will not be a stable enough market for all 
sludge generated at the County wastewater facilities.  

  
Future Class A disposal options include all of the existing disposal outlets plus non-traditional 
markets such as, landscapers, golf courses, DOT, forest fire reclamation areas and direct sales to 
customers depending on the type of end-product.  All non-traditional markets require a market 
analysis prior to investing in a process to support them.  A step-by-step approach would be 
required to enter into these other markets.  Each analysis will need to consider the labor required 
to handle the solids for these other market products. 
 
John Warner asked if co-generation with sludge, as a fuel source, is viable.  It was noted that 
co-generation has been considered elsewhere (Baltimore, MD and Stamford, CT), but high solids 
concentration (80% to 90% solids) is required.  It was further noted by Houssam Eljerdi that 
Arizona prohibits incineration. 
 
Current and future potential biosolids disposal options were covered on pages 10 through 12 of 
the handout. 
 

8. Carl Koch presented information on future biosolids handling issues to be considered in the 
master plan.  These include: 

 
• Class A anaerobic digester conversion and future status of anaerobic digestion as Class A,  
• Central processing of solids versus continued processing at each plant (Roger Road WWTP 

and Ina Road WPCF), and  
• Contract processing of biosolids. 
 
Producing Class B biosolids advantages are less expensive operations, simpler to operate and is 
consistent with the County’s current disposal method.  Class A biosolids has less restrictive 
management and monitoring requirements, lower odor potential from the biosolids, and is 
perceived by the public to be superior.  Thus, Class A may open up more disposal options. 
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Centralizing processing provides economy of scale and consolidates labor.  On the other hand, 
centralizing facilities will concentrate and increase recycle loads on the wastewater treatment at 
that location. 
 
Contract processing is a current trend with utilities, particularly with providing dry Class A 
products.  In these applications the digester gas is used as a fuel to dry the sludge.  It is important 
to realize that contract operations do not completely transfer the responsibility for the biosolids 
disposal to others. 
 
Major Class A drivers for Pima County seem more likely to be public/political or from 
involvement with public through EMS program than regulatory driven.  Paul Bennett indicated 
that Pima County has applied to be part of the EMS program.  There was discussion on whether 
this would drive the County to Class A.  The group discussed that a move toward Class A makes 
sense for them.   

 
Future biosolids issues and Class A drivers were covered on pages 12 through 16 of the 
handout. 
 

9. Carl Koch presented descriptions of major Class A processes:  digestion, alkaline stabilization, 
composting, heat drying, and advanced air drying.  An example from each process category of an 
alternative considered appropriate for the County was outlined.  Advantages and disadvantages of 
the alternatives were provided along with a qualitative cost comparison.  This information was 
utilized in the screening of Class A options that followed. 

 
Major issues and concerns of the options included the following.  There was a desire by the 
County for an analysis of the Cambi process, a predigestion thermohydrolysis process.  The 
County has a proposal for the Cambi process that will be forwarded to the project team.  The 
methane gas from anaerobic digestion could be used in heat drying or Cambi.  Dennis Froehlich 
asked if there was any advantage to the separation of sludges prior to processing.  Gary Newman 
indicated that products from heat drying have less odor if the sludge is first digested. 
 
It was noted that anaerobic digestion may not be a good fit for outlying facilities since they 
employ extended aeration treatment systems and the volatile solids content of the sludge is 
partially destroyed. 
 
John Sherlock suggested that disposal of the alkaline stabilized biosolids is not viable in Arizona 
as the soils are alkaline and there is no market for land application of the product. 
 
It was suggested that flow-through thermophilic digestion should be considered for the advanced 
digestion process.  It was noted that this process would require process review and data to be 
provided to prove Class A compliance. 
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It is currently unclear how much of a market there will be for a dry product.  Land applicators like 
the water in the biosolids.  A market assessment study would be required before this would be 
implemented in the County. 
 
A proposal for accelerated air drying has been provided to the County for the Green Valley 
WWTP.  Two structures would be required to process the sludge to Class A.  The County will 
provide the project team with a copy of the proposal. 
 
It was noted that Marana does not allow composting.  This has a direct impact on Ina Road 
WPCF which is in Marana.  
 
Dennis Froehlich asked about separating the primary and waste activated sludge and using 
aerobic digestion.  This has been done elsewhere with mixed success.  Tampa, Florida, had 
applied aerobic digestion to its waste activated sludge but discontinued it because of high 
operating costs and the achievement of less than 40% volatile suspended solids (VSS) 
destruction. Primary sludge was anaerobically digested.  Eventually Tampa converted their 
aerobic digesters to anaerobic to produce more methane for electrical power generation. 
 
It was agreed that the County is committed to anaerobic digestion for the Ina Road WPCF and 
Roger Road WWTP sludges as a part of any Class A alternative. 
 
Class A biosolids alternatives were covered on pages 17 through 23 of the handout. 
 

10. Gordon Culp led the group through a screening of Class A options.  Each criterion for the screening 
was defined.  It was suggested that a criterion for the acceptability of the final product to the public 
should be added.  An evaluation matrix for the alternatives which was filled in by the project team 
prior to the workshop was presented.  Through discussion with the group some of the -, 0, and + 
values were modified.  Results of the screening evaluation matrix analysis follow. 

 
Matrix Evaluation 

 

00000Recycle Impacts

Recommended Process

0+0+0
Ease of Maintaining 
Treatment Capacity 
during Construction

+–––+Resource Consumption

–++––Marketability

–––0+Present Worth Cost, 
Capital + O&M 

–++++Proven Process

0–––+Operability

Advanced 
Air Drying Heat Drying Composting Alkaline 

Stabilization 
Stages Anaerobic 

Digestion 

00000Recycle Impacts

Recommended Process

0+0+0
Ease of Maintaining 
Treatment Capacity 
during Construction

+–––+Resource Consumption

–++––Marketability

–––0+Present Worth Cost, 
Capital + O&M 

–++++Proven Process

0–––+Operability

Advanced 
Air Drying Heat Drying Composting Alkaline 

Stabilization 
Stages Anaerobic 

Digestion  
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The screening evaluation for biosolids handling at Roger Road WWTP and Ina Road WPCF 
eliminated alkaline stabilization, composting and advanced air drying. The remaining options for 
Ina Road WPCF and Roger Road WWTP sludges were: anaerobic digestion (phased or flow 
through), Cambi, and heat drying.  Other processes, such as advanced air drying and composting, 
may be appropriate for some of the outlying facilities. 
 
The evaluation criteria and screening matrix analysis were covered on pages 24 through 27 of the handout. 

 
11. Beth Vogt discussed development of the most likely biosolids handling options. Staying with 

Class B (mesophilic digestion) land application is the most cost effective approach (while land is 
available) and should continue until public/political/regulatory pressure requires otherwise.   

 
Layouts for staged anaerobic digestion facilities for both Ina Road WPCF and Roger Road 
WWTP facilities to achieve Class A were presented to show space requirements.  In addition, a 
layout of heat drying facilities with sludge digestion at Ina Road WPCF was shown for space 
requirements. 
 
It was noted that Tucson Water needs 10 acres at Ina Road WPCF for their future use. 
 
Other biosolids processing issues for consideration include:  recycle streams, odors, and methane 
utilization. 
 
The most likely biosolids treatment layouts and other issues of concern were covered on pages 
28 through 33 of the handout. 
 

12. Andy Richardson wrapped up the workshop by summarizing the next steps.  These include: 
defining intermediate processing requirements for alternatives, coordinating biosolids layouts 
with liquid processes, determining recycle load processing requirements and adjusting influents 
for recycle loads for the options. 
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Agenda 

Workshop #7 – Biosolids 
July 19, 2006 

 

Time Topic Presenter 

8:00 am Continental Breakfast – Pima County Parks and Recreation Facility 
3500 West River Road, Tucson, AZ 

8:15 am Opening Session 
• Welcoming Remarks Mike Gritzuk 
• Review Agenda Andy Richardson 
• Workshop Goals 

8:30 am Previous Biosolids Studies Beth Vogt 

8:45 am Biosolids Handling at Roger Road WWTP and Ina Road WPCF Beth Vogt 
• Digestion 
• Solids Handling 
• Methane Handling/Use 
• Odors 

9:15 am Current Disposal Options in Pima County Beth Vogt 

9:30 am Future Biosolids Handling Issues Carl Koch 

9:45 am Class A Drivers and Status for Pima County Carl Koch 

10:00 am Break 

10:15 am Class A Options Carl Koch 

10:45 am Screening of Class A Options Gordon Culp 

11:15 am Development of Most Likely Class A Alternative(s) Beth Vogt 

11:30 am Other Issues Beth Vogt 

1145 am Summary Wrap-Up Andy Richardson 
• Comments by Group 
• Closing Remarks Mike Gritzuk 

12:15 pm Adjourn / Lunch 
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Flip Chart Notes – July 19, 2006 
 
Objectives 
Â Are we sure we need to go to Class A? 
Â Is there money to be made by selling a Class A product? 
Â Disposal of screenings and grit was not considered for this workshop. 
Â Status of private solids disposal contractor  
Â What are Class A disposal options 
Â Land registration for biosolids disposal only in Contractor’s name? 
Â Continue with land applications 
Â Have we overlooked “co-generation”? 

 
Previous Studies 
Â Precipitation of struvite will impact sludge quantities 
Â They are looking at conversion of Digester 5 to a primary digester at Roger Road 
Â Pumping to Ina from Roger Road is 200,000 gal/day at 2100 mg/L 
Â Structural condition of Digester 3 is ?; grout joint at gas box leaking 
Â Cannot take digester off line at Roger Road 
Â Improving pumping system from bladder that loads trucks – change out pumps – bladder is an Air 

Force fuel tank surplus - 25 years old. 
Â Ina Road only has one bladder 
Â Gravity belt thickener on order  
Â CIP project awarded for sludge force main rehab of valves and structures  
Â Contractor not able to handle cake (only liquid) from Ina Road 
Â One Schwing pump at Ina Road to pump cake  
Â Ina Road – 8 percent sludge able to be pumped, have pumped up to 24 percent with Schwing 

pump 
Â Loading facility needs improvements 
Â Ina Road centrifuge system marginal; needs upgrade 
Â Get copy of material on Class A evaluation 
Â Acceptability of land application in future is ? 
Â Beholding to only one guy; some land used for disposal is in Pinal County.  Concern of the future 

possibility to dispose. 
 
Biosolids Handling 
Â Make sure we consider centrate handling as we determine biosolids solutions 
Â Piloting of high anaerobic process – look at energy generation 
Â Roger Road volatile solids destruction is 65 percent 
Â Corona is like Avra Valley outlying areas 
Â Avra Valley biosolids goes to Roger Road 
Â Green Valley and look at capacity 
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Â Outlying facilities achieve Class A on site to avoid hauling 
Â Regional site to handle, compost  
Â Need step-by-step approach; leading indicators 

 
Current Disposal Options 
Â What is the regional plan on solid waste? 
Â Tangerine landfill is going to close – current landfill site for sludge 
Â Remaining landfill is County owned which is farther away 
Â Forest fire burn area reclamation 
Â What other options are available? 
Â Is there a contract anywhere in nation to develop biosolids as an alternative fuel source? 

 
Class A Options 
Â Not sure alkaline stabilization is good for this location; existing alkaline soils 
Â Add Cambi Process to the alternatives 
Â Consider primary vs. secondary sludge handling separately 
Â Heat drying may need digestion to improve product results 
Â Is there a market in Arizona for a “dry” product? 
Â Accelerated air drying – may be good for a transition process – Pima County has had some 

experience and success 
Â Staged as opposed to batch digestion options 

 
Evaluation Criteria 
Â Include public acceptance – of both product and facility 
Â Get biosolids study from Houssam 
Â O&M cost on hauling is major consideration 
Â Alkaline stabilization is out 
Â Continue to digest – has an impact on recycle 
Â Need to consider what is the long-term Class “B” program; projected farm land availability 
Â On heat drying and air drying, what are the air quality issues? 
Â Do not want to be hauling limited 
Â Need to get agreement on design assumptions 

 
Shortlist 
Â Staged anaerobic digestion 
Â Cambi process 
Â Heat drying 
Â Continue to look at Class B – what factors would require change 
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Pima County
Regional Optimization

Master Plan

Workshop #7
Biosolids

July 19, 2006

2

Workshop Presenters
Mike Gritzuk Welcome/Closing

Andy Richardson Facilitator

Beth Vogt Biosolids Handling

Carl Koch Biosolids Handling Options

Gordon Culp Alternative Technologies
Evaluation
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Welcoming Remarks

Mike Gritzuk

Overview

Andy Richardson
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Agenda

Workshop objectives
Summary of biosolids studies
Existing facilities
Future disposal options
Evaluation of alternatives
Timing of Class A

6

Groundrules

Success is the responsibility of all
Everyone shares the responsibility for success
Everyone must participate fully to the extend 
of their expertise
We agree to speak up honestly and with 
candor
Disagreements are with opinions or issues, 
and have basis in fact, not with personalities
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Groundrules (continued)

Listen attentively and respectfully to others
Participate conscientiously and read material 
prior to workshops
Understanding is our objective, but consensus 
is not required
Adhere to these groundrules and hold each 
other accountable

8

Role of Facilitator

Remain neutral and objective

Expedite adherence to agenda and schedule

Ensure an equal opportunity to be heard

Keep group focused on discussion as planned, 
place items in “parking lot”
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Role of Facilitator (continued)

Remind all of groundrules

Negotiate changes in agenda, schedule, or 
procedure

Manage discussion, sequence speakers, and 
exercise leadership

10

Study Process

Workshop Description
1 Study Initiation and Kick-Off
2 Reuse/Flow Transfer Workshop
3 Stakeholder and Regulatory Requirements
4 First Brainstorming Workshop …
5 Ina Road WPCF Facility 
6 Roger Road WWTP Facility 
7 Biosolids Workshop 
8 Plant Interconnect/Conveyance System 
9 Second Brainstorming Workshop …
Strategic Decisions (Select Existing Plan, Transfer 
Some, or Transfer All)
10 Technologies Workshop
11 Evaluation of Treatment Plant
12 Conveyance … Flow Management Plan
13 Recommended Outlying Area Plan
Detailed Decisions
14 First Draft of Report Study
15 CIP Phasing and Cost Schedules
Implementation Plan
16 Implementation Plan/Final Report
Final Plan

#1 #2 #3 #4 #5 #6 #7 #8 #9

#10 #11 #12 #13

#14 #15

#16

Strategic Decisions

Implementation Plan

Final Plan

Detailed Decisions
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Workshop Objectives
Review biosolids regulatory requirements
Review biosolids state-of-the-art 
technologies/operation considerations
Shortlist biosolids alternatives
Impacts of biosolids on plant operations
Relate biosolids options to transfer options
Timing of Class A conversion
Biosolids plan for satellite facilities

Previous Biosolids Studies

Beth Vogt
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Summary of Previous Studies 

2002 biosolids management system 
evaluation
2005 facility plan update
2006 Roger Road thickening facility 
PDR
2006 Roger Road digester contingency 
planning

14

Previous Study Conclusions

2002 biosolids management system evaluation
Á Cavitation issues with Roger Road transfer pumps 

during line flushing
Á Possible corrosion issues in transfer forcemain
Á Ina Road centrifuge maintenance schedule issues
Á Inability to pump 20-30% cake from centrifuge 

building
Á Centrate line struvite build up
Á Significant sludge storage and transfer station 

problems
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Previous Study Conclusions

2005 facility plan update
Á Process all solids at Ina Road (decommission 

Roger Road digesters as sludge storage)
Á Add digester capacity at Ina Road and upgrade 

digesters to be able to produce Class A
Á Upgrade Ina Road dewatering facilities to produce 

higher % solids
Á Upgrade Ina Road treatment process to handle 

additional centrate (if necessary)
Á Upgrade Ina Road co-generation facilities to 

handle increased gas

16

Previous Study Conclusions

2006 Roger Road thickening facility 
PDR
Á Separate WAS thickening in GBTs

Á 2, 3.0 meter, covered GBTs

Á Operating at 1,200 gpm each

Á Thickened WAS:  5.5-6.0% solids
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Previous Study Conclusions

2006 Roger Road digester contingency 
planning
Á Sludge production is increasing
Á If GBT is operating for total sludge = 5% to digesters, 

3 digesters would provide 15 day HRT
Á Pump some WAS from Roger Road to Ina Road for 

digestion 
Á Truck thickened sludge from Roger Road to Ina Road 

for digestion (up to 30%)
Á Modify Digester 5 as secondary or primary

18

Summary of Condition 
Assessment – Roger Road

Gravity thickeners
Á Possible structural stability issues
Á Corrosion issues

Digesters
Á No. 3 roof leakage
Á Unknown condition inside all digesters
Á Likely solids deposition reducing active volume
Á No. 6 mixing maintenance issues
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Summary of Condition 
Assessment – Roger Road

Sludge transfer station/forcemain
Á Cavitation issues with pumps during line 

flushing

Á Possible corrosion issues in forcemain

Á Single element – no redundancy

20

Summary of Condition 
Assessment – Ina Road

Thickeners
Á Wear on support facilities (corrosion)

Digesters – no major issues
Thickening/dewatering facility
Á Centrate return capacity and struvite build up issues
Á Lack of sludge cake pumping equipment
Á Odors

Sludge storage
Á Aging and inadequate storage
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Summary of Condition 
Assessment – Ina Road

Sludge transfer facilities
Á Odor issues

Á Electrical system issues

Á Safety issues

Biosolids Handling at Roger Road 
WWTP and Ina Road WPCF

Beth Vogt
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Current Biosolids Handling –
Roger Road (Infl. Flow = 38.3 mgd)

GT

Digesters P.S.
To Ina Road

Thick: 75,000-105,000 lb/day
3.4% TS
80-83% VS

Dig: 44,000-60,000 lb/day
1.8% TS
66%VS

Pri: 60,000-80,000 lb/day
1% TS

WAS: 15,000-25,000 lb/day
<1% TS

24

Current Biosolids Handling –
Roger Road (Infl. Flow = 38.3 mgd)

Data yields:
Á Raw:  2000-2700 lbs/day/mgd
Á Digested:  1150-1600 lbs/day/mgd

Will be impacted by future methanol 
and possible phosphorus removal
For screening assessment use:  
2800 lbs/day/mgd raw sludge and 
1700 lb/day/digested
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Current Biosolids Handling – Ina 
Road (Infl. Flow 23.4 = mgd)

GT

Digesters Centrifuges

To Storage/
Land Application

Thick: 55,000-65,000 lb/day
4.4% TS
83-86% VS

Dig: 32,000-38,000 lb/day
1.8% TS
64%VS

Pri: 40,000 lb/day
0.5% TS

WAS: 15,000-25,000 lb/day
0.2% TS

Roger: 44,000-60,000 lb/day
1.8% TS
66%VS

72,000-93,000lb/day
8%

26

Current Biosolids Handling –
Ina Road (Infl. Flow = 23.4 mgd)

Data yields:
Á Raw:  2300-2800 lbs/day/mgd
Á Digested:  1400-1600 lbs/day/mgd

Will be impacted by future methanol 
and possible phosphorus removal
For screening assessment use:  
2800 lbs/day/mgd raw sludge and     
1700 lb/day/digested
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Sludge Quantities for Screening

Raw:  230,000 lb/day
Dig:  140,000 lb/day

@2% = 840,000 gpd

Raw: 0 lb/day
Dig: 0 lb/day

3 – Roger 0 mgd
Ina 82 mgd

Raw:  174,000 lb/day
Dig: 105,000 lb/day

@2% = 630,000 gpd 

Raw:  56,000 lb/day
Dig:  34,000 lb/day

@2% = 204,000 gpd

2 – Roger 20 mgd
Ina 62 mgd

Raw:  140,000 lb/day
Dig: 85,000 lb/day

@2% = 510,000 gpd

Raw:  90,000 lb/day
Dig: 55,000 lb/day

@2% = 330,000 gpd

1 – Roger 32 mgd
Ina 50 mgd

Ina Road SludgeRoger Road SludgeAlternative

28

Outlying Facilities Biosolids

41.712
19.2
0.018
0.004
3.7

0.000

8.5
4.13
0.00
6.16

Future, tpd(1)

storage, hauled ⇒ Ina2.2Avra Valley

8.466Total
None0.0Southlands

storage, hauled ⇒ Ina0.018Mt. Lemmon
Evaporation0.004Pima Co. Fairgrounds
Evaporation0.16Corona de Tucson

---0.09Arivaca Junction

GBTs, Aerobic Dig., 
BFPs, Drying ⇒ Mine

5.7Green Valley

---0.014Rillito Vista
storage, hauled ⇒ Ina0.28Marana
Processing, DisposalCurrent, tpd(1)Location

(1)  Based on 2,800 dry lb/d raw biosolids produced/mgd flow treated
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Outlying Facilities Impacts

Total future outlying plant sludge = 
40 ton/day dry
Future Roger and Ina Road = 115 ton/day dry
Outlying plant sludge = 26% future total 
production
Must be considered in sizing Ina and Roger 
biosolids handling facilities if continuing 
with current approach

Current Disposal Options in 
Pima County
Beth Vogt
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Current Disposal Options
Land application
Á Digested Class B, liquid (8%)
Á < 25 miles round trip now, expecting 40 miles in 

the future
Landfill
Á Need higher % solids, dewatering to 12-15%
Á No stabilization required
Á No methane gas for energy if digesters unused
Á Landfill space is available in Arizona
Á Could be a short-term backup plan

32

Current Disposal Options

Mine tailings
Á Green Valley/University of Arizona project

Á Requires dewatered/dried product

Á Availability depends on market 
conditions/may not be stable enough as 
primary outlet
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Future Disposal Options

All of the existing options
If Class A:
Á Sale as natural fertilizer
Á DOT
Á Golf courses
Á Landscaping

All non-traditional options will require 
market analysis
Á Could be DBO for Class A disposal

Future Biosolids Handling 
Issues
Carl Koch
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Future Biosolids Handling 
Issues

Class A conversion

Anaerobic digestion

Central processing versus each plant 
treats its own

Contract handling

36

Why Continue with Class B?

Less expensive

Simpler to operate

Satisfies EPA regulations
Á Acceptable risk

Consistent with current market conditions
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Why Consider Class A Process?

Less restrictive management and 
monitoring requirements
Lower level of pathogens
Lower odor potential
Perceived superior product
More utilization options
Public pressure

Class A Drivers and Status 
for Pima County 
Carl Koch
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Class A Pressures

Public reaction

Political pressures

Regulatory pressure

National biosolids partnership EMS 
program

40

National Biosolids Partnership

Advance environmentally sound and 
accepted management practices
Comprehensive environmental 
management system (EMS)
Demonstration of commitment to 
community
Involving community in defining 
performance improvements
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National Biosolids Partnership

Pima County committed to EMS 
certification

NBP goals to be considered in Master 
Plan Biosolids Assessment

Community involvement from NBP goals –
could be the trigger/gage for Class A 
timing?

42

Recycle Streams

Ammonia-laden recycle can impact plant 
treatment
Particularly an issue in plants that handle 
biosolids from other facilities (imbalance of 
recycle to influent, increased % of load)
If recycle stream part of selected biosolids 
alternative – must evaluate
Á Handle in main plant process
Á Provide flow equalization prior to return to main process
Á Sidestream treatment process
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Odor Issues

Significant complaints at Roger Road
Increasing complaints at Ina Road as neighbors 
get closer
Outlying Green Valley facility experiencing 
continued growth closing in on site
General interest in “good neighbor” practices
Odor control project to address current needs
Odor generation considered with biosolids 
alternatives

44

Methane Gas Utilization

Not currently used at Roger Road
Currently used at Ina Road
Some options would eliminate methane gas
Is gas utilization cost effective?
Is gas utilization a “green” procedure important 
to continue whether or not cost effective?
Will siloxanes become a maintenance issue 
that make methane use less desirable?
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Digestion Issue - WERF
Fecal Coliform Re-Growth Research

Digestion followed by centrifuges
Evidence of re-growth after dewatering (several 
orders of magnitude)
More pronounced with Class A
Confirmed with DNA testing
Possible explanations
Á Digestion inhibits culturing/hibernation (VBNC)
Á Centrifuge Shear creates growth medium

More research needed?
Could affect future certification of digestion as 
Class A process

46

Central versus Individual Plant 
Processing 

Centralization consolidates processing/ 
economy of scale
Centralization concentrates recycle 
streams
Centralization makes sense for outlying 
plant
Requires transport of solids from Roger 
Road to Ina Road



24

47

Contract Processing

Current trend to let other handle biosolids

Places responsibility in specialized hands

Results in reliance on other and loss of 
control

Does not completely transfer responsibility

Class A Options

Carl Koch
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Major Types of Class A Processes

Digestion 

Alkaline stabilization

Composting

Heat drying

Advanced air drying

50

Digestion Prescreening 

Thermophilc aerobic

Thermophilc anaerobic

Phased anaerobic digestion
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Staged Thermophilc Digestion

Produce Class A Product
Gas Production

Anaerobic
Digester

Thermophilic
Digester

52

Alkaline Stabilization

<5Hydration/Acid 
ReactionLime/AcidBioset

<10Hydration
Lime/Cement 
Silicate

Chemfix

<10Hydration + ElectricLimeEnvessel

<10HydrationLimeLeopold

<10HydrationLimeBiofix

> 50HydrationLime/Kiln DustN – Viro

Number 
InstallationsSource of HeatAdditiveProcess
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Bioset
Requires dewatering to >15%
Does not require digestion
Portable/compact
Acid + lime stabilization
Class A granular product

54

Types of Composting Systems

Windrow

Extended pile

In-vessel
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Silo In-Vessel (Taulman)
Requires dewatering to >15%
Does not require digestion 
Quality product
Requires bulking agent
Significant material handling

56

Types of Heat Drying Systems

Direct – sludge in immediate contact 
with drying fluid

In-Direct – uses intermediate exchange 
surface

Direct/In-Direct combination
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In-Direct Dryers

Typically use oil or steam as transfer media
Screw/paddle dryers
Á Stortz-Bartz
Á Komline Sanderson
Á Bethlehem
Á Fenton

Katy-Seghers (multiple hearth trays)
U.S. Filter
Carver-Greenfield (multiple effect evaporation)

58

Direct Dryers

Flash dryers (CE Reynolds)

Fluid bed dryers (Sulzer Escher Wyss)

Ball mill dryers

Rotary drum dryers
Á Largest number of installations
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Rotary Drum Dryers

Has evolved as the most prominent 
technology
Á Can form pellets in the process
Á Largest number of US installations 

(large installations)
Á Largest number of foreign installations
Á Enclosed/controlled emissions
Á Relatively simple technology/system suppliers
Á Has evolved from once through to recirculating 

gas to save energy

60

Rotary Dryers

Synagro (Acquired Enviro-Gro)
Andritz
New England Fertilizer (Baker Rullman) 
Vandenbrock
Swiss-Combi (Berlie)
MEC/FEECO
BER/Harmony  (commercial fertilizer 
manufacturer)
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Heat Drying
Produce Class A product
90% solids
Requires dewatering to >15%
Does not require digestion

62

Accelerated Air Drying
Enclosed solar drying
Robot turning machine speeds up drying
Low chemical/energy requirements
Class A product
75% TSS
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Anaerobic Phase Thermophilic 
Digestion

Advantages
Á Process familiarity
Á Produces gas for fuel
Á Reduces volume of solids
Á Can generate liquid or cake  
Á Reduce product odor

Disadvantages
Á Potential re-growth could jeopardize future Class A status
Á Generates both ammonia and phosphorus recycle
Á Methane handling potential safety issues

64

Alkaline Stabilization

Advantages
Á Small footprint
Á Fully enclosed/moderate system complexity
Á Can process raw of digested biosolids

Disadvantages
Á Increase volume of solids
Á Consumes chemicals
Á Odor potential
Á Could generate ammonia recycle from odor scrubber
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Composting

Advantages
Á Generate well accepted quality product
Á Considered “green” process
Á Can process raw or digested sludge

Disadvantages
Á Odor potential
Á Complex and significant material handling
Á Fire potential issue

66

Heat Drying
Advantages
Á Small footprint
Á Largest volume reduction
Á Produces high quality multiple use product
Á Product can be used as low grade fuel
Á No nutrient significant recycle to wastewater treatment 

process
Á Can process raw or digested biosolids 

Disadvantages
Á Large energy consumption
Á Complex equipment
Á Fire and explosion safety issues
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Advanced Air Drying

Advantages
Á Lowest energy consumption
Á Lowest nutrient recycle
Á No nutrient significant recycle to wastewater 

treatment process
Á Can process raw or digested biosolids

Disadvantages
Á Largest footprint
Á Need to establish Class A performance
Á Limit experience (require piloting)

68

Qualitative Cost Comparison

Cost per Dry Ton 
ProcessedProcess

??Advanced Air Drying
$470Heat Drying
$450Composting
$350Alkaline Stabilization
$300Staged Digestion
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Screening of Class A Options 

Gordon Culp

70

Class A Screening Analysis
Criteria

Operability
Proven process
Present worth cost, capital + O&M 
Marketability
Resource consumption
Ease of maintaining treatment capacity 
during construction
Recycle impacts
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Evaluation Criteria

Operability
Á Readily operable = (+)

Á Some operational concerns = (0)

Á Significant operational concerns = (-)

72

Evaluation Criteria

Proven process
Á Process successfully used in a large number of 

similar capacity facilities meeting similar effluent 
quality requirements, costs well documented = (+)

Á Process successfully used in only a few similar 
capacity facilities = (0)

Á Process successfully used in only significantly 
smaller capacity facilities = (-)
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Evaluation Criteria

Present worth costs
Á Lowest cost and costs within 10% of lowest cost = (+)
Á Costs within 20% of lowest cost = (0)
Á Costs more than 20% greater than lowest cost = (-)

(Costs are for added equipment, structures, 
conveyance systems, mixing system, chemical and 
bulking agent addition and storage, product storage, 
and air emission and odor control)

74

Evaluation Criteria

Marketability

Á High quality product with wide range of markets = (+)

Á Quality product with more than one market for 
product = (0)

Á Product market limited to land application = (-)
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Evaluation Criteria

Resource consumption 
Á Lowest resource consumption and consumption 

within 10% of lowest consumption = (+)
Á Consumption within 20% of lowest consumption = (0)
Á Consumption more than 20% greater than lowest 

consumption = (-)

(Annual resource consumption includes fuel, power, 
chemical, bulking agents and other)

76

Evaluation Criteria

Ease of maintaining treatment capacity 
during construction
Á Construction of new units has little or no impact 

on operating units = (+)
Á Construction of new units has some temporary 

impact on operating units = (0)
Á Construction of new units requires that operating 

units be concurrently demolished = (-)
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Evaluation Criteria

Recycle Impacts
Á Process results in limited recycle impacts on 

wastewater treatment process  = (+)

Á Process results in ammonia recycle impacts on 
wastewater treatment process = (0)

Á Process results in both ammonia and phosphorus 
recycle impacts on wastewater treatment = (-)

78

Evaluation Criteria

Ease of maintaining treatment capacity 
during construction
Á Construction of new units has little or no impact 

on operating units = (+)
Á Construction of new units has some temporary 

impact on operating units = (0)
Á Construction of new units requires that operating 

units be concurrently demolished = (-)
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Recycle Impacts

Recommended Process

Ease of Maintaining 
Treatment Capacity 
during Construction

Resource Consumption

Marketability

Present Worth Cost, 
Capital + O&M 

Proven Process

Operability

Advanced 
Air Drying Heat Drying Composting Alkaline 

Stabilization 
Stages Anaerobic 

Digestion 

Matrix Evaluation

80

++00–Recycle Impacts

Recommended Process

0+0+–
Ease of Maintaining 
Treatment Capacity 
during Construction

+–––+Resource Consumption

–++0–Marketability

–––0+Present Worth Cost, 
Capital + O&M 

–++++Proven Process

0––0+Operability

Advanced 
Air Drying Heat Drying Composting Alkaline 

Stabilization 
Stages Anaerobic 

Digestion 

Matrix Evaluation
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Development of Most Likely 
Class A Alternative(s)
Beth Vogt

82

Most Likely Biosolids 
Treatment Options 

Digestion Class B
Á Mesophilic digestion (what you are doing now)

Digestion Class A – liquid processes
Á Staged thermophilic digestion
Á Accelerated air drying

Dewatering sludge Class A – processes
Á Staged thermophilic digestion
Á Heat drying
Á Bioset
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Biosolids and Treatment Options

Transfer biosolids to Ina Road
Á No biosolids processing at Roger Road
Á Could be done even with flow treatment at Roger Road

Separate biosolids processing at Ina Road and 
Roger Road
Á Applicable to Transfer Some at Ina Road
Á Can still transfer sludge to Ina Road
Á Roger Road 

Á Digestion/liquid application?
Á Dewatering?
Á Class A process?

84

Solids Generation 
Assumptions

Historical data
Á 2,800 lbs/day undigested solids per MGD
Á 1,700 lbs/day digested solids per MGD

Increase dry tons to account for P 
removal and methanol feed
Liquid 8% TSS
Cake at least 15% TSS
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Solids Processing Rates

7011582
538762
437050
284532
172820

Digested Solids
(Dry TPD)

Raw Solids
(Dry TPD)

Flow 
(MGD)

86

Biosolids Processing – Roger Road 
Option

Meso
Digest

Class A Liquid Application

Class A Cake Application

Centrifuge Thicken

Dewater

Thermo
Digest
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Meso
Digest

Class A Liquid Application

Class A Cake Application

Centrifuge Thicken

Dewater

Thermo
Digest

Biosolids Processing – Ina Road 
Option 1

88

Digest

Heat Dryer

Class B Liquid Application

Class B Cake Application

Centrifuge Thicken

Dewater

Class A Cake Application

Biosolids Processing – Ina Road 
Option 2
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Biosolids Processing – Ina Road 
Option 3

Heat Dryer

Centrifuge

Dewater

Class A Cake Application

Raw Sludge

90

Roger Road Site Layout

Assumed sludge thickening to 5%
Based on 20 mgd treated
Class A produced using thermo/meso digestion
3 new thermophilic digesters
Need 2 MG mesophilic capacity (enough 
available on site)
Includes centrifuge dewatering/sludge storage
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Roger Road Layout

92

Ina Road Site Layouts

Shown with NdeN 62 mgd wastewater site 
plan
Assumed sludge thickening to 5%
All sludge handling at Ina Road
Á Demonstrates 82 mgd treated at Ina Road
Á Demonstrates options with treatment at Roger 

Road but no solids handling at Roger Road
Layout for thermo-meso digestion
Layout for heat drying



47

93

Ina Road Thermo-Meso Layout

94

Ina Road Heat Drying Layout
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Decisions Made 

When to Implement Class A?
Á Digest to Class B until Class A required
Á Watch for triggers to Class A

Selected Class A approach?
Á Phased digestion or heat drying  
Á Depending on outcome of re-growth research

Location for Class A
Á Ina Road

Other Issues

Beth Vogt
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Next Steps

Define intermediate processing steps
Á Transfer lines
Á Thickening/dewatering

Coordinate layout with liquid processing
Determine needed recycle process
Adjust influent to account for recycles

98
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Workshop #8 Meeting Notes 
Plant Interconnect/Conveyance System 

 
1. The Plant Interconnect/Conveyance System Workshop for Pima County Regional Optimization 

Master Plan was held on July 19, 2006.  The agenda is attached.  The following were in 
attendance: 

 
PCWMD 
Director 

Michael Gritzuk 
Deputy Directors 

Paul Bennett 
Mike Bunch 

PCWMD Staff 
Bob Buecher 
Bob Decker 
Frank Luiz 
Mary Hamilton 
Michael Kostrzewski 
Byron McMillan 
John Munden 
Steve Munsell 
Bill Richardson 
Ron Riska, Project Manager 
Robert Shay 
John Warner 

Legal 
Harlan Agnew 

TUCSON WATER 
Tucson Water Staff 

Sandy Elder 
Melodee Loyer 
Mark Seamans 
Tim Thomure 
Alan Forrest, CH2M Hill 

 
PEER GROUP 
 Gary Newman, B&C 
 Denny Parker, B&C 
 
GREELEY AND HANSEN 
PROJECT TEAM 

Jerry Bish 
Gordon Culp 
Andy Richardson 
Steve Sticklen 
 

 
2. Major topics of the workshop were: 
 

• Workshop #8:  Plant Interconnect/Conveyance System 
► Existing System Summary 
► Plant Interconnect 
► Operational Considerations 
► Population Growth / Outlying Facilities 
► Recommended Approach 
► Evaluation Criteria 
► Information Transfer Summary 

 
A set of handouts were provided to each attendee which included presentation slides used during 
the workshop. 
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Throughout the workshop notes were recorded on a series of “flip-charts”.  Those notes 
summarize questions, comments, and notes to be utilized by the project team while conducting 
the study.  The flip-chart notes are attached. 

 
3. Mike Gritzuk, Director of the Wastewater Management, welcomed the attendees  to the workshop 

and invited all to participate   
 
4. Andy Richardson defined his role as facilitator with the task of moving the group through the 

agenda and to encourage participation.  The purpose of this workshop was to develop an 
evaluation framework, reach an agreement on the conceptual layout of alternative configurations, 
and refine the list of monetary and non-monetary criteria to be given consideration during the 
alternative evaluation process. 

 
Agenda, ground rules and purpose of the workshop were presented and covered on pages 1 
through 4 of the handout 

 
5. Steve Sticklen reviewed of the current issues with the conveyance system. A map was presented 

that indicated where capacity issues exist or had recently existed as stated in the 2006 Facilities 
Plan.  Those pipes flagged on the map as having capacity issues were based on a q/Q of 85%, 
which translates into a d/D of 75%.  Also, the current plan is to leave 15% of pipe capacity 
remaining to accommodate wet weather flows.   Paul Bennett commented that there have been 
several sewer rehab projects completed since the 2006 Facilities Plan.  For example, bids were 
opened Monday (07/17/06) for the Santa Cruz Interceptor construction project that is expected to 
take 2 years to complete.  Ron Riska was tasked to provide additional information on updates to 
conveyance system and furnish the contractor’s bids with cost breakdowns for the Santa Cruz 
Interceptor project. 

Steve Sticklen indicated the capacity of the North Rillito Interceptor (NRI) limits the current 
maximum diversion rate to approximately 5 mgd.  It was indicated that pushing more could 
potentially blow manhole covers.  Bob Buecher thought the NRI could handle flows greater than 
5 mgd and indicated that Pete Mulvey had run tests on the flow management structure. Additional 
information will provided to the project team on the capacity of the NRI.  Fixing limitations in the 
NRI could move up to an additional 6 mgd through the sewer. 

Paul Bennett asked whether the project team for system-wide odor control study will use the 
conveyance system information developed from this workshop.  It was confirmed that the 
information from this workshop will be used in the conveyance model for that project. 

Tucson Water indicated that by 2030 they would need for reclaimed water distribution 30 mgd at 
Roger Road WWTP and 20 mgd at Ina Road WPCF.  This did not include the water allocated to 
the Santa Cruz River according to SAWRSA. 

The current conditions of the conveyance system were covered on pages 4 through 7 of the 
handout.  
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6. Steve Sticklen summarized the three system interconnect options – Existing Plan, Transfer Some, 
and Transfer All.  On a plan three potential plant interconnect routes currently under 
consideration were presented. Alternative 1 for the plant interconnect follows the existing sludge 
pipeline between Roger Road WWTP and Ina Road WPCF.  Paul Bennett said that the survey of 
the existing sludge line easement should be completed within the next month to six weeks and 
will most likely indicate that approximately 50% of the route is wide enough for a parallel line, 
the other half may have space limitations.   

A fourth plant interconnect alternative was proposed for consideration and is a combination of 
alternative 1 and alternative 3.  

Michael Kostrzewski asked when the plant interconnect needed to be completed.  Mike Bunch 
suggested that the critical path for construction of facilities at Roger Road WWTP will be the 
completion of the plant interconnect to offload existing facilities during construction. Another 
suggestion was made that perhaps media could be added to the existing aeration systems to 
increase treatment capacity at Roger Road WWTP to forestall the need of a plant interconnect. 
Timing of the plant interconnect will remain unknown until the system option is selected. 

Melodee Loyer mentioned that the 24” reclaimed water distribution line from Ina Road WPCF to 
Roger Road WWTP has the capacity to convey 10 mgd, which could be used to move Class A 
effluent from Ina Road WPCF to the Sweetwater facilities at Roger Road. 

Mike Bunch said that it might be possible to shave peak flows by storing flow within the system 
(in-system storage).  Michael Gritzuk concurred and said that an equalization basin could also be 
used to capture wet weather flows. 

Bob Decker said there are spikes in flow in the NRI and Aviation Corridor Interceptor during 
rainfall events, and that there is some dry weather infiltration in a few areas (foothills).  Also, it 
was noted that mid-size (8” to 12”) sewers are the most likely to have capacity issues.  Ron Riska 
stated that the system should have 100% reliability to prevent SSOs.  John Warner said the 
CMOM application permit standard is no surcharging during a 10-year storm. 
 
Steve Sticklen suggested that the peaking factor curve could be adjusted to account for wet 
weather flows.  A presentation slide indicated how the design capacity of the plant interconnect 
could be reduced by providing ± 6 million gallons flow equalization at or near Roger Road 
WWTP.  Denny Parker suggested that flow equalization at Roger Road WPCF might be provided 
after primary treatment and that wet weather flows could be blended. 
 
Steve Sticklen displayed the hydraulic grade lines for three possible interconnect flows.  Bob 
Buecher mentioned that there is a stub out at Roger Road WWTP from the existing system to 
accommodate a potential interconnect. 
 
John Munden mentioned that at Ina Road WPCF that there is an intermediate pump station, 
before the flow goes to the west train, where raw sewage is lifted again to the east train.  
Connecting the plant interconnect downstream of the headworks (ahead of the intermediate pump 
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station) may reduce pumping costs, but would increase pipe size.  This is a consideration for the 
final arrangement. 
 
The plant interconnect routes, schematics and hydraulics were covered on pages 8 through 12 of 
the handout. 
 

7. Steve Sticklen presented information on unit construction costs for estimating costs of piping 
alternatives.  Costs are based on open cut, do not include right–of-way easements and are in need 
of adjustment to the Tucson construction market.  Recent pipeline construction costs in Tucson 
will be used to calibrate the costs curves. 
 
The estimated pipeline cost information was covered on page 13 of the handout. 
 

8. Locations of outlying facilities were presented along with the area topography.  It was suggested 
that the only outlying area for pioneering interceptors (extend sewers to direct location of growth) 
would be in Marana.  Further, at this time the existing sewer system is accommodating the 
HAMP area. 

 
The Sonoran Desert Conservation Plan was developed after the outlying treatment plants were 
constructed.  There is no connection between the Plan and planned growth for the outlying 
facilities. 
 
John Munden inquired as to who uses the water after treatment.  Sandy Elder said Tucson Water 
is increasingly getting inquiries about reuse in the outlying areas. It was agreed that the locations 
of the Tucson Water facilities should be added to the map along with the Continental Ranch 
Pump Station. 
  
There are three approaches to the outlying facilities.  1) Keep the existing plants and expand as 
necessary, 2) combine all flows in the south into a subregional facility (maximize reuse potential), 
and 3) a combination of 1 and 2. 
 
The outlying areas information was covered on pages 12 and 13 of the handout. 
 

9. Steve Sticklen outlined approach to performing the evaluation for the recommended approach.  
This would include a review of the existing basin model and the development of a skeletal 
hydraulic model (model-lite) to evaluate flows and costs of alternatives. 
 
The recommended evaluation approach was covered on page 14 of the handout. 
 

10. Gordon Culp reviewed and discussed the criteria to be used in evaluation of conveyance 
alternatives.  Mark Seamans mentioned that the peaking factor equations were not displayed 
properly, and that it should be “p0.231”, not “p – 0.231”.  Byron McMillan requested that 
regulatory deadlines should be added as a criterion.  Tim Thomure mentioned that many of the 
“non-monetary” criteria have cost implications, and requested that water reuse be added to the 
list.  Bob Buecher said that utility conflicts and traffic control have cost implications only, and 
should not be considered non-monetary.  Gary Newman requested that odor control be added to 
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the list.  Frank Luiz suggested consideration be given to conveyance time and hydrogen-sulfide 
production.  Sewers that are 37 miles are too long. Address operations and maintenance, not just 
maintenance as a criterion. The evaluation criteria will be adjusted based on the comments. 

 
The evaluation criteria were covered on pages 14 and 15 of the handout. 
 

11. Steve Sticklen presented a list of information that had been received and what additional 
information that the project team had outstanding to be received.  Steve Munsell will provide the 
project team with TAZ and Basin Model data.  It was stated that in some areas the total pipe 
capacity is 200 mgd, far greater than actual flow, indicating opportunities for in-system storage.  
Also, there is a 2-mile stretch of sewer with internal weirs at all connecting pipes that is 
particularly challenging to model.  The location of the large capacity sewers and information on 
the 2-mile sewer with weirs will be forwarded to the project team.  Mike Gritzuk asked that the 
existing system be looked at for efficiency in flow conveyance to eliminate problems and use 
over capacity effectively.  

 
Information received and outstanding was covered on page 16 of the handout. 
 

12. Andy Richardson wrapped up the workshop with a summary of actions for the project team: 
 

• Investigate four (4) plant interconnect options 
• Conduct a sensitivity analysis on peaking factor 
• Look for opportunities for in-system storage 
• For subregional plants provide sewers without long detention times 
• Use “model-lite” approach for conveyance system analysis.: 
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Agenda 

Workshop #8 – Plant Interconnect / Conveyance System 
July 19, 2006 

 

Time Topic Presenter

12:15 pm Lunch – Pima County Parks and Recreation Facility 
3500 West River Road, Tucson, AZ 

1:00 pm Opening Session 
• Welcoming Remarks Mike Gritzuk
• Review Agenda Andy Richardson
• Workshop Goals 

1:15 pm Conveyance System Studies Steve Sticklen
• Existing System Summary 
• Recommended Improvements 

1:30 pm Known Capacity / Condition Issues Steve Sticklen

2:00 pm Plant Interconnect Steve Sticklen
• Existing Transfer Option 
• Transfer Some Flow to Ina Road WPCF 
• Transfer All Flow to Ina Road WPCF 

2:45 pm Break 

3:00 pm Population Growth / Outlying Facilities Steve Sticklen

3:15 pm Recommended Evaluation Approach Steve Sticklen

3:30 pm Evaluation Criteria  Gordon Culp

3:45 pm Information Transfer Summary  Steve Sticklen

4:00 pm Summary Wrap-Up Andy Richardson
• Comments by Group 
• Closing Remarks Mike Gritzuk

4:30 pm Adjourn 
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Flip Chart Notes – July 19, 2006 
 
 
Water Reuse 
Â 30 mgd to SAWRSA  
Â 7 to 14 mgd for Santa Cruz River at Roger Road 
Â Sweetwater capacity 10 mgd plant and SAT at 10 mgd 
Â Expansion of SAT in increments from 9,000 AC/ft to future 20,000 AC/ft  

 
Existing Information 
Â 3000 manholes identified to be rehabed 
Â Use collection system data at siphons for odor control study 
Â Potential to surcharge in certain areas 
Â Studies on plant interconnect obtain from Ron Riska 
Â Tucson Water reuse needs dependent on evening flows  
Â Bids opened Monday on Santa Cruz interceptor – installed in two years 
Â For analysis, need to look at how flows will increase to 2030 
Â 10 mgd capacity in 24-inch Tucson Water reclaimed water service from Ina Road to Sweetwater 
Â 8-inch sludge line is being surveyed; need to get information from PCWMD 
Â What is the timing of the plant interconnect?  What is the trigger? 
Â Look at what can we do in interim at Roger Road to add capacity and deal with flow increases 
Â Operational issues and concern for diurnal variations 
Â Look at flow equalization and economics 
Â Inflow is an issue; North Rillito is one; aviation area another area 
Â Foothills is an area with inflow issues 
Â Look at 5 to 7 mgd of inflow at Roger Road; look at data to verify 
Â Park Mall area has inflow study underway 
Â 15 percent ok to handle inflow as design consideration 
Â Sensitivity analysis on peak factor for smaller lines 
Â Consider location of equalization basin after primaries at Roger Road 
Â 60-inch stubout at Roger Road for connection of plant interconnect 
Â Need to look at location of plant interconnect discharge at Ina Road; connect at intermediate pump 

station 
 
Plant Interconnect 
Â Look at a fourth option ( combination of 1 & 3)– run portion along sludge pipeline 
Â At creek crossing could consider stacking pipelines 

 
Outlying Facilities 
Â Continental Ranch pump station; get rid of  
Â Marana may be an opportunity for pioneer lines 
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Workshop Presenters

Mike Gritzuk Welcome/Closing

Andy Richardson Facilitator

Steve Sticklen Conveyance

Gordon Culp Evaluation
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Welcoming Remarks

Mike Gritzuk

Overview

Andy Richardson
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Agenda
Existing system summary
Á Capacity issues
Á Condition assessment

Plant interconnect
Á Existing transfer options
Á Future transfer options

Á Existing Plan
Á Transfer Some
Á Transfer All

Population growth
Outlying facilities

6

Groundrules

Success is the responsibility of all
Everyone shares the responsibility for success
Everyone must participate fully to the extend 
of their expertise
We agree to speak up honestly and with 
candor
Disagreements are with opinions or issues, 
and have basis in fact, not with personalities
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Groundrules (continued)

Listen attentively and respectfully to others
Participate conscientiously and read material 
prior to workshops
Understanding is our objective, but consensus 
is not required
Adhere to these groundrules and hold each 
other accountable

8

Role of Facilitator

Remain neutral and objective

Expedite adherence to agenda and schedule

Ensure an equal opportunity to be heard

Keep group focused on discussion as planned, 
place items in “parking lot”
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Role of Facilitator (continued)

Remind all of groundrules

Negotiate changes in agenda, schedule, or 
procedure

Manage discussion, sequence speakers, and 
exercise leadership

10

Study Process

Workshop Description
1 Study Initiation and Kick-Off
2 Reuse/Flow Transfer Workshop
3 Stakeholder and Regulatory Requirements
4 First Brainstorming Workshop …
5 Ina Road WPCF Facility 
6 Roger Road WWTP Facility 
7 Biosolids Workshop 
8 Plant Interconnect/Conveyance System 
9 Second Brainstorming Workshop …
Strategic Decisions (Select Existing Plan, Transfer 
Some, or Transfer All)
10 Technologies Workshop
11 Evaluation of Treatment Plant
12 Conveyance … Flow Management Plan
13 Recommended Outlying Area Plan
Detailed Decisions
14 First Draft of Report Study
15 CIP Phasing and Cost Schedules
Implementation Plan
16 Implementation Plan/Final Report
Final Plan

#1 #2 #3 #4 #5 #6 #8 #9

#10 #11 #12 #13

#14 #15

#16

Strategic Decisions

Implementation Plan

Final Plan

Detailed Decisions

#7
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Workshop Objectives

Expectations
Evaluation framework
Agreement on conceptual layout
Operational considerations
Evaluation criteria
Á Monetary
Á Non-monetary

Conveyance System Studies

Steve Sticklen
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Conveyance System Studies

Existing system summary

Recommended improvements

Known Capacity /
Condition Issues
Steve Sticklen
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Existing System Summary

Capacity issues

Condition assessment
Á Manholes
Á Siphons
Á Pump stations
Á Pipes

16

Existing Capacity Issues
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2030 Capacity Issues

18

Condition Assessment Summary

$4.5M to rehab manholes
Siphons and pump stations

$13.5M to rehab pipes in poor 
condition

$162M to rehab pipes in fair 
condition
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Santa Cruz Central Interceptor

20

Santa Cruz East Interceptor
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Southwest Interceptor

Plant Interconnect

Steve Sticklen
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Plant Interconnect

Current Transfer Options
Á Tucson Blvd and Craycroft Road
Á 8-inch sludge line

Future Transfer Options
Á Existing Plan
Á Transfer Some
Á Transfer All

24

Mass Balance Schematic
(Existing System Configuration and Flows)
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Mass Balance Schematic
(New Santa Cruz Interceptor)
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Mass Balance Schematic
(Existing Plan, 2030 Flows)
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Mass Balance Schematic
(Transfer Some)
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Plant 
Interconnect

(60 MGD)

Mass Balance Schematic
(Transfer All)
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Proposed Interconnect Routes
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Summary of Interconnect Options

60”82600Transfer All

48”624020Transfer 
Some

42”502832Existing

Dia
(in)

Ina Road
(MGD)

Transfer
(MGD)

Roger Road
(MGD)

Option

All options presume 6-10 MG of flow equalization at Roger Road site, 
without which   transfer rates would need to be increased by 35 MGD.
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Diurnal Flow Equalization
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Interconnect Profile – Existing Plan
(42-inch pipe, Q=28 MGD)
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Interconnect Profile – Transfer Some
(48-inch pipe, Q=40 MGD)
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Interconnect Profile – Transfer All
(60-inch pipe, Q=60 MGD)
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Pipe Unit Costs
PIPELINE CONSTRUCTION COST PER FOOT

FOR TRENCH EXCAVATIONS LESS THAN 15 FEET
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Population Growth, 2005 – 2030
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Area Topography
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Recommended Approach
Review basin model
Develop skeletal hydraulic model
Á Identify critical conveyance facilities
Á Request manhole rim and inverts

Develop diurnal patterns
Develop existing / future loads
Identify / confirm hydraulic inadequacies
Alternative analysis
Á System upgrades
Á Plant interconnect
Á Outlying facilities

Evaluation Criteria

Gordon Culp
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Evaluation Criteria

Present worth cost
Non-monetary considerations
Á Constructability
Á Long-range planning
Á Safety
Á Public acceptance
Á Maintenance
Á Rights-of-way
Á Pump stations

Á Utility conflicts
Á Traffic control
Á Environmental impacts
Á Business disruption
Á Archeological / historic sites
Á Permitting

44

Peaking Factor

Table 3.4.1 from 2006 Facility Plan
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Peaking Factor
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Summary
Steve Sticklen
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Information Transfer Summary
Received
Á Land use
Á Roads, parcels
Á Manhole locations, pipe locations and sizes
Á TAZ data (2000 population)
Á Flow data

Outstanding
Á Basin model
Á TAZ data (population projections)
Á Manhole rim and invert elevations
Á Flow data

48
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Workshop #9 Meeting Notes 
Second Brainstorming Workshop & Facility Oriented Workshop 

 
1. Workshop #9 - Second Brainstorming Workshop & Facility Oriented Workshop for Pima County 

Regional Optimization Master Plan was held on August 9, 2006.  The agenda is attached.  The 
following were in attendance: 

 
PCWMD 
Director 

Michael Gritzuk 
Deputy Directors 

Paul Bennett 
Mike Bunch 
Jackson Jenkins 

PCWMD Staff 
James Doyle 
Houssam Eljerdi 
Dennis Froehlich 
Frank Gall 
Mary Hamilton 
Michael Kostrzewski 
Byron McMillan 
John Munden 
Steve Munsell 
Jeff Prevatt 
Prakash Rao 
Helen Rhudy 
Bill Richardson 
Ron Riska, Project Manager 
John Sherlock 
John Warner 
Ken Weber 

Legal 
Harlan Agnew 
Chuck Wesselhoft 

TUCSON WATER 
Tucson Water Staff 

Melodee Loyer 
Dennis Rule 
Mark Seamans 
Linda Smith 
Tim Thomure 
Ken Thompson, CH2M Hill 

 
PCRFCD 
 Tom Helfrich 
 
PEER GROUP 
 Joe Husband, MPI 
 Gary Newman, B&C 
 Cindy Wallis-Lage, B&V 
 
GREELEY AND HANSEN 
PROJECT TEAM 

Orrie Albertson 
Jerry Bish 
Gordon Culp 
Joe Popeck 
Andy Richardson 
 

 
2. Major topics of the workshop were: 
 

Â Workshop #9:  Second Brainstorming Workshop & Facility Oriented Workshop 
− Tres Rios del Norte Project 
− Phosphorus Removal 
− Design Influent/Mass Loadings  
− Process Evaluation Matrix Revisited 
− Key Design Criteria 
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− Process for System Configuration Evaluation 
− Procedure for Estimating Costs 
− Risks Associated with Reusing Existing Structures and Facilities 

 
A set of handouts were provided to each attendee which included presentation slides used during the 
workshop. 
 
Throughout the workshop notes were recorded on a series of “flip-charts”.  Those notes summarize 
questions, comments, and notes to be utilized by the project team while conducting the study.  The 
flip-chart notes are attached. 

 
3. Mike Gritzuk, Director of the Wastewater Management, welcomed the attendees to Workshop #9.  

All were invited to drill down on the issues of wastewater treatment processes under consideration for 
Roger Road WWTP and Ina Road WPCF through the brainstorming process, participate in a robust 
discussion and narrow down the wastewater treatment process selections. 

 
4. Andy Richardson defined his role as facilitator with the task of moving the group through the agenda 

and to encourage participation.  The group was advised that this workshop was a critical point in the 
master plan process.  This was the last strategic decision workshop before moving on to the detailed 
decisions for the master plan. 

 
Throughout the previous workshop there were a number of flow alternatives proposed for Roger 
Road WWTP and Ina Road WPCF. A chart of flows to each plant and the processes for nitrification 
and denitrification was presented to the group for discussion later in the workshop.  The table is 
provided below. 

 
Q, mgd 

IR RR 
Rehab 

RR 
Greenfield 

Bardenpho IF/AS MLE + deN Filter 

22 60 60    
38 44 44    
45 37 37    

50* 32* 32    
62* 20*(1) 20    
82* 0* --    

IR = Ina Road WPCF 
RR = Roger Road WWTP 
* = Flows from Workshop #4 
(1)  Use of Biotower option at RR 

 
Agenda, groundrules and purpose of the workshop were presented and covered on pages 1 through 4 
of the handout. 
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5. Tom Helfrich, District Study Manager for Pima County Regional Flood Control District (PCRFCD), 
provided an overview of the Tres Rios Del Norte Project Ecosystem Restoration Feasibility Study.  
The study is being conducted by the Corps of Engineers with support by PCRFCD, City of Tucson 
and the City of Marana. The study covers 18 miles of the Santa Cruz River from Prince Road to 
North Sanders Road and encompasses 19,800 acres.  Objectives of the study are:  

 
Â Ecosystem restoration 
Â Flood damage control 
Â Groundwater recharge 
Â Recreation 
Â Cultural resource preservation 

 
The plan has not been finalized, but is expected to be completed this fall.  Some of the preliminary 
features, which are subject to change include: 
 
Â Restoration of 3,000 acres of riparian habitat 
Â Seven (7) grade control structures (bottom stabilization) 
Â Soil bank protection 
Â Three (3) pedestrian bridge crossings 
Â Off-channel recharge basins (spreading) 
Â In-channel T-berms (recharge feature) 

 
The study area is divided into three reaches: 

 
1. Prince Road north to Ina Road, 
2. Ina Road north to Avra Valley Road 
3. Avra Valley Road north to North Sanders Road 

 
Reach 1 covers the Santa Cruz River from the Roger Road WWTP discharge to the Ina Road WPCF 
discharge.  The recommended plan for reach 1 is to develop cottonwood and willow tree habitat (145 
acres), mesquite bosque habitat (438 acres) along with other native plant and shrub species (164 
acres) at the edges and to create wetland areas (40 acres) in the river bottom.  Open channel flow 
from upstream projects is unlikely.  Wetland areas will have water depths of 6 inches to 9 feet. 
 
The vegetation in the proposed reach 1 plan will require 2,851 acre-feet/year including consumptive and 
evaporative losses and direct precipitation.  This does not include constructed (groundwater) recharge 
nor channel losses.  If channel losses are estimated to be 4.0 acre-feet per mile per day then an 
additional 6,905 acre-feet/year is required to sustain the ecosystem restoration. For the recommended 
plan this equates to a total of 9,756 acre-feet/year, or on average approximately 8.71 mgd.  A limited 
restoration plan, or a plan to maintain the existing habitat would reduce the water needs to 8,384 acre-
feet/year (average 7.49 mgd) or 7,632 acre-feet/year (average 6.82 mgd), respectively. 
 
The Tres Rios del Norte project probably cannot proceed without effluent. 
 



Pima County Wastewater Management Department 
Tucson, Arizona 

Pima County Regional Optimization Master Plan 

Workshop #9 
 
 
 

4 
J:\Projects\Pima Co WM\05302-ROMP\06 Gen Studies-Rpts\6.1 Report\App A-Wkshp Summ\mn-Wkshp #9.doc 

6. Mike Gritzuk asked the status of other ecosystem restoration projects considered by the PCRFCD.  
Tom Helfrich indicated that the Paseo de las Iglesias (1,000 acre) project, which is up the Santa Cruz 
River (south of Congress) of the Tres Rios del Norte project.  The Paseo de las Iglesias project is 
completed and is first in line for funding.  The Tres Rios del Norte project is second for funding (with 
a preliminary cost of $300 million) and third is a project that covers the Santa Cruz River from 
Congress to Prince Road.  The latter project is not in the planning stage at this time, but is projected 
to start in two years.  Funding sources are to include the County, City of Tucson, City of Marana, 
Corps of Engineers and private donations. 

 
Mike Bunch asked if the funds are available for the projects.  Funding for all the projects is not 
committed.  It is expected that some elements of the Tres Rios del Norte project will be funded and 
constructed, while other elements will go unfunded. 

 
7. Dennis Rule indicated that regard to the Tres Rios del Norte project the Tucson Water was keeping 

their options open regarding water recharge in the Santa Cruz River.  Depending on the timing of 
events Tucson Water could utilize effluent directly or recover water through a river groundwater 
recharge program.  With managed recharge, the plant effluent would be moved one-half mile 
upstream (south). 

 
8. Harlan Agnew asked if there were any lakes or ponds created by the projects.  Tom Helfrich indicated 

that there will be wetlands and open water features, but none deep enough to be classified as a lake 
(minimum depth of 9 feet). 

 
Tres Rios del Norte program is based on 9,000 AC/ft/yr for consumptive use on the Santa Cruz River, 
approximately 3,000 AC/ft/yr between Roger Road and Ina Road.  Another 6,000 AC/ft/yr is planned 
below Ina Road.  This does not consider recharge allocations. 
 
Ron Riska asked whether the T-berms would survive a storm event.  The response was unknown if 
they would survive.  T-berms will be constructed with local funds.  Also, with the vegetation planned, 
what sorts of nutrients are required in the water?  Response from Tom Helfrich was that nutrients 
were not discussed in the Corps of Engineers’ study. 

 
9. Orrie Albertson presented the information on wastewater characteristics and flows.  There was 

discussion whether 85 gpcd was a correct assumption for the future with low flow fixtures and 
interest in gray water use.  Paul Bennett suggested a sensitivity analysis for flows as low as 65 gpcd 
from the 85 gpcd be used in the planning activity. 

 
Wastewater characteristics and flows were covered on pages 6 through 11 of the handout. 

 
10. Joe Popeck presented the background and regulatory/other drivers for phosphorus removal in the 

effluent.  Phosphorus can lead to algae growth and hypoxia conditions creating aesthetic and odor 
problems, and negative impacts on aquatic life.  Dennis Froehlich suggested that P removal be 
designed to treat the entire flow at the plant, but only that portion discharged to the river receive 
phosphorus removal treatment.  But according to AZPDES permits, the whole effluent needs to be 
treated to the highest standard, which would be for P removal. 
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Based on the fact that master plan is for 25 years in the future, add bio P removal to the treatment 
system requirements. 
 
Phosphorus removal was covered on pages 5 and 6, and 15 through 18 of the handout. 
 

11. Gordon Culp reviewed the process evaluation matrix.  The selected process from the matrix is to 
determine the system configuration to determine the total integrated costs of the options.  After the 
options are evaluated, a sensitivity analysis will confirm the final process selection.  The group agreed 
to do the system configuration based on Bardenpho, then do sensitivity with other processes - IF/AS, 
MLE + deN filters and Biotowers (at Roger Road WWTP for 20 mgd only).  This will provide the 
difference in the process costs, as well as the total system costs.  This process does not close doors on 
any process. 
 
Jim Doyle reminded the group that the process selected must be operable, maintainable, reliable and 
be “bullet-proof” with regards to meeting permit requirements. 
 
Process evaluation was covered in pages 11 through 14 of the handout. 
 

12. Joe Popeck presented key design criteria including schedule, costs, risks and value of existing 
facilities.  An example of risk is the creation of an illogical flow path for adding new aeration tanks.  
Piping arrangements have pipes crossing other pipes and aeration tanks scattered around the site.  
Melodee Loyer asked if a “green field” plant could be designed and would the public accept higher 
costs for construction.  A “green field” plant is an option for Roger Road WWTP. 
 
Valuation methodology uses asset approach to determine investment value of assets to remain in 
service in the future.  Asset values are adjusted on condition and functionality for its intended use.  
Mike Gritzuk agreed with these factors and added a factor to maintain facilities in service during 
construction and factors for retrofitting existing structures where existing conditions are unknown.  
John Sherlock supported the idea of increased construction cost risk because of lack of “as-builts”.  
There was concern over double accounting or over derating an asset, so that assigning values will 
need to be carried out carefully. 
 
Key design criteria was covered on pages 18 through 27 of the handout. 
 

13. Gordon Culp presented the flow matrix from the beginning of the workshop.  There was discussion 
on the plants to expand Ina Road WPCF to 50 mgd as Roger Road WWTP has 160 acres available for 
facilities.  After review of the alternatives, the group decided the flows discussed at Workshop #4 
would remain for the development of the system configuration options.  A sensitivity analysis will be 
conducted to evaluate the other flows under consideration. 

 
14. Mike Gritzuk summarized the workshop as a good session and thanked everyone for attending and 

participating. 
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Agenda 
Workshop #9 – Second Brainstorming Workshop & Facility Oriented Workshop 

August 9, 2006 

Time Topic Presenter

7:45 am Continental Breakfast – Tucson Main Library, Basement Meeting Rm, 101 N. Stone 

8:15 am Opening Session 
• Welcoming Remarks Mike Gritzuk
• Review Agenda Andy Richardson
• Workshop Goals 

8:30 am Tres Rios del Norte Project PCFCD

8:50 am Phosphorus Removal Joe Popeck
 • Background 

• Regulatory/Other Divers 

9:00 am Design Influent/Mass Loadings Orrie Albertson
• Roger Road WWTP 
• Ina Road WPCF 

10:00 am Break 

10:15 am Process Evaluation Matrix Revisited Gordon Culp
• Peer Group Responses 
• Discussion 
• Develop/Complete Matrix 

11:15 am Phosphorus Removal – Part 2 Joe Popeck
• Bio P Impacts 
• Chemical Addition Impacts 
• Ultimate Level of P Removal 

12:00 pm Lunch 

1:00 pm Key Design Criteria Joe Popeck
• Level of Treatment Plant Detail 
• Basis of Cost Estimates 
• Design Criteria Used to Size Treatment Processes 

2:00 pm Process for System Configuration Evaluation Gordon Culp

3:00 pm Second Treatment Process (Sensitivity Testing) Gordon Culp

3:15 pm Summary Wrap-Up Andy Richardson
• Comments by Group 
• Closing Remarks Mike Gritzuk

3:30 pm Adjourn 
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Flip Chart Notes – August 9, 2006 
 
 

Q, mgd 

IR RR 
Rehab 

RR 
Greenfield 

Bardenpho IF/AS MLE + deN Filter 

22 60 60    
38 44 44    
45 37 37    

50* 32* 32    
62* 20*(1) 20    
82* 0* --    

IR = Ina Road WPCF 
RR = Roger Road WWTP 
* = Flows from Workshop #4 
(1)  Use of Biotower option at RR 

 
Tres Rios 
Â Three Corp restoration projects: 

− Project 1:  Six miles south of Congress 
− Project 2:  Congress to Prince behind by a couple of years 
− Project 3:  Tres Rios 

Â Reach 1 Prince Road to Ina Road 
Â Water depths 6 inches to less than 9 feet – River bottom 
Â 40 Acres of wetlands (over 9 feet is considered a lake) 

− 8 AC/ft/AC cottonwoods/willows (145 acres) 
− 6 AC/ft/AC wetlands (40 acres),  
− 3AC/ft/AC  mesquite bosque (438 acres) 
− 2 AC/ft/AC desert scrub (164 acres) 

Â 8,200 AC/ft/year for groundwater recharge 
 
Tres Rios – $300 million 
Â Tres Rios construction start 2010?  Two-year construction 2012? 
Â 2,800 AC/ft/yr (2.5 mgd) for existing/new habitat 
Â 8,384 AC/ft/yr (7.5 mgd) wet channel Roger Road to Ina Road 
Â May or not need in-channel recharge;  Tucson Water has to look at timing 
Â Total demand 

− Total Restore 2,851 AC/ft/yr 
− Total Water Demand 8,195 AC/ft/yr 
− Losses 6,905 
− Total Water 15,100 
  17,951 AC/ft 
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Â No lakes or ponds 
Â River bottom wetlands 
Â Flowing water feature 
Â Open body water 
Â Several elements will go forward, maybe?  

 
Phosphorus 
Â Need present worth on Bio P added at after construction of original facility 

 
Process 
Â Use Bardenpho for system configuration with other processes for sensitivity analysis 
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Workshop Presenters
Mike Gritzuk Welcome/Closing
Andy Richardson Facilitator
PCFCD Tres Rios del Norte Project
Joe Popeck Phosphorus Removal /     

Key Design Criteria
Orrie Albertson Design Influent /

Mass Loadings
Gordon Culp Process Evaluations
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Welcoming Remarks

Mike Gritzuk

Overview

Andy Richardson
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Agenda

Workshop objectives
Tres Rios del Norte Project
Phosphorus removal
Design influent/mass loadings
Process evaluation matrix revisited
Key design criteria
Process for system configuration evaluation
Second treatment process (sensitivity testing)
Summary wrap-up

6

Groundrules

Success is the responsibility of all
Everyone shares the responsibility for success
Everyone must participate fully to the extent of 
their expertise
We agree to speak up honestly and with candor
Disagreements are with opinions or issues, and 
have basis in fact, not with personalities
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Groundrules (continued)

Listen attentively and respectfully to others
Participate conscientiously and read material 
prior to workshops
Understanding is our objective, but consensus 
is not required
Adhere to these groundrules and hold each 
other accountable

8

Role of Facilitator

Remain neutral and objective
Expedite adherence to agenda and schedule
Ensure an equal opportunity to be heard
Keep group focused on discussion as planned, 
place items in “parking lot”
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Role of Facilitator (continued)

Remind all of groundrules
Negotiate changes in agenda, schedule, or 
procedure
Manage discussion, sequence speakers, and 
exercise leadership

10

Study Process

Workshop Description
1 Study Initiation and Kick-Off
2 Reuse/Flow Transfer Workshop
3 Stakeholder and Regulatory Requirements
4 First Brainstorming Workshop …
5 Ina Road WPCF Facility 
6 Roger Road WWTP Facility 
7 Biosolids Workshop 
8 Plant Interconnect/Conveyance System 
9 Second Brainstorming Workshop …
Strategic Decisions (Select Existing Plan, Transfer 
Some, or Transfer All)
10 Technologies Workshop
11 Evaluation of Treatment Plant
12 Conveyance … Flow Management Plan
13 Recommended Outlying Area Plan
Detailed Decisions
14 First Draft of Report Study
15 CIP Phasing and Cost Schedules
Implementation Plan
16 Implementation Plan/Final Report
Final Plan

#1 #2 #3 #4 #5 #6 #7 #8 #9

#10 #11 #12 #13

#14 #15

#16

Strategic Decisions

Implementation Plan

Final Plan

Detailed Decisions
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Workshop Objectives

Agree on level of phosphorus removal for design
Agree on influent loadings
Agree on level of treatment plant detail adequate to 
select system configuration
Agree on basis of cost estimates
Agree on design criteria used to size treatment 
processes
Agree on treatment process evaluation matrix 
Address concern that selection of only one treatment 
process for system configuration evaluation may bias 
selection of system configuration

Tres Rios del Norte Project

PCFCD
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Phosphorus Removal

Joe Popeck

14

Phosphorus Removal

Background

Regulatory / other drivers
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Phosphorus Removal Background

PCWMD has expressed the desire to 
include P Removal a part of ROMP 
(preference for Bio – P)

Neither current nor future (2014/2015) 
AZPDES Permits require P Removal

16

P Removal – Regs/Other Drivers

Drivers for P Removal
Á Prevent degradation of receiving waters 

Á Algae Growth/Hypoxia – negative impacts on fish 
Á N/P Ratio < 7.0, promotes growth of blue-green algae 

with related odor problems in receiving stream

Á Possibly of Tres Rios del Norte Project
Á Regulatory uncertainty/being investigated
Á Others???
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P Removal – Regs/Other Drivers

Effluent P Requirements may be lower 
than 1 mg/L, perhaps 0.1 mg/L

Á Bio P not able to achieve the lower limit

Á However, Bio P can be coupled with 
Chemical P for polishing to lower limits

Design Influent /Mass 
Loadings
Orrie Albertson
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Preliminary Wastewater 
Characteristics from WS #4

9.29.8mg/LTP
51.554.4mg/LTKN
92219mg/LVSS

112281mg/LTSS
122122mg/LsBOD
207300mg/LBOD5

420649mg/LCOD

Primary 
Effluent

Primary 
InfluentUnitsParameter

20

Wastewater Characteristics 
RR 32 MGD

10101910mg/LTP
46475147mg/LTKN

104243791225mg/LVSS
1263101,011286mg/LTSS
123121116121mg/LSBOD5
214301506294mg/LBOD5
4436591,011648mg/LCOD

32.633.21.132.1MGDFlow

Parameter Primary 
Effluent

Primary 
InfluentRecyclesTotal Raw 

InfluentUnits
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Wastewater Characteristics 
IR 50 MGD

Primary 
Effluent

Primary 
InfluentRecyclesTotal Raw 

InfluentUnitsParameter

141510211mg/LTP
616321955mg/LTKN

123282881254mg/LVSS
1463581,201319mg/LTSS
126123125123mg/LSBOD5
229324456318mg/LBOD5
4566891,265663mg/LCOD

51.452.62.350.2MGDFlow

22

Wastewater Characteristics 
RR 20 MGD

Primary 
Effluent

Primary 
InfluentRecyclesTotal Raw 

InfluentUnitsParameter

10101910mg/LTP
47485148mg/LTKN

110258794239mg/LVSS
1343291,014304mg/LTSS
126123117123mg/LSBOD5
220310507303mg/LBOD5
4556771,014665mg/LCOD

20.420.80.720.1MGDFlow
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Wastewater Characteristics 
IR 62 MGD

Primary 
Effluent

Primary 
InfluentRecyclesTotal Raw 

InfluentUnitsParameter

13149011mg/LTP
575919654mg/LTKN

116270873244mg/LVSS
1403431,172307mg/LTSS
125122123122mg/LSBOD5
223317461311mg/LBOD5
4416791,238654mg/LCOD

63.664.92.762.2MGDFlow

24

Wastewater Characteristics 
IR 82 MGD

Primary 
Effluent

Primary 
InfluentRecyclesTotal Raw 

InfluentUnitsParameter

12137510mg/LTP
545616552mg/LTKN

115265852241mg/LVSS
1383371,140304mg/LTSS
123121122121mg/LSBOD5

222314472307mg/LBOD5

4526751,184654mg/LCOD
84.085.73.482.3MGDFlow
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Roger Road Mass Balance – 32 mgd

Primary
Tanks

Aeration 
Tanks Clarifiers

GT Digesters

Primary Effluent

2,630TP, ppd

12,400TKN, ppd

28,230VSS, ppd

34,340TSS, ppd

58,030BOD, ppd

32.57Flow, mgd

Primary Effluent

2,630TP, ppd

12,400TKN, ppd

28,230VSS, ppd

34,340TSS, ppd

58,030BOD, ppd

32.57Flow, mgd

Secondary Effluent

1,050TP, ppd

800TKN, ppd

2,130TSS, ppd

1,330BOD, ppd

31.88Flow, mgd

Secondary Effluent

1,050TP, ppd

800TKN, ppd

2,130TSS, ppd

1,330BOD, ppd

31.88Flow, mgd

Primary Influent

2,780TP, ppd

13,080TKN, ppd

67,380VSS, ppd

85,860TSS, ppd

83,380BOD, ppd

33.19Flow, mgd

Primary Influent

2,780TP, ppd

13,080TKN, ppd

67,380VSS, ppd

85,860TSS, ppd

83,380BOD, ppd

33.19Flow, mgd

Combined Influent

2,610TP, ppd

12,620TKN, ppd

60,170VSS, ppd

76,650TSS, ppd

78,770BOD, ppd

32.10Flow, mgd

Combined Influent

2,610TP, ppd

12,620TKN, ppd

60,170VSS, ppd

76,650TSS, ppd

78,770BOD, ppd

32.10Flow, mgd

Outlying Plant Sludge

160TP, ppd

410TKN, ppd

6,640VSS, ppd

8,200TSS, ppd

4,100BOD, ppd

0.10Flow, mgd

Outlying Plant Sludge

160TP, ppd

410TKN, ppd

6,640VSS, ppd

8,200TSS, ppd

4,100BOD, ppd

0.10Flow, mgd

Primary Sludge

150TP, ppd

680TKN, ppd

39,150VSS, ppd

51,520TSS, ppd

25,350BOD, ppd

0.62Flow, mgd

Primary Sludge

150TP, ppd

680TKN, ppd

39,150VSS, ppd

51,520TSS, ppd

25,350BOD, ppd

0.62Flow, mgd

Thickener Overflow

170TP, ppd

460TKN, ppd

7,210VSS, ppd

9,210TSS, ppd

4,610BOD, ppd

1.09Flow, mgd

Thickener Overflow

170TP, ppd

460TKN, ppd

7,210VSS, ppd

9,210TSS, ppd

4,610BOD, ppd

1.09Flow, mgd

Digested Sludge

1,560TP, ppd

32,420VSS, ppd

50,510TSS, ppd

0.22Flow, mgd

Digested Sludge

1,560TP, ppd

32,420VSS, ppd

50,510TSS, ppd

0.22Flow, mgd

Waste Activated Sludge

1,580TP, ppd

32,900VSS, ppd

40,620TSS, ppd

0.69Flow, mgd

Waste Activated Sludge

1,580TP, ppd

32,900VSS, ppd

40,620TSS, ppd

0.69Flow, mgd

Raw Wastewater

2,450TP, ppd

12,210TKN, ppd

53,530VSS, ppd

68,450TSS, ppd

74,670BOD, ppd

32.00Flow, mgd

Raw Wastewater

2,450TP, ppd

12,210TKN, ppd

53,530VSS, ppd

68,450TSS, ppd

74,670BOD, ppd

32.00Flow, mgd

Thickened Sludge

1,560TP, ppd

64,840VSS, ppd

82,930TSS, ppd

0.22Flow, mgd

Thickened Sludge

1,560TP, ppd

64,840VSS, ppd

82,930TSS, ppd

0.22Flow, mgd

To Ina Road

See Appendix

26

Ina Road Mass Balance – 50 mgd

Primary
Tanks

Aeration 
Tanks Clarifiers

GT Digesters Centrifuges

Total Recycle

1,970TP, ppd

4,250TKN, ppd

17,090VSS, ppd

23,290TSS, ppd

8,840BOD, ppd

2.33Flow, mgd

Total Recycle

1,970TP, ppd

4,250TKN, ppd

17,090VSS, ppd

23,290TSS, ppd

8,840BOD, ppd

2.33Flow, mgd

Cake

3,660TP, ppd

84,780VSS, ppd

133,220TSS, ppd

0.20Flow, mgd

Cake

3,660TP, ppd

84,780VSS, ppd

133,220TSS, ppd

0.20Flow, mgd

Centrate

1,570TP, ppd

3,430TKN, ppd

4,460VSS, ppd

7,010TSS, ppd

700BOD, ppd

0.41Flow, mgd

Centrate

1,570TP, ppd

3,430TKN, ppd

4,460VSS, ppd

7,010TSS, ppd

700BOD, ppd

0.41Flow, mgd

Primary Effluent

6,160TP, ppd

26,030TKN, ppd

52,890VSS, ppd

62,790TSS, ppd

98,040BOD, ppd

51.44Flow, mgd

Primary Effluent

6,160TP, ppd

26,030TKN, ppd

52,890VSS, ppd

62,790TSS, ppd

98,040BOD, ppd

51.44Flow, mgd

Secondary Effluent

2,460TP, ppd

1,260TKN, ppd

3,350TSS, ppd

2,100BOD, ppd

50.26Flow, mgd

Secondary Effluent

2,460TP, ppd

1,260TKN, ppd

3,350TSS, ppd

2,100BOD, ppd

50.26Flow, mgd

Primary Influent

6,530TP, ppd

27,460TKN, ppd

123,570VSS, ppd

156,980TSS, ppd

142,090BOD, ppd

52.57Flow, mgd

Primary Influent

6,530TP, ppd

27,460TKN, ppd

123,570VSS, ppd

156,980TSS, ppd

142,090BOD, ppd

52.57Flow, mgd

Combined Influent

4,560TP, ppd

22,210TKN, ppd

106,480VSS, ppd

133,690TSS, ppd

133,250BOD, ppd

50.24Flow, mgd

Combined Influent

4,560TP, ppd

22,210TKN, ppd

106,480VSS, ppd

133,690TSS, ppd

133,250BOD, ppd

50.24Flow, mgd

Outlying Plant Sludge

400TP, ppd

990TKN, ppd

16,040VSS, ppd

19,800TSS, ppd

9,900BOD, ppd

0.24Flow, mgd

Outlying Plant Sludge

400TP, ppd

990TKN, ppd

16,040VSS, ppd

19,800TSS, ppd

9,900BOD, ppd

0.24Flow, mgd

Primary Sludge

370TP, ppd

1,430TKN, ppd

70,680VSS, ppd

94,190TSS, ppd

44,050BOD, ppd

1.13Flow, mgd

Primary Sludge

370TP, ppd

1,430TKN, ppd

70,680VSS, ppd

94,190TSS, ppd

44,050BOD, ppd

1.13Flow, mgd

Thickener Overflow

400TP, ppd

820TKN, ppd

12,630VSS, ppd

16,280TSS, ppd

8,140BOD, ppd

1.92Flow, mgd

Thickener Overflow

400TP, ppd

820TKN, ppd

12,630VSS, ppd

16,280TSS, ppd

8,140BOD, ppd

1.92Flow, mgd
Ina Digested Sludge

3,670TP, ppd

56,820VSS, ppd

89,720TSS, ppd

0.39Flow, mgd

Ina Digested Sludge

3,670TP, ppd

56,820VSS, ppd

89,720TSS, ppd

0.39Flow, mgd

Waste Activated Sludge

3,700TP, ppd

55,590VSS, ppd

68,630TSS, ppd

1.18Flow, mgd

Waste Activated Sludge

3,700TP, ppd

55,590VSS, ppd

68,630TSS, ppd

1.18Flow, mgd

Raw Wastewater

4,160TP, ppd

22,220TKN, ppd

90,440VSS, ppd

113,890TSS, ppd

123,350BOD, ppd

50.00Flow, mgd

Raw Wastewater

4,160TP, ppd

22,220TKN, ppd

90,440VSS, ppd

113,890TSS, ppd

123,350BOD, ppd

50.00Flow, mgd

Thickened Sludge

3,670TP, ppd

113,640VSS, ppd

146,540TSS, ppd

0.39Flow, mgd

Thickened Sludge

3,670TP, ppd

113,640VSS, ppd

146,540TSS, ppd

0.39Flow, mgd

Roger Digested Sludge

1,560TP, ppd

32,420VSS, ppd

50,510TSS, ppd

0.22Flow, mgd

Roger Digested Sludge

1,560TP, ppd

32,420VSS, ppd

50,510TSS, ppd

0.22Flow, mgd

See Appendix
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Roger Road Mass Balance – 20 mgd

Primary
Tanks

Aeration 
Tanks Clarifiers

GT Digesters

Primary Effluent

1,710TP, ppd

7,920TKN, ppd

18,790VSS, ppd

22,810TSS, ppd

37,450BOD, ppd

20.40Flow, mgd

Primary Effluent

1,710TP, ppd

7,920TKN, ppd

18,790VSS, ppd

22,810TSS, ppd

37,450BOD, ppd

20.40Flow, mgd

Secondary Effluent

690TP, ppd

500TKN, ppd

1,330TSS, ppd

830BOD, ppd

19.95Flow, mgd

Secondary Effluent

690TP, ppd

500TKN, ppd

1,330TSS, ppd

830BOD, ppd

19.95Flow, mgd

Primary Influent

1,810TP, ppd

8,350TKN, ppd

44,840VSS, ppd

57,040TSS, ppd

53,800BOD, ppd

20.81Flow, mgd

Primary Influent

1,810TP, ppd

8,350TKN, ppd

44,840VSS, ppd

57,040TSS, ppd

53,800BOD, ppd

20.81Flow, mgd

Combined Influent

1, 700TP, ppd

8,050TKN, ppd

40,110VSS, ppd

51,000TSS, ppd

50,780BOD, ppd

20.10Flow, mgd

Combined Influent

1, 700TP, ppd

8,050TKN, ppd

40,110VSS, ppd

51,000TSS, ppd

50,780BOD, ppd

20.10Flow, mgd

Outlying Plant Sludge

170TP, ppd

410TKN, ppd

6,640VSS, ppd

8,200TSS, ppd

4,100BOD, ppd

0.10Flow, mgd

Outlying Plant Sludge

170TP, ppd

410TKN, ppd

6,640VSS, ppd

8,200TSS, ppd

4,100BOD, ppd

0.10Flow, mgd

Primary Sludge

100TP, ppd

430TKN, ppd

26,050VSS, ppd

34,230TSS, ppd

16,350BOD, ppd

0.41Flow, mgd

Primary Sludge

100TP, ppd

430TKN, ppd

26,050VSS, ppd

34,230TSS, ppd

16,350BOD, ppd

0.41Flow, mgd

Thickener Overflow

110TP, ppd

300TKN, ppd

4,730VSS, ppd

6,040TSS, ppd

3,020BOD, ppd

0.71Flow, mgd

Thickener Overflow

110TP, ppd

300TKN, ppd

4,730VSS, ppd

6,040TSS, ppd

3,020BOD, ppd

0.71Flow, mgd

Digested Sludge

1,010TP, ppd

21,280VSS, ppd

33,120TSS, ppd

0.15Flow, mgd

Digested Sludge

1,010TP, ppd

21,280VSS, ppd

33,120TSS, ppd

0.15Flow, mgd

Waste Activated Sludge

1,020TP, ppd

21,230VSS, ppd

26,210TSS, ppd

0.45Flow, mgd

Waste Activated Sludge

1,020TP, ppd

21,230VSS, ppd

26,210TSS, ppd

0.45Flow, mgd

Raw Wastewater

1,530TP, ppd

7,630TKN, ppd

33,470VSS, ppd

42,800TSS, ppd

46,680BOD, ppd

20.00Flow, mgd

Raw Wastewater

1,530TP, ppd

7,630TKN, ppd

33,470VSS, ppd

42,800TSS, ppd

46,680BOD, ppd

20.00Flow, mgd

Thickened Sludge

1,010TP, ppd

42,550VSS, ppd

54,400TSS, ppd

0.15Flow, mgd

Thickened Sludge

1,010TP, ppd

42,550VSS, ppd

54,400TSS, ppd

0.15Flow, mgd

To Ina Road

See Appendix

28

Ina Road Mass Balance – 62 mgd

Primary
Tanks

Aeration 
Tanks Clarifiers

GT Digesters Centrifuges

Total Recycle

2,030TP, ppd

4,410TKN, ppd

19,680VSS, ppd

26,420TSS, ppd

10,420BOD, ppd

2.70Flow, mgd

Total Recycle

2,030TP, ppd

4,410TKN, ppd

19,680VSS, ppd

26,420TSS, ppd

10,420BOD, ppd

2.70Flow, mgd

Cake

3,660TP, ppd

85,180VSS, ppd

132,680TSS, ppd

0.20Flow, mgd

Cake

3,660TP, ppd

85,180VSS, ppd

132,680TSS, ppd

0.20Flow, mgd

Centrate

1,560TP, ppd

3,440TKN, ppd

4,480VSS, ppd

6,990TSS, ppd

700BOD, ppd

0.41Flow, mgd

Centrate

1,560TP, ppd

3,440TKN, ppd

4,480VSS, ppd

6,990TSS, ppd

700BOD, ppd

0.41Flow, mgd

Primary Effluent

7,070TP, ppd

30,480TKN, ppd

61,410VSS, ppd

74,300TSS, ppd

118,450BOD, ppd

63.60Flow, mgd

Primary Effluent

7,070TP, ppd

30,480TKN, ppd

61,410VSS, ppd

74,300TSS, ppd

118,450BOD, ppd

63.60Flow, mgd

Secondary Effluent

2,830TP, ppd

1,560TKN, ppd

4,150TSS, ppd

2,590BOD, ppd

62.18Flow, mgd

Secondary Effluent

2,830TP, ppd

1,560TKN, ppd

4,150TSS, ppd

2,590BOD, ppd

62.18Flow, mgd

Primary Influent

7,510TP, ppd

32,190TKN, ppd

146,220VSS, ppd

185,760TSS, ppd

171,660BOD, ppd

64.94Flow, mgd

Primary Influent

7,510TP, ppd

32,190TKN, ppd

146,220VSS, ppd

185,760TSS, ppd

171,660BOD, ppd

64.94Flow, mgd

Combined Influent

5,480TP, ppd

27,780TKN, ppd

126,540VSS, ppd

159,340TSS, ppd

161,240BOD, ppd

62.24Flow, mgd

Combined Influent

5,480TP, ppd

27,780TKN, ppd

126,540VSS, ppd

159,340TSS, ppd

161,240BOD, ppd

62.24Flow, mgd

Outlying Plant Sludge

400TP, ppd

990TKN, ppd

16,040VSS, ppd

19,800TSS, ppd

9,900BOD, ppd

0.24Flow, mgd

Outlying Plant Sludge

400TP, ppd

990TKN, ppd

16,040VSS, ppd

19,800TSS, ppd

9,900BOD, ppd

0.24Flow, mgd

Primary Sludge

440TP, ppd

1,710TKN, ppd

84,800VSS, ppd

111,460TSS, ppd

53,210BOD, ppd

1.34Flow, mgd

Primary Sludge

440TP, ppd

1,710TKN, ppd

84,800VSS, ppd

111,460TSS, ppd

53,210BOD, ppd

1.34Flow, mgd

Thickener Overflow

470TP, ppd

970TKN, ppd

15,200VSS, ppd

19,440TSS, ppd

9,720BOD, ppd

2.29Flow, mgd

Thickener Overflow

470TP, ppd

970TKN, ppd

15,200VSS, ppd

19,440TSS, ppd

9,720BOD, ppd

2.29Flow, mgd
Ina Digested Sludge

4,210TP, ppd

68,380VSS, ppd

106,550TSS, ppd

0.47Flow, mgd

Ina Digested Sludge

4,210TP, ppd

68,380VSS, ppd

106,550TSS, ppd

0.47Flow, mgd

Waste Activated Sludge

4,240TP, ppd

67,160VSS, ppd

82,910TSS, ppd

1.42Flow, mgd

Waste Activated Sludge

4,240TP, ppd

67,160VSS, ppd

82,910TSS, ppd

1.42Flow, mgd

Raw Wastewater

5,080TP, ppd

26,790TKN, ppd

110,500VSS, ppd

139,540TSS, ppd

151,340BOD, ppd

62.00Flow, mgd

Raw Wastewater

5,080TP, ppd

26,790TKN, ppd

110,500VSS, ppd

139,540TSS, ppd

151,340BOD, ppd

62.00Flow, mgd

Thickened Sludge

4,210TP, ppd

136,760VSS, ppd

174,930TSS, ppd

6.47Flow, mgd

Thickened Sludge

4,210TP, ppd

136,760VSS, ppd

174,930TSS, ppd

6.47Flow, mgd

Roger Digested Sludge

1,010TP, ppd

21,280VSS, ppd

33,120TSS, ppd

0.15Flow, mgd

Roger Digested Sludge

1,010TP, ppd

21,280VSS, ppd

33,120TSS, ppd

0.15Flow, mgd

See Appendix
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Ina Road Mass Balance – 82 mgd

Primary
Tanks

Aeration 
Tanks Clarifiers

GT Digesters Centrifuges

Total Recycle

2,130TP, ppd

4,680TKN, ppd

24,140VSS, ppd

32,290TSS, ppd

13,360BOD, ppd

3.40Flow, mgd

Total Recycle

2,130TP, ppd

4,680TKN, ppd

24,140VSS, ppd

32,290TSS, ppd

13,360BOD, ppd

3.40Flow, mgd

Cake

3,600TP, ppd

84,240VSS, ppd

132,310TSS, ppd

0.20Flow, mgd

Cake

3,600TP, ppd

84,240VSS, ppd

132,310TSS, ppd

0.20Flow, mgd

Centrate

1,560TP, ppd

3,410TKN, ppd

4,430VSS, ppd

6,960TSS, ppd

700BOD, ppd

0.41Flow, mgd

Centrate

1,560TP, ppd

3,410TKN, ppd

4,430VSS, ppd

6,960TSS, ppd

700BOD, ppd

0.41Flow, mgd

Primary Effluent

8,780TP, ppd

37,920TKN, ppd

80,540VSS, ppd

96,340TSS, ppd

155,380BOD, ppd

84.01Flow, mgd

Primary Effluent

8,780TP, ppd

37,920TKN, ppd

80,540VSS, ppd

96,340TSS, ppd

155,380BOD, ppd

84.01Flow, mgd

Secondary Effluent

3,500TP, ppd

2,060TKN, ppd

5,480TSS, ppd

3,430BOD, ppd

82.15Flow, mgd

Secondary Effluent

3,500TP, ppd

2,060TKN, ppd

5,480TSS, ppd

3,430BOD, ppd

82.15Flow, mgd

Primary Influent

9,230TP, ppd

40,090TKN, ppd

189,500VSS, ppd

240,850TSS, ppd

224,210BOD, ppd

85.74Flow, mgd

Primary Influent

9,230TP, ppd

40,090TKN, ppd

189,500VSS, ppd

240,850TSS, ppd

224,210BOD, ppd

85.74Flow, mgd

Combined Influent

7,100TP, ppd

35,410TKN, ppd

165,360VSS, ppd

208,560TSS, ppd

210,850BOD, ppd

82.34Flow, mgd

Combined Influent

7,100TP, ppd

35,410TKN, ppd

165,360VSS, ppd

208,560TSS, ppd

210,850BOD, ppd

82.34Flow, mgd

Outlying Plant Sludge

560TP, ppd

1,400TKN, ppd

22,680VSS, ppd

28,000TSS, ppd

14,000BOD, ppd

0.34Flow, mgd

Outlying Plant Sludge

560TP, ppd

1,400TKN, ppd

22,680VSS, ppd

28,000TSS, ppd

14,000BOD, ppd

0.34Flow, mgd

Primary Sludge

480TP, ppd

2,170TKN, ppd

108,960VSS, ppd

144,510TSS, ppd

68,830BOD, ppd

1.73Flow, mgd

Primary Sludge

480TP, ppd

2,170TKN, ppd

108,960VSS, ppd

144,510TSS, ppd

68,830BOD, ppd

1.73Flow, mgd

Thickener Overflow

570TP, ppd

1,270TKN, ppd

19,710VSS, ppd

25,330TSS, ppd

12,660BOD, ppd

2.99Flow, mgd

Thickener Overflow

570TP, ppd

1,270TKN, ppd

19,710VSS, ppd

25,330TSS, ppd

12,660BOD, ppd

2.99Flow, mgd
Ina Digested Sludge

5,160TP, ppd

88,680VSS, ppd

139,270TSS, ppd

0.61Flow, mgd

Ina Digested Sludge

5,160TP, ppd

88,680VSS, ppd

139,270TSS, ppd

0.61Flow, mgd

Waste Activated Sludge

8,250TP, ppd

88,100VSS, ppd

108,760TSS, ppd

1.86Flow, mgd

Waste Activated Sludge

8,250TP, ppd

88,100VSS, ppd

108,760TSS, ppd

1.86Flow, mgd

Raw Wastewater

6,540TP, ppd

34,010TKN, ppd

142,680VSS, ppd

180,560TSS, ppd

196,850BOD, ppd

82.00Flow, mgd

Raw Wastewater

6,540TP, ppd

34,010TKN, ppd

142,680VSS, ppd

180,560TSS, ppd

196,850BOD, ppd

82.00Flow, mgd

Thickened Sludge

5,160TP, ppd

177,350VSS, ppd

227,940TSS, ppd

0.61Flow, mgd

Thickened Sludge

5,160TP, ppd

177,350VSS, ppd

227,940TSS, ppd

0.61Flow, mgd

See Appendix

30

Raw Wastewater Characteristic 
Development

4.8 ± 0.28.76.0 ± 0.38TP
22.9 ± 0.9-22.7 ± 0.3-NH4-N
33.2 ± 2.143.438.5 ± 2.239TKN

48 ± 984198 ± 11180VSS
57 ± 11103234 ± 17228TSS
106 ± 1011788 ± 7116SBOD5

148 ± 13195231 ± 14261BOD5

230 ± 16-207 ± 16-SCOD
352 ± 21408594 ± 63585COD

Special Test, mg/LPreliminary, mg/L Special Test, mg/LPreliminary, mg/LParameter
PRIMARY EFFLUENTRAW

Preliminary vs. Special Testing WW Characteristics RR WWTP
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Raw Wastewater Characteristic 
Development

5.8 ± 0.69.26.6 ± 0.410TP
33.7 ± 3.2-27.0 ± 7.6-NH4-N
45.0 ± 5.351.540.7 ± 1.657TKN
57 ± 1392217 ± 10220VSS
65 ± 14112258 ± 15270TSS
49 ± 912263 ± 7125SBOD5

106 ± 9207223 ±15300BOD5

155 ± 21-165 ±19-SCOD
286 ± 42420557 ± 46590COD

Special Test, mg/LPreliminary, mg/L Special Test, mg/LPreliminary, mg/LParameter
PRIMARY EFFLUENTRAW

Preliminary vs. Special Testing WW Characteristics IR WPCF

Process Evaluation Matrix 
Revisited
Gordon Culp
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Process Evaluation Matrix Revisited

Process Evaluation Matrix presents a 
single majority answer (from Peer Group) 
for each question for each process
Questions are separated into “Primary”
and “Secondary” considerations
Process Evaluation Matrix are done 
separately for Roger Road WWTP and Ina 
Road WPCF

34

Comprehensive
Matrix

DK, DK, 
DKDK, DKDK, N, NDK, N, NY, DK, DKY, YDK, DKDK, DKY, Y, YY, Y, Y

11. Has been used in Bio N Removal in 
Plants >20 mgd, >3 yrs

N, N, NDK, NN, N, N, 
N, N, N

Y, Y, Y, 
Y, Y, Y

N, N, N, 
N, N, N

DK, Y, Y, 
Y, DK, DK

DK, N,
N, NA, N

DK, N,
N, NA, N

Y, Y, Y, 
Y, Y, YN, N, N

10. O&M Costs in Range of Bardenpho

N, MNY, NA, 
NA, N, N

Y, NA, 
NA, N, N

N, NA, NA, 
N, M

N, NA,
NA, N, N

N, NA, 
NA, NA

N, NA, 
NA, NA

Y, NA,
NA, N, N

Y, NA,
NA, N, N

9. Can use HPO System

Y, Y, YY, YY, Y, Y, 
Y, Y, Y

Y, Y, Y, 
Y, Y, Y

Y, Y, Y, 
Y, Y, Y

Y, Y, Y, 
Y, Y, Y

Y, Y, Y, 
NA, Y

Y, Y,
Y, NA, Y

Y, Y, Y, 
Y, Y, YY, Y, Y

8. Achieve Eff. Turbidity <2 NTU

Y, Y, YY, YY, Y, Y, 
Y, Y, Y

Y, Y, Y, 
Y, Y, Y

N, N, N, 
N, N, N

Y, Y, Y, 
Y, Y, Y

Y, Y, Y, 
NA, Y

Y, Y,
Y, NA, Y

Y, Y, Y, 
Y, Y, YY, Y, Y

7. Can use Existing Tankage

DK, DK, 
DKDK, DKDK, N, N, 

N, Y, Y
Y, Y, Y, 
Y, Y, Y

N, N, N, 
N, N, N

DK, Y,  Y, 
Y, DK, DK

DK, Y, Y, 
NA, DK

DK, Y,
Y, NA, DK

Y, Y, Y, 
Y, Y, YN, DK, DK

6. Capital Costs in Range of Bardenpho

Y, N, NN, NY, Y, Y, 
Y, Y, Y

Y, Y, Y, 
Y, Y, Y

N, N, N, 
N, N, N

Y, N, N, 
N, Y, Y

N, N, N, 
NA, N

Y, Y,
Y, NA, Y

Y, Y, Y, 
Y, Y, YY, Y, Y

5. Can use Bio P Removal

N, YY, YN, N,
N, N, N

N, N,
N, N, N

Y, N, N, 
N, M

N, N,
N, N, N

Y, Y, Y, 
NA, Y

Y, Y,  Y, 
NA, M

N, N, N, 
N, N

N, N,
N, N

4. Use Existing Biotowers

Y, Y, YDK, YN, N, N, 
N, N, N

N, N, N, 
N, N, N

Y, Y, Y, 
Y, Y, Y

N, N, N, 
N, N, N

Y, N, Y, 
NA, Y

Y, Y,
Y, NA, Y

N, N, N, 
N, N, NN, N

3. High Methanol Use

Y, Y, YY, YY, Y, Y, 
Y, Y, Y

Y, Y, Y, 
Y, Y, Y

Y, Y, Y, 
Y, DK, DK

Y, Y, Y, 
Y, Y, Y

Y, Y, Y, 
NA, Y

Y, Y,
Y, NA, Y

Y, Y,  Y,
Y, Y, YY, Y

2. Emerging Contam. Removal

Y, M, MY, YY, Y, Y, 
Y, M, M

Y, Y, Y, 
Y, M, M

Y, Y, Y, 
Y, Y, Y

N, Y,  Y, 
Y, Y, Y

Y, Y,
Y, NA, Y

Y, Y,
Y, NA, Y

Y, Y, Y,
Y, Y, Y

N, N, N, 
N, Y, Y

1. Achieve <8mg/L N with inf = 55 mg/L

MBBRBT/NdNMBRIF/ASBiostyr/BioforStepNdeNBT/NASAS/NTFBardenphoMLEQuestion

Legend
Sequence of Response: Joe Husband; Denny Parker (RR@20 mgd);      

Denny Parker (RR@32 mgd); Denny Parker (IR);
Cindy Wallis-Lage (RR); Cindy Wallis-Lage (IR)

Underlined answers notate different rating than made in Workshop #4
Shaded areas were not rated in Workshop #4

See Appendix



18

35

Roger Road
Matrix

DK, DKDK, DKDK, NDK, NY, DKYDK, DKDK, DKY, YY, Y
11. Has been used in Bio N Removal in 

Plants >20 mgd, >3 yrs

N, NDK, NN, N, 
N, N

Y, Y, 
Y, YN, N, N, NDK, Y, 

Y, DK
DK, N,

N, N
DK, N,

N, NY, Y, Y, YN, N
10. O&M Costs in Range of Bardenpho

NNY, NA, 
NA

Y, NA, 
NAN, NA, NAN, NA,

NAN, NA, NAN, NA, NAY, NA,
NA

Y, NA,
NA

9. Can use HPO System

Y, YY, YY, Y,
Y, Y

Y, Y, 
Y, YY, Y, Y, YY, Y, Y, YY, Y, Y, YY, Y,

Y, YY, Y, Y, YY, Y
8. Achieve Eff. Turbidity <2 NTU

Y, YY, YY, Y, 
Y, Y

Y, Y, 
Y, YN, N, N, NY, Y, Y, YY, Y, Y, YY, Y,

Y, YY, Y, Y, YY, Y
7. Can use Existing Tankage

DK, DKDK, DKDK, N, N,
Y

Y, Y, 
Y, YN, N, N, NDK, Y, 

Y, DKDK, Y, Y, DKDK, Y,
Y, DKY, Y, Y, YN, DK

6. Capital Costs in Range of Bardenpho

Y, NN, NY, Y,
Y, Y

Y, Y, 
Y, YN, N, N, NY, N, 

N, Y
N, N, 
N, N

Y, Y,
Y, YY, Y, Y, YY, Y

5. Can use Bio P Removal

N, YY, YN, N,
N, N

N, N,
N, NY, N, N, MN, N,

N, NY, Y, Y, YY, Y, 
Y, MN, N, N, NN, N,

N, N
4. Use Existing Biotowers

Y, YDK, YN, N, 
N, N

N, N, 
N, NY, Y, Y, YN, N, 

N, NY, N, Y, YY, Y,
Y, YN, N, N, NN

3. High Methanol Use

Y, YY, YY, Y, 
Y, Y

Y, Y, 
Y, YY, Y, Y, DKY, Y, Y, YY, Y, Y, YY, Y,

Y, YY, Y,  Y, YY
2. Emerging Contam. Removal

Y, MY, YY, Y, 
Y, M

Y, Y, 
Y, MY, Y, Y, YN, Y, Y, YY, Y, Y, YY, Y,

Y, YY, Y, Y, YN, N, 
N, Y

1. Achieve <8mg/L N with inf = 55 mg/L

MBBRBT/NdNMBRIF/ASBiostyr/BioforStepNdeNBT/NASAS/NTFBardenphoMLEQuestion

Legend
Sequence of Response: Joe Husband; Denny Parker (RR@20 mgd);      

Denny Parker (RR@32 mgd); 
Cindy Wallis-Lage (RR);

Underlined answers notate different rating than made in Workshop #4
Shaded areas were not rated in Workshop #4

See Appendix
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Roger Road Matrix Difference of 
Opinions

1 Y and 1 NCan Use Bio PMBBR

1 Y and 1 NUse Existing BiotowersMBBR

1 Y and 1 MAchieve <8 mg/L N with Inf = 55 mg/LMBBR

2 Ns and 1 YCapital Cost in Range of BardenphoMBR

3 Ys and 1 MAchieve <8 mg/L N with Inf = 55 mg/LMBR

3 Ys and 1 MAchieve <8 mg/L N with Inf = 55 mg/LIF/AS

1 Y, 2 Ns and 1 MUse Existing BiotowersBiostry/Biofor

2 Ys and 2 NsCan use Bio PStepNdeN

3 Ys and 1 NAchieve <8 mg/L N with Inf = 55 mg/LStepNdeN

3 Ys and 1 NHigh Methanol UseBT/NAS

3 Ns and 1 YAchieve <8 mg/L N with Inf = 55 mg/LMLE

Peer Group 
AnswersQuestionProcess

N

N

Y

N

Y

Y

N

N

Y

Y

N

GH Team 
Answer

N

N

Y

N

Y

Y

N

N

Y

Y

N

GH Team 
Answer
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Ina Road
Matrix

DK, DKDKDK, NDK, NY, DKY, YDKDKY, YY, Y
11. Has been used in Bio N Removal in 

Plants >20 mgd, >3 yrs

N, NDKN, N, NY, Y, YN, N, NDK, Y, DKDK, NADK, NAY, Y, YN, N
10. O&M Costs in Range of Bardenpho

N, MNY, N, NY, N, NN, N, MN, N, NN, NAN, NAY, N, NY, N, N
9. Can use HPO System

Y, YYY, Y, YY, Y, YY, Y, YY, Y, YY, NAY, NAY, Y, YY, Y
8. Achieve Eff. Turbidity <2 NTU

Y, YYY, Y, YY, Y, YN, N, NY, Y, YY, NAY, NAY, Y, YY, Y
7. Can use Existing Tankage

DK, DKDKDK, N, YY, Y, YN, N, NDK, Y, DKDK, NADK, NAY, Y, YN, DK
6. Capital Costs in Range of Bardenpho

Y, NNY, Y, YY, Y, YN, N, NY, N, YN, NAY, NAY, Y, YY, Y
5. Can use Bio P Removal

NYN, NN, NY, NN, NY, NAY, NAN, NN
4. Use Existing Biotowers

Y, YDKN, N, NN, N, NY, Y, YN, N, NY, NAY, NAN, N, NN
3. High Methanol Use

Y, YYY, Y, YY, Y, YY, Y, DKY, Y, YY, NAY, NAY, Y, YY
2. Emerging Contam. Removal

Y, MYY, Y, MY, Y, MY, Y, YN, Y, YY, NAY, NAY, Y, YN, N, Y
1. Achieve <8mg/L N with inf = 55 mg/L

MBBRBT/NdNMBRIF/ASBiostyr/BioforStepNdeNBT/NASAS/NTFBardenphoMLEQuestion

Legend
Sequence of Response: Joe Husband; Denny Parker (IR);

Cindy Wallis-Lage (IR)

Underlined answers notate different rating than made in Workshop #4
Shaded areas were not rated in Workshop #4

See Appendix
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Ina Road Matrix Difference of 
Opinions

Peer Group 
AnswersQuestionProcess

1 Y and 2 NsCan use HPO SystemIF/AS

2 Ys and 1 MAchieve <8 mg/L N with Inf = 55 mg/LIF/AS

2 Ys and 1 NCan use Bio PStepNdeN

1 N and 2 YsAchieve <8 mg/L N with Inf = 55 mg/LStepNdeN

1 Y and 2 NsCan use HPO SystemBardenpho

2 Ns and 1 YAchieve <8 mg/L N with Inf = 55 mg/LMLE

GH Team 
Answer

N

Y

N

Y

N

N
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Ina Road Matrix Difference of 
Opinions

2 Ys and 1 MAchieve <8 mg/L N with Inf = 55 mg/LMBR

1 N and 1 YCapital Cost in Range of BardenphoMBR

Peer Group 
AnswersQuestionProcess

1 N and  1 MCan use HPO SystemMBBR

1 Y and 1 NCan use Bio PMBBR

1Y and 1 MAchieve <8 mg/L N with Inf = 55 mg/LMBBR

1 Y and 2 NsCan use HPO SystemMBR

Y

N

GH Team 
Answer

N

N

Y

N

40

Roger Road
Matrix – Majority Answers 

Secondary Considerations

Primary Considerations

NANANANANANANANANANA9. Can use HPO System

YYYYYYYYYY8. Achieve Eff. Turbidity <2 NTU

Y/NYNNNNYYNN4. Use Existing Biotowers

YYYYYYYYYY2. Emerging Contam. Removal

DKDKNNYYDKDKYY11. Has been used in Bio N Removal in 
Plants >20 mgd, >3 yrs

NNNYNYNNYN10. O&M Costs in Range of Bardenpho

YYYYNYYYYY7. Can use Existing Tankage

DKDKNYNYYYYN6. Capital Costs in Range of Bardenpho

Y/NNYYNY/NNYYY5. Can use Bio P Removal

YYNNYNYYNN3. High Methanol Use

YYYYYYYYYN1. Achieve <8mg/L N with inf = 55 mg/L

MBBRBT/NdNMBRIF/ASBiostyr/BioforStepNdeNBT/NASAS/NTFBardenphoMLEQuestion

Shaded areas were not rated in Workshop #4

See Appendix
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Ina Road
Matrix – Majority Answers 

Secondary Considerations

Primary Considerations

NNNNNNNN9. Can use HPO System

YYYYYYY8. Achieve Eff. Turbidity <2 NTU

NANANANANANANA4. Use Existing Biotowers

YYYYYYY2. Emerging Contam. Removal

DKNNYYYY
11. Has been used in Bio N Removal in 
Plants >20 mgd, >3 Yrs

NNYNYYN10. O&M Costs in Range of Bardenpho

YYYNYYY7. Can use Existing Tankage

DKNYNYYN6. Capital Costs in Range of Bardenpho

Y/NYYNYYY5. Can use Bio P Removal

YNNYNNN3. High Methanol Use

YYYYYYN1. Achieve <8mg/L N with inf = 55 mg/L

MBBRBT/NdNMBRIF/ASBiostyr/BioforStepNdeNBT/NASAS/NTFBardenphoMLEQuestion

Shaded areas were not rated in Workshop #4

See Appendix
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Process Evaluation Matrix Revisited

Based upon the majority answers, 
Bardenpho is recommended for System 
Configuration Analysis

MLE NdeN is recommended for Sensitivity 
Testing of System Configuration 
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Phosphorus Removal – Part 2

Joe Popeck

44

Phosphorus Removal

Capital Costs for P Removal

Annual Costs for P Removal

Summary and Previous 
Recommendations
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Phosphorus Removal

Capital Costs for P Removal

Á Bio P – Range of $60K to $70K per MG to 
achieve 1.0 mg/L in effluent

Á Chemical P - About $10K per MG to achieve 
1.0 mg/L in effluent

46

Phosphorus Removal

Bio P 
Á If included now…
Á Capital Cost may be viewed as insurance
ÁOperation in Bio P mode enhances receiving 

stream
Á Additionally, Operation in Bio P mode increases 

Sludge Settle-ability (SVI)
Á If added later…
Á Space would have to be reserved
Á Capital Cost will be far greater
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Phosphorus Removal

Chemical P
Á If included now…
Á Capital Cost lower than providing for Bio P

Á If added later…
Á Space would have to be reserved
Á Capital Cost will be lower than providing for 

Bio P

48

Phosphorus Removal

Annual Costs for P Removal
Á Bio P – Range of $4K to $6K per MG to 

achieve 1.0 mg/L P in effluent
Á Assumes that some Chemical P treatment is 

necessary to consistently meet effluent 
standard of 1 mg/L P

Á Chemical P – Range of $100K to $110K per 
MG to achieve 1.0 mg/L P in effluent
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P Removal Costs – $1000’s

$1,000$130Present Worth 
$105$6Total Add’l Annual Cost
$25$2Add’l Annual Sludge Cost
$80$4Annual Chemical Cost
$10$70Total Add’l Capital
$10$4Chemical S and H
$0$66Additional AT

Chemical PBio PCost Element (per MG)

50

P Removal Costs – $1000’s

$82,000$10,70082 MGD
$62,000$8,10062 MGD
$50,000$6,50050 MGD
$32,000$4,20032 MGD
$20,000$2,60020 MGD

Chemical PBio PPlant Capacity
Phosphorus Removal PW Cost Summary
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Phosphorus Removal

Summary:
Á Small, but real possibility of a regulatory P 

standard in the future
Á Bio P requires a relatively small capital investment 

to provide “insurance policy”
Á Operation in Bio P mode will enhance receiving 

stream
Á Operation in Bio P mode will improve sludge 

settle-ability (SVI)

52

Phosphorus Removal

Recommendations from WS #4

Á Include Bio P as a primary issue regarding 
Process Alternative Screening

Á Include Bio P in Process Alternative Cost 
Evaluations
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Phosphorus Removal

Should the PCWMD ROMP include Bio P 
removal as a primary consideration in the 
selection of process alternatives?

Key Design Criteria

Joe Popeck
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Key Design Criteria

Schedule 
Level of detail for layouts of treatment plant 
alternatives
Capital costs
Strategic risk elements
Value of existing facilities
Annual costs/ present worth 
Design criteria used to size treatment processes

56

Project Implementation Schedule

Ina Roger
Road Road
BNR BNR

Item 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Regional Optimization Master Plan
Arrange Funding
RR to IR Plant Interconnect
      Design
      Construct
Convert Ina Road WPCF to NdeN
      Design
      Approvals
      Advertise/Award
      Construct
      Acceptance/Startup Testing
Convert Roger  Road WWTP to NdeN
      Design
      Approvals
      Advertise/Award
      Construct
       Acceptance/Startup Testing



29

57

Level of Detail for Layouts of 
Treatment Plant Alternatives

Show underground conduits and other 
significant physical constraints on site plans 

Identify capital cost associated with 
reconfiguration of underground conduits and 
other significant physical constraints in 
evaluation of alternatives 

Include requirements and  costs for 
demolition/removal in evaluation of alternatives

58

Example Layout – Roger Road
Bardenpho 20 MGD
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Example Layout – Roger Road
Bardenpho 20 MGD

60

Example Layout - Roger Road
Bardenpho 20 MGD
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Capital Costs

Basis of capital cost estimates for 
process evaluations summarized in the 
Overview of W/W Costs Program 
Capital costs for IF/AS and Membrane 
Process alternatives - media, membranes 
and ancillary equipment not normally 
associated with conventional processes 
based on costs provided by vendors.

62

Strategic Risk Elements

Mission Risk 
Á Will PCWMD be able to delivery without 

interruption, wastewater treatment by 
depending on existing structures to meet 
the department’s overall mission and 
goals? 



32

63

Strategic Risk Elements

Operational Risk 
Á Will PCWMD be able to ensure continuity 

of operations and the safety of those 
operating the facilities? 
Á Functionality
ÁObsolescence
ÁMaintaining treatment while constructing 

upgrades

64

Strategic Risk Elements

Systems Risk 
Á Will PCWMD be able to ensure that all unit 

processes will operate as intended in an 
overall wastewater treatment system? 
Á Information Adequacy
Á Remaining useful life
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Strategic Risk Elements

Physical Risk 
Á Will PCWMD have to deal proactively with 

any risks (unknowns) related to the long 
term utility of existing structures? 
Á Latent Defects
Á Subsurface Risk
Á Time and access for inspections
Á Timing between planning, design and 

construction

66

Strategic Risk Elements

Political Risk 
Á Will PCWMD risk exposing the department 

to bad publicity by not being able to 
delivery the services the elected officials 
and the public expect? 
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Value Of Existing Facilities

Existing facilities to be incorporated into 
the new scheme may have value

However, determining the value of 
existing facilities requires risk adjusted 
pricing techniques to be employed

68

Risk Adjusted Pricing

Utilizes standard utility valuation 
methodology

Recognizes risks associated with use of 
existing assets

Takes into consideration both condition 
and functionality of existing assets
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Pricing Without Risk

If you DO NOT recognize risk associated with 
using existing assets, total cost of additional 
aeration basins would be priced: 

$   20,000 202040Aeration Tank

Total Cost 
New at 

$1,000/MG

Additional 
Capacity 
Needed 

(MG)

Existing 
Capacity 

(MG)

Total 
Capacity 
Needed 

(MG)

Facility

70

Valuation Methodology

Utilizes asset approach to determine 
investment value of existing assets

Investment value recognizes value to a 
specific owner as opposed to the value to 
the marketplace as a whole
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Risks Associated With Existing 
Assets

Condition Risk – Poor condition of assets 
limits their usefulness

Functional Risk – Design, configuration, 
or location may limit their usefulness

72

Determining Risk Adjusted Value

Determine value if new:

$    20,000 20Aeration Tank

Value If New 
at $1,000/MG

Existing 
Capacity 

(MG)
Facility
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Recognize Condition Risk

Assign a condition factor to the asset that approximates its 
remaining useful life based on inspection of the asset
Accuracy and precision of the condition factor affected by 
availability of information about the asset, and scope of the 
inspection performed

10%Poor

40%Marginal

70%Good

90%Excellent

Condition FactorCondition

74

Recognize Functional Risk

Assign a functionality factor to the asset that 
characterizes its functionality and compatibility with 
respect to the rest of the new system.  This factor should 
take into consideration asset’s configuration and location 
as well as asset’s potential for premature obsolescence

25%
Poorly located and/or configured; incompatible 
outdated technology

50%
Marginally located and/or configured; marginally 
compatible; older technology

75%
Properly located and/or configured; compatible; newer 
technology

Functionality 
FactorFunctionality
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Develop Risk Adjusted Value

Apply risk adjustment factors to value of 
asset if new to determine risk adjusted 
value:

$    10,500 75%$   14,000 70%$ 20,000 20
Aeration 

Tank

Risk 
Adjusted 

Value

Functionality 
Factor

Condition 
Adjusted 

Value

Condition 
Factor

Value If 
New

Existing 
Capacity 

(MG)
Facility

76

Develop Risk Adjusted Pricing

Risk adjusted cost of the facility, using existing 
assets, is the cost new, less the risk adjusted 
value of existing assets

$ 29,500 $           10,500 $    40,000 40
Aeration 

Tank

Risk 
Adjusted 

Cost

Risk Adjusted 
Value of Existing 

Assets

Cost New at 
$1,000/MG

Total 
Capacity 

Needed (MG)
Facility
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Annual Costs

Power @ 8.7 cents per kWh

Methanol @ 15 cents per pound 
($1.00 per gallon)

Alum @ $400 per ton (dry basis), 
$1.00 per gallon, liquid basis

78

Present Worth

Present worth 
Á The present worth analysis is based on 

20 years with an 8 percent discount rate 



40

79

Design Criteria Used to Size 
Treatment Processes

Step 1: Use GPS-X model for each plant to determine 
NdeN capacity existing of primary and secondary 
tankage if converted to the process alternative
Á Based on the ratio of the process specific NdeN capacity per 

MG of existing tank volume, computes volume of additional 
tankage required for each flow regime of a specific process 
alternative

Á Primary clarifier area – 1,000 gpsfpd
Á Secondary clarifier area – 600 gpsfpd
Á Rapid sand filter surface loading rate – 3 gpm/sf (equates to 

6 gpm/sf @ peak hydraulic flow conditions)
Á Denitrification filter surface loading rate – 2 gpm/sf (equates 

to 4 gpm/sf @ peak hydraulic flow conditions)

80

Design Criteria Used to Size 
Treatment Processes

Step 2:  Conduct “reasonableness” check 
with Process Team Members, based on: 
Á Comparison of GPS-X model results to 

actual experience

Á Comparison of GPS-X model results to 
experience based hand calculations
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Design Criteria Used to Size 
Treatment Processes

Step 3: Revise treatment process sizes 
based on consensus opinion of Process 
Team Members after Steps 1 and 2

Process System Configuration 
Evaluation &
Second Treatment Process 
(Sensitivity Testing)

Gordon Culp
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Existing Plan Schematic

84

Existing Plan (2030)
PINAL

Robles
Junction

Catalina
PINAL

Robles
Junction

Catalina

INA ROAD WPCF
50.00 MGD

INA ROAD WPCF SERVICE 
AREA
ROGER ROAD WWTP SERVICE 
AREA

SERVICE AREASPIMA

INTERCONNECT
27.67 MGD

RANDOLPH PARK WRF
3.0 MGD

ROGER ROAD WWTP
32.05 MGD
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Transfer Some Schematic

62.72 MGD 59.72 MGD

20.00 MGD

39.72 MGD

22.33 MGD

62.05 MGD

86

Transfer Some (2030)
PINAL

Robles
Junction

Catalina
PINAL

Robles
Junction

Catalina

INA ROAD WPCF
62.05 MGD

INA ROAD WPCF SERVICE 
AREA
ROGER ROAD WWTP SERVICE 
AREA

SERVICE AREASPIMA

INTERCONNECT
39.72 MGD

RANDOLPH PARK WRF
3.0 MGD

ROGER ROAD WWTP
20.00 MGD
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Transfer All Schematic

MGD

62.72 MGD 59.72 MGD 59.72 MGD

22.33 MGD

82.05 MGD

88

Transfer All (2030)
PINAL

Robles
Junction

Catalina
PINAL

Robles
Junction

Catalina

INA ROAD WPCF
82.05 MGD

INA ROAD WPCF SERVICE 
AREA
ROGER ROAD WWTP SERVICE 
AREA

SERVICE AREASPIMA

INTERCONNECT
59.72 MGD

RANDOLPH PARK WRF
3.0 MGD
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System Configuration Evaluation

Layout and evaluate Bardenpho and one other 
treatment approach for each site for the three 
system configuration options including a 
greenfield option at Roger Road WWTP
Prepare cost evaluation matrices, one based on 
Bardenpho and one based on the second 
treatment approach
Prepare non-economic evaluation matrix
Select system configuration

90

System Configuration Cost 
Evaluation

$
$
$

(Depends)
$
$

$
$
$
$

Transfer Some –
Rehab RR

$$Demolish RR

Transfer 
All

Transfer Some –
Greenfield RR

Existing 
PlanCriteria

$$$TOTAL COST
$$$Sludge Transfer to IR
$$$Convey Effluent to Other Points of Reuse
$$(Depends)Convey Effluent Back to RR for Reuse
$$$Expand IR WPCF
$$$Provide NdeN Removal at IR

$$Provide NdeN Removal at RR
$Rehab Roger Road WWTP

$$$Conveyance to RR and IR
$$$Plant Interconnect
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System Evaluation Matrix
Complete System Evaluation Matrix for Non-Economic Factors

Weighted RankingRanking

TOTAL
5System Reliability

3Effects on Financing
3Cost Sharing Potential
4Employee Safety
5Public Acceptability
5Water Reuse
4Env. Impacts
4Flexibility

3Constructability
5Schedule
5Cost

Transfer 
All

Transfer
Some

Existing
Plan

Transfer 
All

Transfer
Some

Existing
Plan

Criteria
Weight

Criteria

Summary Wrap-Up

Andy Richardson
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Summary Wrap-Up

Comments by Group

Closing Remarks



Pima County Wastewater Management Department 
Tucson, Arizona 

Pima County Regional Optimization Master Plan 

Workshop #10 
 
 

  1 
J:\Projects\Pima Co WM\05302-ROMP\06 Gen Studies-Rpts\6.1 Report\App A-Wkshp Summ\mn-Wkshp #10.doc 

Workshop #10 
Technologies Workshop (System Configuration) 

 
1. Workshop #10 – Technologies Workshop (System Configuration) for Pima County Regional 

Optimization Master Plan was held on September 26, 2006.  For the record the agenda is attached.  
The following were in attendance: 

 
PCWMD 
Director 

Michael Gritzuk 
Deputy Directors 

Paul Bennett 
Mike Bunch 
Jackson Jenkins 

Controller 
Jeff Nichols 

PCWMD Staff 
Bob Decker 
Houssam Eljerdi 
Laura Fairbanks 
Dennis Froehlich 
Frank Gall 
Mary Hamilton 
Michael Kostrzewski 
Byron McMillan 
Jeff Prevatt 
Helen Rhudy 
Bill Richardson 
Ron Riska, Project Manager 
John Sherlock 
John Warner 
Ken Weber 
Eric Wieduwilt 

Legal 
Chuck Wesselhoff 
 

PIMA COUNTY PARKS & 
RECREATION 

Rafael Payan, Director, Natural Resources 
Stephen Dean 

PIMA COUNTY 
Deputy County Administrator 
 John Bernal (afternoon only) 
 
TUCSON WATER 
Tucson Water Staff 

Mitch Basefsky 
Melodee Loyer 
Dennis Rule 
Tim Thomure 
Dean Trammel 
Wally Wilson 
Alan Forrest, CH2M Hill 
Ken Thompson, CH2M Hill 

 
PEER GROUP 

Joe Husband, MPI 
Gary Newman, B&C 
Cindy Wallis-Lage, B&V 
 

GREELEY AND HANSEN 
PROJECT TEAM 

Orrie Albertson 
Jerry Bish 
Gordon Culp 
Eric Petersen 
Joe Popeck 
Andy Richardson 
Dave Stensel 
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2. Major topics and goals of the workshop were: 
Â Topics 

− Review previous decisions regarding system configuration options and selected wastewater 
treatment processes 

− Review costs bases for cost development for options and alternatives 
− Examine the wastewater treatment processes considered and recommended 
− Examine conceptual site layouts for each option and process alternative 
− Review the present worth costs of each system configuration option and selected processes   
− Review impacts of Sports Park Complex at Roger Road  
− Discuss and agree on completed cost, process and evaluation matrices 

 
Â Goals 

− Decide system configuration among the options for Roger Road WWTP and Ina Road 
WPCF 

− Decide process for wastewater treatment among selected alternatives at each facility 
 

A set of handouts were provided to each attendee which included presentation slides used during the 
workshop. 
 
Throughout the workshop notes were recorded on a set of “flip-charts”.  Those notes summarize 
questions, comments, and notes to be utilized by the project team while conducting the study.  Those 
flip-chart notes are attached. 

 
3. Mike Gritzuk, Director of the Wastewater Management, welcomed the attendees to Workshop #10 

and invited those attending to spend the day drilling down on the issues and details of the system 
configuration options and the wastewater treatment processes for Roger Road WWTP and Ina Road 
WPCF.  It is time to make decisions on the system configuration and process at each plant to meet 
ADEQ requirements in January. During the workshop Rafael Payan, Director of Pima County Natural 
Resources, will make a presentation on the Sports Park Complex that is planned on the County and 
City owned land along I-10 and around the Roger Road WWTP.  Included in that presentation will be 
summary of the recreational and economic development opportunities that it brings to Pima County, 
the City of Tucson and the region. 

 
As in the other workshops, Tucson Water is welcome to the workshop to participate and contribute.  
In addition, John Bernal, Deputy County Administrator, will join the workshop in the afternoon as the 
discussion moves toward decisions on system configuration and treatment process selection. 

 
4. Andy Richardson defined his role as facilitator with the task of moving the group through the agenda 

and to encourage participation. Pre-workshop materials provided to the attendees for review prior to 
the workshop included: 
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Â Overview of wastewater costs program 
Â Cost estimate methodology 
Â MLE/Bardenpho preliminary designs 

− Roger Road 
− Ina Road 

Â IFAS design 
Â BT/NAS-deN filter with ME+3 and MeOH flow sheet 
Â Cost of condition risk 
Â Process evaluation cost data 
Â Presentation slide materials 

 
Decisions from previous workshops (Workshops #4, #5/6 and # 9) regarding the system configuration  
and wastewater treatment process needed to the meet the ADEQ permit were reviewed. In addition, 
the goals of the workshop to make decisions on the system configuration and wastewater treatment 
process were summarized.  

 
Agenda, groundrules, previous workshop decisions and goals of the workshop were presented and 
covered on pages 1 through 6 of the handout. 

 
5. Gordon Culp reviewed the evaluation methodology for system configuration cost, process sensitivity 

comparisons and system evaluation that are used by the project team.  The evaluation criteria for non 
economic factors and weighting of each criterion was developed with the workshop participants over 
several previous workshops and were applied to the data and information developed for the Pima 
County alternatives and options. The ranking of the criteria and the results will be discussed later in 
the meeting summary.  Attendees were reminded that the system cost and evaluation matrices are 
indicators of the relative strengths and weakness of the each option, and provide a structure for 
discussion of the options.  Judgment must be applied to the resulting rankings of the options. 

 
System configuration and process evaluations were covered on pages 6 and 7 of the handout. 

 
6. Jerry Bish provided an overview of basis of the capital and operating costs used in development of the 

system configuration options and alternative costs.  Construction costs for new systems were 
developed from various sources and applied uniformly across the alternatives and options.  A risk 
adjusted pricing was applied to re-use of existing structures and systems to account for condition and 
functionality within the future system arrangement or scheme. 

 
Based on recent evaluations of the conveyance system it was stated that the interconnect pipeline 
sizing should be based on 2 times average flow to accommodate for diurnal and wet weather flows 
rather than the 1.4 times average flow. Alternatively, flow equalization would need to be provided at 
the Roger Road WWTP to address wet weather. The subsequent presentation of costs will 
demonstrate that the relative costs of the alternative system configuration would not be affected by 
increasing the size of the interconnect pipeline.  The change in pipeline costs is a very small part of 
the present worth costs for the system configuration options. 
 



Pima County Wastewater Management Department 
Tucson, Arizona 

Pima County Regional Optimization Master Plan 

Workshop #10 
 
 
 

4 
J:\Projects\Pima Co WM\05302-ROMP\06 Gen Studies-Rpts\6.1 Report\App A-Wkshp Summ\mn-Wkshp #10.doc 

Gary Newman indicated the existing 8-inch pipeline may be inadequate to convey all the sludge from 
Roger Road WWTP to Ina Road WPCF.  It was pointed out that primary sludge would be collected 
and removed at Roger Road WWTP, and conveyed to Ina Road WPCF through the plant 
interconnect.  The project team will check the capacity of the existing sludge force main to handle 
secondary sludge.  

 
There was a feeling among several attendees that the estimated construction costs of approximately 
$4 to $5/gallon/day for the “greenfield” project at Roger Road may be low.  Some stated that the 
current “rule of thumb” for construction costs may be closer to $8 to $10/gallon/day.  It was pointed 
out that the “greenfield” plant does not include sludge thickening/dewatering and digestion facilities, 
which are major costs of wastewater facilities.  It was further indicated that when costs of the 32 mgd 
“greenfield “ facility at Roger Road are combined with the associated sludge digestion and thickening 
capacity at the Ina Road WPCF that the average cost is $8.50 per gallon per day for construction.    
 
The capital costs used for evaluation are not for use in a capital improvement program, but are for 
comparison of costs related to the wastewater treatment process elements.  Common elements to each 
system configuration were not included in the capital costs and when those elements are included, the 
planning level costs per gallon of capacity will increase further.  Joe Husband observed that applying 
common element costs to each of the systems would bring the percentage of costs for each system 
closer together.  It was suggested that the project team specifically identify the common elements not 
included in the system evaluations. 

 
The costs bases for capital costs were covered on pages 8 through 10 of the handout. 

 
7. Eric Petersen presented why it is important to recognize risk and its related cost when utilizing 

existing facilities for future use. Information inadequacy, latent defects, subsurface unknowns, 
maintenance of existing operations at high performance levels during construction, and other 
factors need to be considered.  Risk consequences fall into three general categories: increased costs, 
schedule delays (possible permit violation and fines), and non-performance issues.  Contractors 
translate unknowns into risk costs to cover their probable costs which inflate construction costs.  
The owner can reduce risk costs by accepting more risk for the unknowns to existing structures, but 
usually will pay a premium for change orders during construction if the unknowns cause additional 
work.  There are some techniques to transfer “manageable” risk through different project delivery 
systems.   

 
There is uncertain cost exposure for contractor and owner from “open-ended” risk.  With structures at 
Roger Road WWTP at 50 years of age, there may “open-ended” risks with the buried assets, as well 
as, risks in modifying or adapting existing structures into new uses. 

 
Condition risk, risk consequences and pricing of risk were covered on pages 11 through 13 of the 
handout. 

 
8. Jerry  Bish covered the bases of the operation and maintenance costs and the risk adjusted costs for 

existing structures utilized in the development of the present worth costs for the options and 
alternatives. Ken Weber indicated that Pima County is paying $2.40 for a gallon of methanol.  Dave 
Stensel indicated that New York City is currently paying about $2.00 a gallon for methanol.  These 
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methanol costs are higher than those used in the cost estimates, which were based on the current cost 
paid by Tampa, Florida, for their wastewater treatment plant. 
 
Risk adjusted costs has two basic components.  One component is for condition of the asset to be re-
used and the other is for functionality of that asset in the final system arrangement. The risk adjusted 
cost represents the costs required to bring the asset up to a condition that will be compatible or 
operationally comparable with new assets incorporated into the process or system. 

 
Risk adjusted pricing, and values for energy, chemicals and labor used for determining present worth 
for system options and alternatives were covered on pages 13 through 15 of the handout. 

 
9. Orrie Albertson presented the information on the system configurations (existing plan, transfer some 

or transfer all) and processes considered with each system configuration option.  The wastewater 
treatment process systems evaluated included Bardenpho, as the base case, and for sensitivity analysis 
the evaluation of MLE + denitrification filters, IFAS, BT/NAS (at 20 mgd for Roger Road WWTP 
only). Different wastewater characteristics are to be used for Roger Road WWTP than Ina Road 
WPCF.  The project team is to review that it is was consistent in the application of wastewater 
characteristics.  Under all alternatives biosolids treatment and processing are centralized and 
undertaken at the Ina Road WPCF. 
 
It was reported that the new BNRAS system which is in start-up at Ina Road was performing well.  
Effluent TKN values are 6.3 mg/L at a flow of 12.5 mgd.  Dennis Froehlich indicated that the primary 
TKN is averaging 27 to 28 mg/L, a value lower than the assumed concentration in the process 
evaluations.  In that regard Cindy Wallis-Lage asked if the historical TKN values had been reviewed.  
The response was that the historical information had been reviewed and was similar to the special 
testing program undertaken recently.  For additional historical laboratory information, Joe Husband 
indicated that the Ina Road WPCF Effluent Denitrification Study, August 2004, had 3 months of 
information regarding influent COD and BOD for use in the process evaluation. 
 
Eric Weiduwilt asked how does different wastewater characteristics impact the system sizing and 
development and does it impact them equally.  Cindy Wallis-Lage indicated that the aeration systems 
would be impacted the same, but that there may be some other impacts to the MLE + deN filters.  Joe 
Husband saw a possible change in phasing of construction, but not necessarily on the system design. 
Both agreed that the sizing of the second anoxic zone would be impacted by the amount of TKN in 
the influent. Dennis Froehlich indicated that the handling of future flow and concentrations at 65 gcpd 
or 85 gcpd have implications on the design.  Joe Popeck stated the values used are for planning 
purposes.  While it will be valuable to discuss this further in the design phase, the results of the 
system configuration options evaluation will demonstrate that this is not a significant factor when 
comparing system configurations. 

 
10. For the IFAS design a SRT of 3.5 days was used in the development of the system. The manufacture 

of the Kaldnes media recommends a SRT of 3.26 days.  Denny Parker, although not present at the 
workshop indicated in a correspondence that an aggressive SRTs of 2 to 3 days should be evaluated in 
a pilot test. Those SRT values are well below the manufacture’s recommendation.  Another approach 
is to pre-bid a process with a manufacture, like Kaldnes, and negotiate a performance criteria.  Cindy 
Wallis-Lage thought the original purpose for considering IFAS was to maximize the usage of existing 
tankage at Roger Road WWTP and believes that IFAS would be viable at Roger Road WWTP in the 
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existing tankage providing a capacity of 20 mgd plus or minus.  If the flows at Roger Road WWTP 
are 32 mgd, then IFAS would probably not be cost effective. 

 
11. For the MLE + deN filters process Frank Gall asked why the clarifiers are similar in size to the IFAS.  

The reason is that both systems have MLSS that needs to be separated from the treated wastewater.  
Mike Kostrzewski asked if the biogas will be produced at Ina Road only.  The answer is yes, but until 
there is a need for Pima County to move to a Class A biosolids, biosolids would continue to be 
digested at the Roger and Ina Road facilities.  Cindy Wallis-Lage suggested that there appears to be 
an inconsistency in the pre-workshop write-up on MLE and Bardenpho page 16, Table 8.  The project 
team will review the write-up for consistency.   Gary Newman asked if the rectangular primary tanks 
at Roger Road WWTP were to be used in the future.  The answer is no for primary clarifer service, 
but would continue to be used for overflow service at the plant. 

 
Wastewater processes were covered on pages 15 through 21 of the handout. 

 
12. Joe Popeck presented the site layouts and costs for the different system configuration options and 

process alternatives.  System configurations included a “greenfield” facility at Roger Road for 20 and 
32 mgd along with the rehabilitation and expansion of the existing facilities. Further the “greenfield” 
alternatives were looked at with circular and rectangular (for space saving purposes) clarifiers.  The 
“greenfield” site was arbitrarily shown on the north side of the County property.  The system 
configuration costs of the options indicate the least costly option to be the 32 mgd at Roger Road 
WTTP and 50 MGD at Ina Road WPCF.   

 
The amount of redundancy to be provided at a “greenfield” plant at Roger Road WWTP was raised as 
a concern.  The concept to date has been to provide limited redundancy at the “greenfield” plant and 
rely on the plant interconnect to transfer flow to Ina Road WPCF during emergencies.  Tucson Water 
indicated that if there were outages due to lack of redundancy at Roger Road that the pipeline for 
reclaimed water would need to be made larger to meet the demands for a reliable supply of reclaimed 
water at Roger Road.  Joe Husband suggested providing more parallel unit processes at the 
“greenfield” facility to mitigate the effects of any unit out of operation would be prudent.   

 
John Warner suggested instead of placing a new plant in the middle of a park that it be moved 
immediately south of the existing plant at Roger Road.  Paul Bennett indicated that there is a 
“greenspace” in front of the existing Roger Road plant on City and County property that is available 
to site a new facility.  Melodee Loyer indicated that Tucson Water needs the pump station and 
reservoir to remain in service at Roger Road for the reclaimed water operations.  Also, a question why 
10 acres is needed by Tucson Water at Ina Road WPCF, if Class A+ water is discharged from the Ina 
Road WPCF.  The response was that the area is needed at Ina Road WPCF for a reservoir and pump 
station system to serve the reclaimed water system.  
 
Dennis Froehlich asked why the cost of rectangular clarifiers was more expensive than circular tanks.  
Although common wall construction reduces space and construction costs, rectangular tank 
equipment and maintenance and operations expenses are more than circular tanks. The circular versus 
rectangular tanks is a debatable issue even amongst the project process team. Joe Husband asked 
about the sizing of filters.  In response denitrification filters were sized on 2 gpm at average flows and 
4 gpm at maximum flows, and rapid sand filters were sized at 3 gpm at average flows and 6 gpm at 
maximum flows.  Joe Husband cautioned that phosphorus in the recycle flows at Ina Road WPCF 
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will need to be carefully addressed and that cost of chemicals to remove phosphorus from those flows 
need to be considered. Gary Newman observed that O&M costs were close for all options. 
 
Site layouts for the system configuations and associated costs for capital, annual and present worth 
were coverd on pages 21 through 31of the handout. 

 
13. Rafael Payan presented the current opportunity that the County and City has to provide the 

community with extraordinary multi-faceted recreational and ecological facilities for use by the 
region.  The plan includes the construction of tournament grade facilities for amateur soccer, softball 
and baseball along I-10 at the site of the Roger Road WWTP and the restoration of riparian habitat 
along the Santa Cruz River.  Walking and biking trails, picnicking areas and other features would 
connect Columbus Park to the new recreational areas and the surrounding communities.  In addition, 
the plan offers a connection to the Silver Bell golf course to make one large public space for 
community use.  The Transportation Department has targeted the intersection of Camino del Cerro 
and I-10 for improvement to increase access to the park site. 

 
The new recreational facilities would have the capacity to attract out-of-region events that in turn 
would support economic development to the area, including a hotel and restaurant facilities to serve 
the events.  The recreational facilities would include: 12 baseball fields, 18 soccer fields and 12 
softball fields. 
 
The University of Arizona is undertaking of the economic benefit analysis and their agriculture 
department is looking at the turf issues for the playing field.  The site would be a world class park 
with approximately 375 acres that stretches along the main access corridor to the City of Tucson to 
further enhance one of the most livable cities in the U.S. 
 
Dennis Froehlich commented that the recreational fields would become an additional reclaimed water 
customer and offered that the Randolph Park Water Reclamation Facility is an example of a good 
neighbor plant that does not smell. 
 
Mike Gritzuk stated that the new “greenfield” wastewater treatment facility could be located on City 
or County owned land, and further commented that the existing Roger Road WWTP would not work 
as well into the park plan.  The next steps for the PCWMD are to finalize the plan on the preferred 
option and treatment process, submit the plan to the Board of Supervisor for approval, and transmit 
the plan in a letter to ADEQ.  The ADEQ letter does not specifically require a location of the 
treatment facilities at Roger Road which could give the park planners some more time to coordinate 
the location of facilities. 

 
14. Gordon Culp presented the system configuration cost evaluation, process evaluation and system 

evaluation with the results of project team evaluation.  The value of each criterion for each system 
configuration option was reviewed with the workshop attendees.  After discussion by the group, 
adjustments were made in the criteria.  The revised system evaluation matrix is provided below.  
Changes from the project team values are noted by shading. 
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Weighting RR=32 RR=20 RR=0 RRGF=32 RRGF=20 RR=32 RR=20 RR=0 RRGF=32 RRGF=20
Factor IR=50 IR=62 IR=82 IR=50 IR=62 IR=50 IR=62 IR=82 IR=50 IR=60

Cost 5 5 4 2 4 3 25 20 10 20 15

Schedule 5 3 3 5 5 5 15 15 25 25 25

Constructability 3 2 2 4 5 4 6 6 12 15 12

Flexibility 4 3 3 5 5 5 12 12 20 20 20

System Reliability 4 4 4 5 5 5 16 16 20 20 20

System Operability 4 3 3 4 4 4 12 12 16 16 16

Environmental 
Impacts 4 3 3 4 4 4 12 12 16 16 16

Water/Wastewater 
System 
Optimization

5 5 4 3 5 4 25 20 15 25 20

Public Acceptance 5 1 2 2 3 2 5 10 10 15 10

Potential for Cost 
Sharing 3 5 4 3 5 4 15 12 9 15 12

Effects on 
Financing 3 5 4 2 4 3 15 12 6 12 9

TOTAL 39 36 39 49 43 158 147 159 199 175

Criteria

 
 

Mary Hamilton suggested the title of the criterion for Water/Wastewater System Optimization be 
retitled to reflect the criterion definition. 
 
Paul Bennett suggested that the value of costs needed to be increased from 5 to 10 to test cost 
sensitivity.  If the cost criteria weighting was changed from 5 to 10, the ranking of alternatives would 
not change except for rehabilitating Roger Road WWTP at 32 mgd moves from 4th to 3rd in ranking 
(see table below). 
 

Cost 
RR = 32 
IR = 50 
$431M 

RR = 20 
IR = 62 
$464M 

RR = 0 
IR = 82 
$514M 

RRGF = 32 
IR = 50 
$457M 

RRGF = 20
IR = 62 
$480M 

WT 5 Ranking 158 147 159 199 175 
WT 10 Ranking 183 167 169 219 190 

 
The evaluation matrices were covered on pages 32 through 37 of the handout. 
 

15. The system configuration evaluation matrix indicates that the option to treat 32 mgd at Roger Road 
WWTP and 50 mgd at Ina Road WPCF is the preferred arrangement.  In addition, there are clear 
indications in the evaluation matrix that a “greenfield” facility at Roger Road is preferred over 
rehabilitation and upgrades to the existing facilities.  The “greenfield” facility eliminates the 
rehabilitation and sequencing of construction challenges within an existing operational facility.  The 
“greenfield” also would work best within a Sports Park Complex. 

 
It was noted that the new aeration tanks for the Ina Road facility were located next to the property line 
and do not meet setback requirements.  Joe Popeck indicated that the aeration tanks located along the 
property line could be moved to achieve the 350-foot setback requirements.  In addition, Roger Road 
could probably be located south of the existing plant provided setbacks can be met. 
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Cindy Wallis-Lage indicated although that the ratings would not change, but asked at what cost 
differential would the “greenfield” plant become less attractive than the costs to rehabilitate and 
upgrade the existing Roger Road WWTP.  It was agreed to review the construction cost difference 
between the “greenfield” and rehabilitation and upgrade at Roger Road WWTP, and make an 
assessment of the differential in costs to confirm the system arrangement at Roger Road. 

 
16. Dennis Rule indicated that the recommended system configuration is consistent with the goals of 

Tucson Water, Pima County, and is consistent with the Sports Park Complex and that he could 
support the results.  The peer group each agreed with the recommendation.  Gary Newman opined 
that he hated to “jack hammer” existing infrastructure, but could accept the results. 

 
Ron Riska expressed concern over the estimated construction costs.  John Bernal had thought the 
treatment facilities would be centralized at one location, which would allow addressing the land area 
between the plants for other uses.  With this not being the case, it is important that the key points be 
developed to educate the public.  Key points are: 
 
Â Frees up property for economic development 
Â Eliminates cost/schedule risk associated with rehabilitation of the Roger Road WWTP 
Â System more flexible, reliable, operable 
Â Better integration with reclaimed water 
Â Least risk for regulatory non-compliance 
Â Keeps eco-system in Santa Cruz River 

 
The recommended system configuration option was covered on page 38 of the handout. 

 
17. For the process decision, Jeff Nichols indicated that the “end-users” should weigh in on their choice 

for process.  The operations staff and the peer group were individually polled on the process choice.  
The operations staff and the peer group agreed that Bardenpho is the right answer.  Several 
commented that Bardenpho eliminates or minimizes the need to utilize methanol in the process, as 
well as, eliminating the need to add alum or other coagulants to remove phosphorus in the future. 

 
18. Mike Gritzuk indicated additional work was required to develop the economic plan for financing and 

determining the project delivery methods for the plan, and considering the regulatory deadlines it was 
fortunate that a system configuration and treatment process were selected during Workshop # 10.  
The meeting closed with a reference to the next workshop on October 11, 2006 on conveyance and 
flow management. 
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Agenda 
Workshop #10 – Technologies Workshop (System Configuration) 

September 26, 2006 
Time Topic Presenter 

7:45 am Continental Breakfast – The Historic Manning House, 450 W. Paseo Redondo 
8:00 am Opening Session 

• Welcoming Remarks Mike Gritzuk 
• Review Agenda Andy Richardson 
• Previous Process Decisions  
• Workshop Goals 
• Evaluation Process Review Gordon Culp 

8:35 am Cost Basis Jerry Bish 
• Capital Cost 
• Condition Risk Eric Petersen 
• Risk Adjusted Cost Evaluations 
• O&M Costs 
• Present Worth Cost 

9:20 am Processes Orrie Albertson 
• System Configuration 
• Biosolids and Bio Gas 
• Bardenpho 
• Sensitivity Evaluation 

9:45 am Break 
10:00 am Site Layouts and Costs Joe Popeck 

• Bardenpho 32/50 
• Bardenpho 20/62 
• Bardenpho 0/82 

10:30 am Sports Park Rafael Payan/Andy Richardson 
11:00 am Site Layouts and Costs, continued Joe Popeck 

• Bardenpho 32/50 (Green Field at Roger Road) 
• Bardenpho 20/62 (Green Field at Roger Road) 
• IF/AS 32/50 
• MLE + deN Filters 32/50 
• BT/NAS 20/62 

12:30 pm Lunch 
1:00 pm Evaluation Matrices Gordon Culp 
3:00 pm Break 
3:15 pm System Configuration Recommendation Andy Richardson 
3:30 pm Process Recommendation Andy Richardson 
3:45 pm Next Steps Andy Richardson 
4:00: pm Summary Wrap-Up Andy Richardson 

• Comments by Group 
• Closing Remarks Mike Gritzuk 

4:15 pm Adjourn 
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Flip Chart Notes – September 26, 2006 
 
Overview 
Â P removal criteria is included in the process 
Â Wastewater characteristics are different for Roger Road than Ina Road 

 
Cost Estimate 
Â Cost number appears low – $4/gal/day 
Â Comparative cost elements – some elements not included 
Â What elements not included? 
Â Concern on demand costs 

 
Cost Overview 
Â How much will plants be automated - not addressed in detail at this level of planning 
Â All costs numbers include “soft costs” 
Â Need to consider sludge transfer costs 
Â Easement costs are not included in conveyance costs 

 
Risks 
Â Operation during construction meeting permit concerns 
Â Question on how factors (risk adjusted pricing) applies; provide an example in supplemental 

information 
Â Are MOPO costs included?  No 

 
Site Layout 
Â Over estimated rehabilitation and under estimated “greenfield” costs 

 
Process 
Â Has COD data been reviewed?  Yes 
Â Pilot plant data for effluent denitrification is available 

 
Site Layouts 
Â Chances of setback varying are slim; may want to consider being within setbacks 
Â List assumptions on cost on what is included and is not included 

 
Evaluation Matrix Discussion 
Â What happens if weighting for costs were changed from 5 to 10: 

Cost 
RR = 32 
IR = 50 
$431M 

RR = 20 
IR = 62 
$464M 

RR = 0 
IR = 82 
$514M 

RRGF = 32 
IR = 50 
$457M 

RRGF = 20
IR = 62 
$480M 

WT 5 Ranking 158 147 159 199 175 
WT 10 Ranking 183 167 169 219 190 
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Pima County
Regional Optimization

Master Plan

Workshop #10
Technologies Workshop
(System Configuration)

September 26, 2006

2

Workshop Presenters
Mike Gritzuk Welcome/Closing
Andy Richardson Facilitator/Previous WS Decisions
Jerry Bish Cost Basis
Orrie Albertson Processes
Joe Popeck Site Layouts and Costs
Rafael Payan Sports Park Update
Gordon Culp Cost Matrix/Evaluation Matrix
Andy Richardson System/Process 

Recommendation/Next Steps/Wrap-Up
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Welcoming Remarks

Mike Gritzuk

Overview

Andy Richardson
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Agenda
Workshop Goals
Previous Workshop Decisions
Cost Basis
Processes
Site Layouts and Costs
Sports Park Update
Cost and Evaluation Matrices
System Configuration Recommendation
Process Recommendation
Next Steps
Summary Wrap-Up

6

Groundrules

Success is the responsibility of all
Everyone shares the responsibility for success
Everyone must participate fully to the extent of 
their expertise
We agree to speak up honestly and with candor
Disagreements are with opinions or issues, and 
have basis in fact, not with personalities
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Groundrules (continued)

Listen attentively and respectfully to others
Participate conscientiously and read material 
prior to workshops
Understanding is our objective, but consensus 
is not required
Adhere to these groundrules and hold each 
other accountable

8

Role of Facilitator

Remain neutral and objective
Expedite adherence to agenda and 
schedule
Ensure an equal opportunity to be heard
Keep group focused on discussion as 
planned, place items in “parking lot”
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Role of Facilitator (continued)

Remind all of groundrules
Negotiate changes in agenda, schedule, 
or procedure
Manage discussion, sequence speakers, 
and exercise leadership

10

Study Process

Workshop Description
1 Study Initiation and Kick-Off
2 Reuse/Flow Transfer Workshop
3 Stakeholder and Regulatory Requirements
4 First Brainstorming Workshop …
5 Ina Road WPCF Facility 
6 Roger Road WWTP Facility 
7 Biosolids Workshop 
8 Plant Interconnect/Conveyance System 
9 Second Brainstorming Workshop …
Strategic Decisions (Select Existing Plan, Transfer 
Some, or Transfer All)
10 Technologies Workshop
11 Evaluation of Treatment Plant
12 Conveyance … Flow Management Plan
13 Recommended Outlying Area Plan
Detailed Decisions
14 First Draft of Report Study
15 CIP Phasing and Cost Schedules
Implementation Plan
16 Implementation Plan/Final Report
Final Plan

#1 #2 #3 #4 #5 #6 #7 #8 #9

#10 #11 #12 #13

#14 #15

#16

Strategic Decisions

Implementation Plan

Final Plan

Detailed Decisions
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Previous Workshop Decisions

Workshop #4 – June 5, 2006
Á Agreed on viable process alternatives
Á Agreed on matrix evaluation criteria
Á Agreed on matrix evaluation criteria weighting
Á Agreed to continue evaluating Bardenpho, MLE 

and IFAS and MBR
Á Agreed that P removal was a process criteria
Á Agreed to drop AS/NTF, BT/NAS, Step NdeN, 

Biostyr/Biofor and MBBR from further 
consideration

12

Treatment Process Selection

8 Treatment Processes Considered 

5 Treatment Processes Evaluated

Treatment Process to be Used in
Comparing System Alternatives

Compare System Alternatives

Select System Alternative

Finalize Treatment Process 
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Previous Workshop Decisions

Workshop #5/6 – July 12, 2006
Á Processes with nitrification only were eliminated

Á Agreed to further evaluation Bardenpho for 
system configuration options

Á Agreed to consider other processes with 
denitrification for sensitivity testing

14

Previous Workshop Decisions

Workshop #9 – August 8/9, 2006
Á Reaffirm P removal as a process criteria

Á Agreed on system evaluation matrix

Á Agreed no time available for pilot testing

Á Reaffirm Bardenpho for system configuration 
options
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Previous Workshop Decisions

Workshop #9 – August 8/9, 2006 (continued)

Á Agreed on the flows for the system configuration 
options
Á Agreed upon 32/50, 20/62 & 0/82
Á Discarded 37.5/44.5,50/32 & 60/22

Á Agreed on WW characteristics for each plant
Á Agreed on MLE + deN filters, IFAS and Biotowers 

at RR (20 MGD only) for process sensitivity testing

16

Workshop Goals

Agree on system configuration
Á Existing Plan
Á Transfer Some
Á Transfer All

Within system configuration
Á Rehab existing RR WWTP
Á Green Field RR WWTP

Agree on process for NdeN
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System Configuration Evaluation 
and Process Evaluation

Gordon Culp

18

System Configuration 
Evaluation

Layout and evaluate Bardenpho for each site 
for the three system configuration options 
including a greenfield option at Roger Road 
WWTP
Prepare cost evaluation matrix comparing 
Bardenpho, IFAS, MLE +deN Filters and 
BT/NAS 
Prepare non-economic evaluation matrix
Select system configuration
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System Configuration Cost 
Evaluation

RR=32 mgd RR=20 mgd RR=0 mgd RRGF=32 mgd RRGF=20 mgd
IR=50 mgd IR=62 mgd IR=82 mgd IR=50 mgd IR=62 mgd

Capital Cost
Plant interconnect
RR Demolition and Removal
Roger Road treatment plant
Ina Road Treatment Plant
Reclaimed water return 
Tucson Water Booster PS
Tucson Water Reservoir
Total Capital Cost $0 $0 $0 $0 $0

Annual O&M Cost
Labor
Methanol
Polymer-sludge thicken/dewater
Alum for P removal
Power-treatment
Power-rec. water return + booster PS
Interconnect line maint.
Total annual cost
Present W orth of Annual Costs

Total Present Worth Cost $0 $0 $0 $0 $0

COST MATRIX
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Process Evaluation

P R O C E S S
F L O W   
R R / I R

P R E S E N T  
W O R T H C A P IT A L

B A R D E N P H O 3 2 / 5 0

I F A S  @  R R  &  IR 3 2 / 5 0

M L E + d e N F IL T E R S @
R R  &  IR 3 2 / 5 0

B A R D E N P H O /G R E E N F
IE L D - R R 3 2 / 5 0

B A R D E N P H O 2 0 / 6 2

B T /N A S R R +
B A R D E N P H O  IR 2 0 / 6 2

B A R D E N P H O /G R E E N F
IE L D - R R 2 0 / 6 2

P R O C E S S  S E N S IT IV IT Y  C O M P A R IS O N S
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System Evaluation Matrix
Weighting RR=32 RR=20 RR=0 RRGF=32 RRGF=20 RR=32 RR=20 RR=0 RRGF=32 RRGF=20
Factor IR=50 IR=62 IR=82 IR=50 IR=62 IR=50 IR=62 IR=82 IR=50 IR=60

Cost 5

Schedule 5

Constructability 3

Flexibility 4

System Reliability 4

System Operability 4

Environmental 
Impacts 4

Water/Wastewater 
System 
Optimization

5

Public Acceptance 5

Potential for Cost 
Sharing 3

Effects on 
Financing 3

TOTAL

Unweighted Ranking Weighted Ranking

Criteria

Cost Basis Overview

Jerry Bish
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Cost Basis Overview

Capital costs

Cost of condition risk 

Risk adjusted pricing

O&M costs

Present worth costs

24

Capital Costs

Summary of bases in cost estimate 
memorandum
Á W W cost model
Á Quantity takeoffs/contractor bids
Á RS means
Á Vendor quotes
Á Other
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Capital Costs
Demolition and removal costs
Á RS Means for various elements (concrete, steel, etc.)

New influent screening facility – WW cost model
Á $60K per MGD 

New grit facilities – WW cost model
Á $50K per MGD

Odor control – quantity takeoffs/contractor bids
Á $200 per sq. ft. for building enclosures 
Á $75 per sq. ft. of alum covers
Á $50 per cfm for scrubbers

26

Capital Costs
Aeration tanks – WW cost model
Á Cost = $14.00 per cu. ft. of required aeration volume

Primary and secondary clarifiers – quantity 
takeoffs/contractor bids
Á Cost = $ 350.00 per sq. ft. of required area

Denitrification filters - quantity 
takeoffs/contractor bids
Á Filter Cost = $3000 per sq. ft. of required area

Rapid sand filters – WW cost model
Á Cost = $2300 per sq. ft. of required area



14

27

Capital Costs
In plant pump stations – WW cost model
Á $60K per MGD

UV disinfection facilities – based on UV disinfection 
costs developed for MWRDGC UAA analysis
Á $60 K per MGD

Sludge thickening & dewatering – quantity 
takeoffs/contractor bids
Á Site specific

Sludge digestion – quantity takeoffs/contractor bids
Á $35,400,000

28

Capital Costs

IFAS media 
Á Cost = $20 per cu. ft. of required volume



15

29

Capital Costs

Plant interconnect 
Á 60 feet of available head

Á Distance = 5 miles

Á $11 per inch foot, gravity flow

Á Peak flow factor = 1.4 x average Q

30

Capital Costs

Reclaimed water return line and PS
Á Pipeline velocity = 5 fps
Á $11 per inch foot
Á 37-MGD flow to be available at RR
Á 85% pump efficiency
Á Pump station cost from WW cost model
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Condition Risk

Information adequacy
Á Drawings, plans and specifications

Remaining useful life
Á Estimates of various remaining useful lives

Functionality

32

Condition Risk (continued)

Latent defects
Á Design defects
Á Construction defects

Subsurface risks
Á Buried infrastructure
Á Operating tankage

Obsolescence
Á Equipment, structures or processes
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Condition Risk (continued)

Time and access for inspections
Timing
Á Asset condition deterioration
Á Capital maintenance following asset evaluation

Maintaining treatment while 
constructing upgrades
Á Construction sequencing plans

34

Risk Consequences

Three general risk consequences
Á Increased cost
Á Schedule delays
Á Non-performance issues

Example
Á The “Big Dig” highway rebuild in 

Boston
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Risk Assumption Under Various 
Delivery Methods

Traditional “Bid-Build”
Á Owner retains condition risks

Construction Manager at Risk
Á Owner retains condition risks

36

Risk Assumption Under Various 
Delivery Methods (continued)

D/B and D/B/O
Á Large construction or operating firms may 

accept some condition risk

Á Senior management analysis of condition 
risk

Á Hedging the assumption of risk
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Pricing of Condition Risk

Manageable risk

Above-ground assets v. buried 
infrastructure

Uncertain cost exposure from 
open-ended risk

38

Risk Adjusted Pricing

Utilizes standard utility valuation 
methodology

Recognizes risks associated with use  
of existing assets

Takes into consideration both condition 
and functionality of existing assets
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Risks Associated with Existing 
Assets

Condition Risk – Poor condition of 
assets limits their usefulness

Functional Risk – Design, configuration, 
or location may limit their usefulness

40

Recognize Condition Risk

Assign a condition factor to 
asset that approximates its 
remaining useful life based on 
inspection of asset

Accuracy and precision of 
condition factor affected by 
availability of information 
about the asset, and scope of 
inspection performed

10%Poor
40%Marginal
70%Good
90%Excellent

Condition 
FactorCondition
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Recognize Functional Risk
Assign a functionality factor to an asset that 
characterizes its functionality and compatibility with 
respect to the rest of the new system.  This factor takes 
into consideration asset’s configuration and location as 
well as asset’s potential for premature obsolescence

25%Poorly located and/or configured; incompatible outdated technology

50%Marginally located and/or configured; marginally compatible; older 
technology

75%Properly located and/or configured; compatible; newer technology

Functionality 
FactorFunctionality

42

O&M Costs

Power Cost @ 8.7 cents per kWh
Methanol @ $1.00 per gallon
Alum @ $1.00 per gallon
Polymer @ $2.00 per pound
Labor @ $35.00 per hour
(2080 hrs per year per person)
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Present Worth

Present worth 
Á Present worth analysis is based on 20 

years with an 8 percent discount rate 

Processes

Orrie Albertson
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Processes

System configuration

Biosolids and bio gas

Bardenpho 

Sensitivity analysis

46

System Configuration

Existing Plan

Transfer Some

Transfer All
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Existing Plan Schematic

48

Existing Plan (2030)
PINAL

Robles
Junction

Catalina
PINAL

Robles
Junction

Catalina

INA ROAD WPCF
50.00 MGD

INA ROAD WPCF SERVICE 
AREA
ROGER ROAD WWTP SERVICE 
AREA

SERVICE AREASPIMA

INTERCONNECT
27.67 MGD

RANDOLPH PARK WRF
3.0 MGD

ROGER ROAD WWTP
32.05 MGD
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Transfer Some Schematic

62.72 MGD 59.72 MGD

20.00 MGD

39.72 MGD

22.33 MGD

62.05 MGD

50

Transfer Some (2030)
PINAL

Robles
Junction

Catalina
PINAL

Robles
Junction

Catalina

INA ROAD WPCF
62.05 MGD

INA ROAD WPCF SERVICE 
AREA
ROGER ROAD WWTP SERVICE 
AREA

SERVICE AREASPIMA

INTERCONNECT
39.72 MGD

RANDOLPH PARK WRF
3.0 MGD

ROGER ROAD WWTP
20.00 MGD
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Transfer All Schematic

MGD

62.72 MGD 59.72 MGD 59.72 MGD

22.33 MGD

82.05 MGD

52

Transfer All (2030)
PINAL

Robles
Junction

Catalina
PINAL

Robles
Junction

Catalina

INA ROAD WPCF
82.05 MGD

INA ROAD WPCF SERVICE 
AREA
ROGER ROAD WWTP SERVICE 
AREA

SERVICE AREASPIMA

INTERCONNECT
59.72 MGD

RANDOLPH PARK WRF
3.0 MGD
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Process Evaluations/
Sensitivity Testing

Process evaluations
Á Bardenpho

Sensitivity testing
Á MLE + deN Filters
Á IF/AS
Á BT/NAS (20 MGD @ RR)

54

AN = Anaerobic
AX = Anoxic
OX = Oxic
FC = Final Clarifier
DNF = Denit Filter
RSF = Rapid Sand Filter

5-Stage Bardenpho

Bardenpho Nitrification-
Denitrification (NdeN)

RSFAX AXOX OX

WAS

Inf AN

IR ≤ 400%

Eff

RAS

FC
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OX OX

AN = Anaerobic
AX = Anoxic
OX = Oxic
FC = Final Clarifier
DNF = Denit Filter
RSF = Rapid Sand Filter

MLE + deN Filters

MLE Nitrification + 
Denitrification Filters

DNFInf AN Eff

WASRAS

Methanol
IR ≤ 400%

FC

56

AX OXOX

AN = Anaerobic
AX = Anoxic
OX = Oxic
FC = Final Clarifier
DNF = Denit Filter
RSF = Rapid Sand Filter

IFAS

IFAS Nitrification-Denitrification - NdeN

EffRSFInf AN AX

IR ≤ 400%

WAS

SCREEN

FC



29

57

BT/NAS

AX OXOXAX RSF

RAS

Me OH

WAS

INF

BIO TOWER

2 Q

0.7Q
0.7Q

0.3 Q

AN = A
AX = Anoxic
OX = Oxic
FC = Final Clarifier
DNF = Denit Filter
RSF = Rapid Sand Filter

FC

58

BT/NAS

AX OXAXOXOXOX RSF

RAS

ACETATE

WAS

INF

BIO TOWER

AN = A
AX = Anoxic
OX = Oxic
FC = Final Clarifier
DNF = Denit Filter
RSF = Rapid Sand Filter

FC
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Biosolids and Bio Gas

For all process alternative evaluations:
Á For each System Configuration Alternative, it was 

assumed that sludge would be thickened at the 
respective WWTP

Á All biosolids were assumed to be digested and 
dewatered at Ina Road

Á Thermo/Meso Anaerobic Digestion was assumed

60

Biosolids and Bio Gas

Bio Gas utilization studies currently 
underway:
Á Current sludge gas utilization is the base 

line condition
Á Investigating
Á Evaluation of Bio-Gas (BG) usage potential and 

power supply facilities
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Biosolids and Bio Gas

Evaluation of Bio-Gas (BG) usage potential 
and power supply facilities

1. Introduction
2. Summary
3. Bio-gas Quantities, Quality and Energy Potential
4. End Uses of Energy
5. Bio-gas Conversion Alternatives 
6. Alternatives Selection and Economic Analysis
7. Alternatives Evaluation and Ranking
8. Conclusions and Recommendations

Site Layouts and Costs

Joe Popeck
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Roger Road
Site Layout 32 MGD- Demo

64

Roger Road
Site Layout – Bardenpho 32 MGD
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Ina Road
Site Layout – Bardenpho 50 MGD

66

Capital Costs – $1000’s

$0$4,000Demolition and Removal Costs

$167,500$85,540Total Treatment Plant Capital Costs
$35,400$0Sludge Digestion Facilities
$20,700$2,600Sludge Thickening & Dewatering Facilities

$0$0Chemical Feed Systems
$3,000$1,920UV Disinfection
$26,800$17,200Filters
$3,000$1,920Pump Station to Filters/UV Disinfection
$10,000$8,500Final Clarifiers
$43,500$27,900Aeration Tanks
$7,800$5,500Primary Clarifiers
$17,300$16,000Odor Control

$0$0New Influent Grit Facility
$0$0New Influent Screening Facility

50-MGD IR WPCF32-MGD Existing RR WWTP5 Stage Bardenpho
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Capital Costs – $1000’s

$253,040Total RR and IR Plant Capital 
Costs

$287,100Total Other Capital Costs

$810TW Booster PS

$270Reclaimed Water Return Line & 
PS to RR

$11,000TW Reservoir

$22,000Plant Interconnect

32-MGD Existing RR WWTP
and 50-MGD IR WPCF Capital Costs

68

Annual Costs – 1000’s

-$144,200,000Present Worth of Annual Costs
-$14,685Combined Total Annual Cost

$8,833$5,853Total Annual Cost
$0$10Interconnect pipeline maintenance

$395$0Power-Rec. water+ booster PS
$3,738$2,313Power-Treatment

$0$0Alum for P removal
$700$30Polymer-sludge thicken/dewater
$0$0Methanol

$4,000$3,500Labor

50-MGD
IR WPCF

32-MGD
Existing RR WWTPAnnual O&M Cost
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Total Present Worth of Existing
RR 32 MGD and IR 50 MGD – $1000’s

$431,300Total Present Worth

$144,200Present Worth of Annual Costs

$287,100Capital Cost

CostItem

70

Roger Road
Site Layout 20 MGD – Demo
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Roger Road
Site Layout – Bardenpho 20 MGD

72

Ina Road
Site Layout – Bardenpho 62 MGD
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Total Present Worth of Existing
RR 20 MGD and IR 62 MGD – $1000’s

$463,800Total Present Worth

$145,200Present Worth of Annual Costs

$318,600Capital Cost

CostItem

74

Roger Road
Plant  Demolition – All Flow to IR
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Ina Road 
Site Layout – Bardenpho 82 MGD

76

Total Present Worth of RR 0 MGD 
and IR 82 MGD – $1000’s

$513,700Total Present Worth

$139,100Present Worth of Annual Costs

$374,600Capital Cost

CostItem
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Sports Park Update

Rafael Payan / Andy Richardson

78

Roger Road – Green Field Site Layout 
32 MGD-Option 1
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Total Present Worth of Green Field RR 32 
MGD (Option 1) and IR 50 MGD – $1000’s

$457,100Total Present Worth

$137,300Present Worth of Annual Costs

$319,800Capital Cost

CostItem

80

Roger Road – Green Field Site Layout 
32 MGD-Option 2
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Total Present Worth of Green Field RR 32 
MGD (Option 2) and IR 50 MGD – $1000’s

$466,100Total Present Worth

$137,300Present Worth of Annual Costs

$328,800Capital Cost

CostItem

82

Roger Road – Green Field Site Layout 
20 MGD-Option 1
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Total Present Worth of Green Field RR 20 
MGD (Option 1) and IR 62 MGD – $1000’s

$480,300Total Present Worth

$140,300Present Worth of Annual Costs

$340,000Capital Cost

CostItem

84

Roger Road – Green Field Site Layout 
20 MGD-Option 2
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Total Present Worth of Green Field RR 20 
MGD (Option 2) and IR 62 MGD – $1000’s

$485,900Total Present Worth

$140,300Present Worth of Annual Costs

$345,600Capital Cost

CostItem

86

Roger Road
Site Layout 32 MGD – Demo
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Roger Road
Site Layout 32 MGD – IF/AS

88

Total Present Worth of IF/AS RR 32 MGD 
and IF/AS IR 50 MGD – $1000’s

$438,800Total Present Worth

$144,200Present Worth of Annual Costs

$294,600Capital Cost

CostItem
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Roger Road
Site Layout 32 MGD – MLE + deN Filters

90

Total Present Worth of MLE + deN RR 32 
MGD and MLE + deN IR 50 MGD – $1000’s

$438,800Total Present Worth

$139,200Present Worth of Annual Costs

$299,600Capital Cost

CostItem
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Roger Road
Site Layout 20 MGD-BT/NAS Demo

92

Roger Road
Plant Layout 20 MGD-BT/NAS
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Total Present Worth of BT/NAS RR 20 
MGD and Bardenpho IR 62 MGD – $1000’s

$478,600Total Present Worth

$152,000Present Worth of Annual Costs

$326,600Capital Cost

CostItem

Evaluation Matrices

Gordon Culp
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System Configuration Cost 
Evaluation

RR=32 mgd RR=20 mgd RR=0 mgd RRGF=32 mgd RRGF=20 mgd
IR=50 mgd IR=62 mgd IR=82 mgd IR=50 mgd IR=62 mgd

Capital Cost
Plant interconnect $22,000,000 $25,100,000 $31,600,000 $22,000,000 $25,100,000
RR Demolition and Removal $4,000,000 $4,000,000 $16,100,000 $16,100,000 $16,100,000
Roger Road treatment plant $81,540,000 $56,500,000 $0 $102,160,000 $65,800,000
Ina Road Treatment Plant $167,500,000 $211,400,000 $284,660,000 $167,500,000 $211,360,000
Reclaimed water return $270,000 $9,800,000 $19,400,000 $270,000 $9,800,000
Tucson Water Booster PS $810,000 $810,000 $810,000 $810,000 $810,000
Tucson Water Reservoir $11,000,000 $11,000,000 $22,000,000 $11,000,000 $11,000,000
Total Capital Cost $287,100,000 $318,600,000 $374,600,000 $319,800,000 $340,000,000

Annual O&M Cost
Labor $7,500,000 $7,300,000 $6,200,000 $6,800,000 $6,800,000
Methanol $0 $0 $0 $0 $0
Polymer-sludge thicken/dewater $730,000 $720,000 $700,000 $730,000 $720,000
Alum for P removal $0 $0 $0 $0 $0
Power-treatment $6,050,000 $6,050,000 $6,050,000 $6,050,000 $6,050,000
Power-rec. water return + booster PS $395,000 $710,000 $1,210,000 $395,000 $710,000
Interconnect line maint. $10,000 $10,000 $10,000 $10,000 $10,000
Total annual cost $14,685,000 $14,790,000 $14,170,000 $13,985,000 $14,290,000
Present Worth of Annual Costs $144,200,000 $145,200,000 $139,100,000 $137,300,000 $140,300,000

Total Present Worth Cost $431,300,000 $463,800,000 $513,700,000 $457,100,000 $480,300,000

COST MATRIX

96

Process Evaluation

P R O C E S S
F L O W   
R R / IR

P R E S E N T  
W O R T H C A P IT A L

B A R D E N P H O 3 2 /5 0 $ 4 3 1 ,3 0 0 ,0 0 0 $ 2 8 7 ,1 0 0 ,0 0 0

IF A S  @  R R  &  IR 3 2 /5 0 $ 4 3 8 ,8 0 0 ,0 0 0 $ 2 9 4 ,6 0 0 ,0 0 0

M L E + d e N F IL T E R S @
R R  &  IR 3 2 /5 0 $ 4 4 5 ,8 0 0 ,0 0 0 $ 2 9 9 ,6 0 0 ,0 0 0

B A R D E N P H O /G R E E N F
IE L D - R R 3 2 /5 0 $ 4 5 7 ,1 0 0 ,0 0 0 $ 3 1 9 ,8 0 0 ,0 0 0

B A R D E N P H O 2 0 /6 2 $ 4 6 3 ,8 0 0 ,0 0 0 $ 3 1 8 ,6 0 0 ,0 0 0

B T /N A S R R +
B A R D E N P H O  IR 2 0 /6 2 $ 4 7 8 ,6 0 0 ,0 0 0 $ 3 2 6 ,6 0 0 ,0 0 0

B A R D E N P H O /G R E E N F
IE L D - R R 2 0 /6 2 $ 4 8 0 ,3 0 0 ,0 0 0 $ 3 4 0 ,0 0 0 ,0 0 0

P R O C E S S  S E N S IT IV IT Y  C O M P A R IS O N S
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System Evaluation Matrix

Uses criterion and weights agreed to in 
earlier workshop for comparing system 
alternatives
This is a tool to have a structured and 
focused discussion on the relative 
merits of the alternatives – judgment 
must be applied to the result

98

System Evaluation Matrix
Weighting RR=32 RR=20 RR=0 RRGF=32 RRGF=20 RR=32 RR=20 RR=0 RRGF=32 RRGF=20
Factor IR=50 IR=62 IR=82 IR=50 IR=62 IR=50 IR=62 IR=82 IR=50 IR=60

Cost 5

Schedule 5

Constructability 3

Flexibility 4

System Reliability 4

System Operability 4

Environmental 
Impacts 4

Water/Wastewater 
System 
Optimization

5

Public Acceptance 5

Potential for Cost 
Sharing 3

Effects on 
Financing 3

TOTAL

Unweighted Ranking Weighted Ranking

Criteria



50

99

System Evaluation Matrix

3
$480M

4
$457M

2
$514M

4
$464M

5
$431MCost

RRGF=20
IR=62

RRGF=32
IR=50

RR=0
IR=82

RR=20
IR=62

RR=32
IR=50

Ratio to 
lowest cost           1.00 1.08          1.19           1.06           1.11

Incremental
cost above
lowest cost            $0               $33M         $73M       $26M         $49M

100

System Evaluation Matrix

All can meet schedule

Alternatives involving rehab of Roger Road have greater 
schedule risk due to uncertainty associated with 
construction within existing plant

55544Schedule

RRGF=20
IR=62

RRGF=32
IR=50

RR=0
IR=82

RR=20
IR=62

RR=32
IR=50
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101

System Evaluation Matrix

45422Constructability

RRGF=20
IR=62

RRGF=32
IR=50

RR=0
IR=82

RR=20
IR=62

RR=32
IR=50

Construction within Roger Road plant will be very difficult
Greenfield Roger Road at 32 MGD involves the least 
construction within existing plants 
Greenfield Roger Road at 20 MGD and Roger Road at 0 MGD 
involves more construction within existing Ina Road site 
than Greenfield at 32 MGD

102

System Evaluation Matrix

55533Flexibility

RRGF=20
IR=62

RRGF=32
IR=50

RR=0
IR=82

RR=20
IR=62

RR=32
IR=50

May not be possible to create same degree of flexibility in 
plant design when working within constraints of existing 
Roger Road plant

Greenfield Roger Road and Transfer All options offer fewest 
restrictions on designing plant for flexibility



52

103

System Evaluation Matrix

55544
System
Reliability

RRGF=20
IR=62

RRGF=32
IR=50

RR=0
IR=82

RR=20
IR=62

RR=32
IR=50

Greenfield Roger Road and Transfer All options offer more 
new components that can be similar in design
Rehabilitated Roger Road plant will be less reliable due to the 
older components that will remain

104

System Evaluation Matrix

44533
System
Operability

RRGF=20
IR=62

RRGF=32
IR=50

RR=0
IR=82

RR=20
IR=62

RR=32
IR=50

Transfer All option – all O&M under one command, all training 
deals with one system
Greenfield options will be easier to operate than rehabilitated 
Roger Road plant but involve operating two plants
Rehabilitated Roger Road plant more difficult to operate, old 
components and cumbersome layout



53

105

System Evaluation Matrix

44533
Environmental
Impacts

RRGF=20
IR=62

RRGF=32
IR=50

RR=0
IR=82

RR=20
IR=62

RR=32
IR=50

All options deliver 37 MGD to Roger Road for reuse and riparian habitat 
maintenance
Concentrating construction and operation at one location (Ina Road) would 
have least short and long term environmental impacts
Greenfield options reduce chance that construction will cause a plant upset 
and related environmental damage and regulatory non-compliance
Rehabilitation of Roger Road options increase chance of construction-
related plant upsets and regulatory non-compliance

106

System Evaluation Matrix

45345
Water/Wastewater
System Optimization

RRGF=20
IR=62

RRGF=32
IR=50

RR=0
IR=82

RR=20
IR=62

RR=32
IR=50

32-MGD Roger Road options make best use of existing collection 
system, can use existing 24-inch reclaimed water line to convey 
needed volume of reclaimed water from Ina Road to Roger Road, 
and maintains greater volume at higher elevation for potential 
reuse
20-MGD Roger Road options retain less reclaimed water at Roger 
Road and Transfer All option retains none at Roger Road
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System Evaluation Matrix

22222
Public
Acceptance

RRGF=20
IR=62

RRGF=32
IR=50

RR=0
IR=82

RR=20
IR=62

RR=32
IR=50

A Greenfield option may be viewed as an improvement over the existing 
plant or a desirable buffer for the proposed sports park
Others may oppose the new location involved in a Greenfield plant or 
want the Roger Road plant gone
Putting all wastewater treatment at Ina Road may be opposed by those 
near the Ina Road plant
All likely to have a mix of support and opposition and all are considered 
equal

108

System Evaluation Matrix

45345
Potential Cost
Sharing

RRGF=20
IR=62

RRGF=32
IR=50

RR=0
IR=82

RR=20
IR=62

RR=32
IR=50

32-MGD Roger Road options involve least cost to provide needed 
volume of reclaimed water at Roger Road and perhaps greater 
potential for cost sharing with Tucson Water
20-MGD Roger Road options involve more cost to provide needed 
volume of reclaimed water at Roger Road and could meet more 
resistance for cost sharing by Tucson Water
Transfer All option involves most cost to provide needed volume of 
reclaimed water at Roger Road
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109

System Evaluation Matrix

33234
Effects on
Financing

RRGF=20
IR=62

RRGF=32
IR=50

RR=0
IR=82

RR=20
IR=62

RR=32
IR=50

Differences are based on the relative magnitude of funding 
required

110

System Evaluation Matrix

3Effects on financing
3Potential cost sharing
5Public acceptance
5Water/wastewater system optimization
4Environmental impacts
4System operability
4System reliability
4Flexibility
3Constructability
5Schedule
5Cost

WeightCriterion
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111

System Evaluation Matrix
Weighting RR=32 RR=20 RR=0 RRGF=32 RRGF=20 RR=32 RR=20 RR=0 RRGF=32 RRGF=20
Factor IR=50 IR=62 IR=82 IR=50 IR=62 IR=50 IR=62 IR=82 IR=50 IR=60

Cost 5 5 4 2 4 3 25 20 10 20 15

Schedule 5 4 4 5 5 5 20 20 25 25 25

Constructability 3 2 2 4 5 4 6 6 12 15 12

Flexibility 4 3 3 5 5 5 12 12 20 20 20

System Reliability 4 4 4 5 5 5 16 16 20 20 20

System Operability 4 3 3 5 4 4 12 12 20 16 16

Environmental 
Impacts 4 3 3 5 4 4 12 12 20 16 16

Water/Wastewater 
System 
Optimization

5 5 4 3 5 4 25 20 15 25 20

Public Acceptance 5 2 2 2 2 2 10 10 10 10 10

Potential for Cost 
Sharing 3 5 4 3 5 4 15 12 9 15 12

Effects on 
Financing 3 4 3 2 3 3 12 9 6 9 9

TOTAL 40 36 41 47 43 165 149 167 191 175

Unweighted Ranking Weighted Ranking

Criteria

112

Roger Road Recommended 
32-MGD Option
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Greenfield at Roger Road

Frees up property for economic 
development
Eliminates cost/schedule risk associated 
with rehab
System more flexible, reliable, operable
Better integration with reclaimed water
Least risk for regulatory non-compliance
Keeps eco-system in Santa Cruz River

114

Ina Road Recommended 
50-MGD Option
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Next Steps

Andy Richardson

Summary

Andy Richardson
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Pima County Wastewater Management Department 

Regional Optimization Master Plan 

Workshop #11 
 
 

Workshop #11 Meeting Notes 
Evaluation of Treatment Plant 

 
1. The Evaluation of Treatment Plant Workshop for Pima County Regional Optimization Master 

Plan was held on December 13, 2006.  The agenda is attached.  The following were in attendance: 
 

PCWMD 
Director 

Michael Gritzuk 
Deputy Directors 

Paul Bennett 
Mike Bunch 
Jackson Jenkins 
Jeff Nichols, Finance 

PCWMD Staff 
David Bartos 
Bob Buecher 
John Carlson 
Ed Curley 
Jim Doyle 
Laura Fairbanks 
Frank Gall 
David Garrett 
Mary Hamilton 
Tim Harmon 
Michael Kostrzewski 
Mike Lueken 
Byron McMillan 
John Munden 
Steve Munsell 
Jeff Prevatt 
Karen Ramage 
Prakash Rao 
Helen Rhudy 
Bill Richardson 
Ron Riska, Project Manager 
Mandley Rust 
John Sherlock 
John Warner 
Ken Weber 
Eric Wieduwilt 

Legal 
Harlan Agnew 
Chuck Wesselhoff 

WASTEWATER MANAGEMENT 
ADVISORY COMMITTEE 

John Carlson 
Brad DeSpain, Town of Marana 

 
PIMA COUNTY PARKS & 
RECREATION 

Rafael Payan,  
Director, Natural Resources 

Stephen Dean 
Linda Mayro 

 
TUCSON WATER 
Tucson Water Staff 

Melodee Loyer 
Tim Thomure 
Wally Wilson 
Alan Forrest, CH2M Hill 
Ken Thompson, CH2M Hill 

 
PEER GROUP 

Gary Newman, B&C 
Denny Parker, B&C 
Joe Husband, MPI 

 
GREELEY AND HANSEN 
PROJECT TEAM 

Jerry Bish 
Gordon Culp 
Carl Koch 
Andy Richardson 
Harold Smith 
 

COUNTY ADMINISTRATION 
(afternoon for one-hour summary) 

Chuck Huckelberry,  
County Administrator 

John Bernal,  
Deputy County Administrator 
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2. Major topics of the workshop were: 
 

Â Workshop #11:  Evaluation of Treatment Plant 
− Process Evaluation Review 
− Recommended System Configuration/Layouts 
− Project Sequencing  
− System Costs  
− Project Financing  
− ADEQ Response 

 
A set of handouts were provided to each attendee in advance of the workshop.  Additional 
information was presented during the workshop. 
 
Throughout the workshop a set of notes were recorded on “flip-charts.”  Those notes summarize 
questions, comments and notes to be utilized by the project team while conducting the study and 
are provided at the end of this summary.  Some, but not all, of the flip chart notes are 
incorporated into the following items. 
 

3. Mike Gritzuk welcomed the attendees to the evaluation of the treatment plant workshop.  The 
goal is to advance the preferred plan to the recommended plan by the end of the day by drilling 
down into the details of the project and examining the construction costs updates.  It was noted 
that the County Administrator, Chuck Huckelberry, and Deputy County Administrator, John 
Bernal, would be joining the workshop in the afternoon to view the recommended plan, 
construction costs and financing plan for the project.  Until then the group will discuss the details 
of the recommended plan.  The peer group was acknowledged for their continued involvement in 
the workshop activities.  Tucson Water was also acknowledged for their presence and continued 
participation and contributions to the workshops. 

 
4. Andy Richardson outlined his role as facilitator and encouraged all to participate, but reminded 

all that he will adjust the program upon arrival of the County Administrator and the Deputy 
County Administrator in the afternoon to summarize the project elements and review the 
decisions.  After reviewing the agenda and groundrules, the previous workshop decisions and 
goals to be achieved during the Workshop #11 were outlined. 

 
Agenda, groundrules, previous decisions and goals were covered on pages 2 through 6 of the 
handout. 

 
5. Gordon Culp presented the evaluation processes developed and followed in the previous 

workshops.  Evaluations of the system configuration, system configuration costs, non-economic 
considerations and process from previous workshops were reviewed.  Ron Riska asked if the 
costs were modified.  An action from the last workshop was to hire a contractor to review the 
construction costs.  Those results will be provided later in the workshop.  Presentation matrices 
and costs provided from the previous workshop materials were not modified.  It was reiterated 
that costs in the earlier workshops were planning level estimates for project elements not common 
to all alternatives or options.  Therefore, those costs were not total costs, but were developed for 
comparative purposes. 
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Jeff Nichols stated that the risk of operating during construction, as-built drawing accuracies 
(inaccuracies) and unforeseen items need to be addressed with the rehabilitation alternatives.  
Further, Mike Bunch asked if there are examples of projects where actual costs for rehabilitation 
costs of old facilities were significantly more than bid construction due to these risk factors.  
Phoenix 91st Avenue project was offered as an example where there was a 50 percent premium 
due to risk type issues.  Mike Gritzuk asked if there were other examples in the wastewater 
industry.  This will be explored by the project team. 

 
The evaluation process review and previous outcomes were covered on pages 6 through 9 of the 
handout. 

 
6. Jerry Bish reviewed the assessment of the various system configurations and flows to be treated at 

each facility.  Over the course of the project and in discussions at previous workshops, three system 
configurations were evaluated and three others considered.  Analysis of the results indicates that the 
least cost alternative is treating 32 mgd of wastewater at Roger Road WWTP and 50 mgd at Ina 
Road WWTP.  Mike Gritzuk asked why this flow arrangement was the least costly to the County.  
Since the County owns land at each site, there are two principal factors in the cost evaluation 
considerations.  First, there are relatively new headworks at Ina Road WPCF that can accommodate 
50 mgd.  Secondly, as more flow is transferred to Ina Road WPCF from the Roger Road service 
area, the larger and more expensive the transfer pipeline becomes.  Therefore, the least cost for 
Pima County is to fully utilize the headworks at Ina Road WPCF and to build the remaining 
treatment capacity at Roger Road to minimize the additional expense of the transfer pipeline. 

 
Basis of the plant capacities at each plant site was covered on pages 9 through 11 of the handout. 

 
7. Carl Koch reviewed the treatment plant process and the possible use of side-stream treatment of 

solids handling recycle flows.  Bardenpho was selected as the best treatment technology for the 
raw wastewater characteristics and effluent quality requirements.  This process has a long history 
of reliable performance and has the benefit of addressing phosphorus removal when and if 
required.  Recommended at Roger Road is a 32-mgd facility without primary sedimentation 
tanks.  With the process model runs, using GPS-X, the system will achieve an effluent of less 
than 8 mg/L total nitrogen, less than 2 mg/L ammonia and under 1 mg/L phosphorus without the 
addition of chemical.  This performance will meet and exceed the performance criteria required 
by current and anticipated facility ADEQ permits during the study horizon. 

 
Denny Parker indicated that the original Bardenpho process was developed and operated in South 
Africa and was constructed without primary sedimentation tanks, but since then primary 
sedimentation tanks have been added.  Without primary tanks the process units need to be 
increased in size to accommodate the wastewater load normally removed by primary 
sedimentation.  Therefore, to reduce operating energy costs related to raw wastewater being 
processed through Bardenpho, it was advised to consider adding primary sedimentation tanks to 
the process train.  Jim Doyle indicated that he saw nothing wrong in adding raw wastewater 
directly to the Bardenpho process so as to utilize the carbon source associated with the primary 
wastewater sludge in the wastewater process system.  During startup at the Ina Road WPCF, raw 
wastewater is being conveyed around the primary clarifiers and added directly to the MLE system 
(BNRAS) with a consistent total nitrogen result of 3.5 mg/L in the effluent.  This is being 
accomplished without appreciable additional air from the blower system.  From the operations 
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perspective, there appears to be benefits of not having primary sedimentation tanks.  Joe Husband 
offered that a careful life-cycle analysis is required to determine the effects of eliminating the 
primary sedimentation tanks. 
 
At Ina Road WPCF the recommended Bardenpho system is sized to handle the recycle loads with 
a flow of 50 mgd.  From GPS-X modeling, effluent total nitrogen and ammonia concentrations 
will be less than 8 mg/L and 2 mg/L, respectively.  Effluent phosphorus concentration of less than 
1 mg/L will not be achieved without the addition of metal salts.  However, significant phosphorus 
can be removed from the wastewater before the addition of chemicals. 
 
Most of the recycle loads will be addressed at the Ina Road WPCF.  At the new Roger Road 
WTTP the waste activated sludge will be thickened to 3 percent before being transferred to Ina 
Road for digestion.  The thickening filtrate will be recycled to the head end of the plant for 
processing in the main wastewater process stream.  At Ina Road the filtrate/centrate from pre-
digestion thickening, and post-digestion thickening and dewatering (if required) of sludge will be 
recycled and processed in the main wastewater process stream.  Jim Doyle suggested eliminating 
thickening at Roger Road and transferring the solids to Ina Road through the plant interconnect. 
 
Carl Koch offered that without primary sedimentation tanks that the headworks at Roger Road 
would need to be aggressively sized to remove grit and screenings.  Ron Riska asked if there were 
primary sedimentation tanks at Roger Road and those solids were placed into the plant 
interconnect whether this would create any adverse conveyance system conditions.  At this time 
John Warner did not see any adverse issues from the conveyance perspective.  Gary Newman 
suggested that headworks be provided at Roger Road to address the Roger Road WWTP flow and 
the plant interconnect. 
 
Denny Parker suggested treatment of recycle side-streams at Ina Road WPCF to make more 
carbon available in the future for phosphorus removal.  It was agreed that it is not necessary to 
make the decision now because phosphorus removal is not required, but it would be wise to 
reserve space for consideration of future side-stream treatment.  Joe Husband indicated that side-
stream treatment studies at Ina Road WPCF proved to save money.  John Sherlock expressed that 
having extra process tankage, or a spare tank, is desirable from an operator’s perspective. 
 
For phosphorus removal, Denny Parker believes that from a crystal ball viewpoint that there will 
someday be regulatory limits imposed on Pima County.  Furthermore, when regulated, 
phosphorus standards of much less than 1 mg/L will be imposed.  A phosphorus standard of 0.05 
mg/L should be considered in the site allocation in the master plan.  A separation or filtration 
process may be required to achieve low phosphorus removals.  Ron Riska has heard that chemical 
sludges are hard to handle and may have an impact on the end use of the sludge.  It was indicated 
that sludge from phosphorus removal systems are more problematic than conventional 
wastewater treatment system sludge and should be address in the biosolids handling. 
 
In general, the peer group confirmed that the Bardenpho process is a good program for the master 
plan.  Carl Koch indicated that the system would be designed with flexibility to operate over a range 
of modes associated with a multi-staged treatment process.  Also, based on the unforgiving schedule 
for implementation, Bardenpho is optimal process for achieving nutrient limits in the effluent. 
 



Pima County Wastewater Management Department 

Regional Optimization Master Plan 

Workshop #11 
 
 
 

5 
J:\Projects\Pima Co WM\05302-ROMP\06 Gen Studies-Rpts\6.1 Report\App A-Wkshp Summ\mn-Wkshp #11_rev2.doc 

The wastewater treatment process and recycle treatment at Roger Road WWTP and Ina Road 
WPCF were covered on pages 12 and 13 of the handout. 
 

8. Carl Koch reviewed the biosolids handling and treatment processes for Roger Road WWTP and 
Ina Road WPCF.  All biosolids stabilization and processing will occur at the Ina Road WPCF.  
Stabilization will be by mesophilic anaerobic digestion until Class A requirements are imposed.  
At this time there is uncertainty when Class A biosolids may be required for Pima County 
biosolids, if ever.  The strategy for Pima County is to prepare for achieving Class A biosolids, but 
not proceed until the marketplace, regulatory agencies or public demand a higher level of 
biosolids treatment.  Plant site layouts are developed around the most land intense system 
(thermophilic anaerobic digestion, TPAD, followed by dewatering).  By accommodating TPAD 
the plant site could accommodate Cambi or heat drying operations.  It was noted that currently 
the Cambi process has not been granted Class A status by EPA, but it is anticipated that it will be 
granted in the future. 

 
Jim Doyle asked if thickening of waste activated sludge to 3 percent at Roger Road WWTP was 
necessary.  Thickening assures capacity in the sludge transfer pipeline.  Gary Newman indicated 
that if the proposed operating schedule for the biosolids thickening or dewatering operations was 
not 24/7, that an equalization tank for the recycle may be necessary to address the cyclic plant 
loads imposed by recycle flows.  Carl Koch pointed out that the TPAD process was developed on 
a batch feed basis because a continuous feed mode has not been approved by the regulatory 
agencies. 
 
Dave Garrett asked where biosolids will be placed, if the current disposal site is unavailable.  
Brad DeSpain offered that there are other nearby agriculture lands available for disposal 
including land in Pinal County.  Jackson Jenkins suggested that the Cambi product may be more 
desirable to the County.  The Cambi product could be used for landfill cover and on park lands.  
A proposal had been received from Cambi to process up to 16 dry tons per day.  Denny Parker 
indicated that San Francisco had a pilot study of Cambi shutdown because of site constraints and 
was using other Class A processes. 
 
John Sherlock observed that the current wastewater treatment operations are limited by its 
biosolids and handling capacity and that the “back end” of the plant may drive the upgrade and 
expansion program.  Currently biosolids processing is at “most risk” at the Roger Road WWTP.  
Operations are barely keeping up with the handling of sludge.  Furthermore, Pima County has one 
of the few liquid sludge application operations left in the U.S.  Mike Gritzuk stated that solids 
handling at the plants are critical. 
 
It was noted that California does not want biosolids applied to its land.  Ed Curley indicated that 
California communities were disposing of biosolids in Arizona.  Because of this, the time for 
application of Class B biosolids on the land in Arizona may be limited.  It was concluded that the 
provisions for Class A biosolids would be included in the site plan layouts. 
 
Biosolids handling and treatment at Roger Road WWTP and Ina Road WPCF were covered on 
pages 14 through 18 of the handout along with three additional slides provided at the end of this 
meeting summary (see attached pages 17 and 18). 
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9. Jerry Bish covered the projected needs for reclaimed water system for Tucson Water and the 
possible riparian habitat allocations for the Santa Cruz River between Roger Road and Ina Road.  
Tucson Water has projected a need for approximately 30 mgd of plant effluent for reclaimed 
water use at Roger Road, and approximately 20 mgd of plant effluent for reclaimed water use at 
Ina Road to meet demand.  Based on the regulatory requirements for future wastewater treatment, 
the effluent from the future Roger Road WWTP and Ina Road WPCF will be classified as A+.  
With this classification Tucson Water would be able to decommission its pressure filter treatment 
system at Roger Road and feed the distribution system directly after chlorine addition to meet 
residual requirements.  Tucson Water will construct the necessary pump station, reservoir 
(10 million gallons), pipeline and chlorine residual facilities at Ina Road WPCF to provide for its 
reclaimed water needs. 

 
The Sweetwater wetlands and recharge basins at Roger Road would be kept operational by 
Tucson Water.  Recharge basins serve to provide for wintertime underground water storage for 
summertime recovery to meet peak reclaimed water demands.  It was noted that Tucson Water 
provides the pumps for the Silver Bell Golf Course. 

 
The current riparian habitat in the Santa Cruz River between Roger Road and Ina Road is entirely 
supported by the effluent from the Roger Road WWTP.  The Tres Rios Del Notre project looked 
at that stretch of the river from several perspectives that would provide a benefit to the County.  
Other County agencies and public groups, such as environmental organizations, have a keen 
interest in sustaining or enhancing the riparian habitat in the Santa Cruz River. 
 
Water requirements in the Santa Cruz River vary dependent on the results to be achieved.  The 
range is from 1.4 mgd to 16 mgd.  The lower value is estimated to sustain the current habitat.  
The upper range would provide for a major sustainable ecosystem restoration on vacant public 
and private lands along the Santa Cruz, which would be costly and most likely not be achieved.  
A probable program would require about 7 mgd, which would serve the existing habitat on public 
owned properties, keep water in the channel, and allow for some managed recharge.  For 
purposes of the master plan, providing up to 7 mgd of discharge to the Santa Cruz is set as the 
target.  Mike Gritzuk indicated that the reclaimed water needs for the proposed sports park 
complex need to be determined.  It had been estimated earlier that the sports park complex would 
require approximately 3/4 to 1 mgd of reclaimed water. 
 
With the Roger Road plant rated at 32 mgd, additional effluent water is required to meet both the 
Tucson Water needs of 30 mgd and the potential Santa Cruz River need of 7 mgd.  Effluent water 
from Ina Road could be pumped to Roger Road to meet the additional demand.  With 
construction of additional pumping capacity at Ina Road, 5 mgd and perhaps as much as 10 mgd, 
could be conveyed through an existing 24-inch Tucson Water distribution main that passes 
between the two wastewater treatment plants. 
 
Effluent water discharged from the wastewater treatment facilities is fully allocated by 
agreements of several parties.  Pima County does not have an allocated share of the discharge 
from the Roger Road facility.  Harlan Agnew stated that it was necessary to define whose water 
goes to the sports park complex and to the Santa Cruz River. 

 



Pima County Wastewater Management Department 

Regional Optimization Master Plan 

Workshop #11 
 
 
 

7 
J:\Projects\Pima Co WM\05302-ROMP\06 Gen Studies-Rpts\6.1 Report\App A-Wkshp Summ\mn-Wkshp #11_rev2.doc 

The existing and future reclaimed water needs and riparian habitat water issues in the Santa Cruz 
River were covered on pages 18 through 20 of the handout. 
 

10. Jerry Bish reviewed the plant interconnect between Roger Road WWTP and Ina Road WPCF 
needs, sizing and routing.  The plant interconnect was previously discussed in Workshops #7 
and #12 (note Workshop #12 preceded Workshop #11).  Since the last workshop, the historic 
record of high flows to the Roger Road WWTP were examined to determine the maximum 
pipeline capacity needed to transfer flow to the Ina Road WPCF from the Roger Road service 
area.  From an analysis of the flow records, the peak flow requirement, including wastewater 
diurnal flow variations, is 72 mgd.  Therefore, for an average flow transfer of 28 mgd, the 
peak hydraulic capacity of the plant interconnect would need to be approximately 75 mgd (72 
mgd).  Bob Buecher asked if the headworks capacity at the Ina Road WPCF was capable of 
handling the interconnect peak flow as well as the wet weather peaks in the Ina Road service 
area.  The headworks capacity at Ina Road WPCF will need to be evaluated.  Denny Parker 
suggested that the secondary clarifiers at both plants be oversized to cushion the impact of 
higher flows. 

 
John Carlson asked if building a new plant in the southern end of the conveyance system would 
reduce wet weather flow to Roger Road WWTP.  Paul Bennett offered that the economics were 
not good to build a facility in the southern end.  Jackson Jenkins stated that it had been decided 
not to build a facility at the southern end. 

Three route alternatives were further evaluated with a pipeline capacity of 75 mgd.  Alternative 
Route 3 was eliminated from consideration in Workshop #12.  Each of the remaining three routes 
(1, 2 and 4) can transfer flow by gravity.  The probable construction costs were evaluated for each 
route.  Route 1, along the existing sludge transfer line, is the least costly by a significant amount.  
Barring right-of-way issues or other unknown factors, Route 1 is the recommended route 
alternative.  It was noted that from recent survey information that the existing sludge line weaves 
across the existing right-of-way and may need to be relocated in some areas to allow for 
construction of the plant interconnect.  This would add cost to the alternative Route 1 pipeline 
construction, but since that route is approximately $6 million less expensive, it would most likely 
remain the less costly approach.  John Warner asked whether costs for alternative Route 4, which 
includes augmentation of a section of existing sewer as part of the route, was taken into account 
in the costing of the alternatives.  This was evaluated earlier and was found that the total costs 
were less to keep them as separate projects.  Laura Fairbanks stated that neighborhood issues 
work against Route 4. 
 
The plant interconnect was covered on pages 20 through 24 of the handout. 
 

11. Gordon Culp reviewed the system costs and input from a contractor, JR Filanc Construction 
Company Inc. (Filanc), who provided construction costs for the Roger Road and Ina Road 
facilities.  Filanc specializes in water and wastewater utility construction in California and 
Arizona.  Previous project cost developments were for comparative wastewater process purposes 
and did not include common costs for the various alternatives, such as site work, landscaping, 
security fencing, paving, and so forth.  Further, costs were based on 2006 construction cost 
dollars, which were not escalated to the time of actual construction.  The construction costs 
prepared by the contractor were for 2006 construction and included common elements for the 
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facilities.  Construction costs were not escalated to the time of actual construction.  The 
contractor’s costs revealed what is commonly known in the construction industry that there has 
been a volatile commodities market in recent times, especially for steel and concrete. 

 
Construction costs were prepared for two facilities at Roger Road:  1) upgrade and rehabilitation 
of existing facilities, and 2) a new “Greenfield” plant.  The rehabilitation costs did not include 
contingencies for latent defects, unforeseen conditions and other construction costs related to the 
age and condition of the existing facilities.  Jackson Jenkins cited that a recent drain failed at the 
Roger Road WWTP and needed to be repair, and the location was not where the “as-built” plans 
indicated.  It was found under a concrete slab, which required additional cost to fix.  Mike Bunch 
indicated that the existing yard piping arrangement is less than ideal.  Costs of making a better 
arrangement to suit future needs was not included in the rehabilitation costs.  It was further 
offered that the costs of keeping the facility in service, while the rehabilitation is underway, could 
not be overstated.  This cost was not included in the rehabilitation costs.  Therefore, costs for the 
rehabilitation alternative are unrealistic.  Denny Parker offered that for master planning, 
rehabilitation costs are difficult to quantify.  To refine the costs of rehabilitation would require a 
10 to 15 percent level of design to uncover where the unknown costs are and to apply a price to 
those elements.  Mike Bunch indicated that more of the subjective rehabilitation issues need to be 
addressed as tangible items and added to the rehabilitation costs.  This requires the assignment of 
costs to the risk factors that are known to exist at the Roger Road WWTP.  John Sherlock offered 
that currently contractors that are working at the Roger Road WWTP are placing a 40 percent 
premium on construction projects to address the unknowns.  John Carlson, retired professional 
engineer, indicated that from his experience as an ex-contractor that a range of probable costs 
would be appropriate for the rehabilitation of the existing facilities.  From a contractor’s 
viewpoint, working with structures 30 to 40 years old are scary to build onto. 
 
System costs were covered on pages 29 through 31 of the handout. 
 

12. Gordon Culp reviewed a probable sequence of events regarding the upgrades and expansions of 
the Roger Road WWTP and Ina Road WPCF facilities to meet the ADEQ requirements.  Mike 
Gritzuk asked if the project sequence considered the possibility of delaying components of the 
project other than those required for treatment and the laboratory.  The sequence includes 
constructing a 24-mgd “Greenfield” facility at Roger Road WWTP by January 2015 and a 
50 mgd expansion and upgrade of the Ina Road WPCF by January 2014.  An additional 8 mgd of 
capacity will be constructed at Roger Road after 2015 along with associated sludge facilities at 
Ina Road WPCF.  The class A sludge facilities were not included in the first phase of construction 
and was assumed to be constructed after the expansions and upgrades at Roger Road WWTP and 
Ina Road WPCF were complete.  The project sequencing analysis indicated that advancing the 
plant interconnect construction was important to meet the continued increase in wastewater flows 
at the plants.  Mike Bunch reinforced that the plant interconnect was needed to serve population 
growth in the community.  This may have financing implications.  It was noted that Interstate 10 
is scheduled for widening in the near future, which may impact the construction of the upgrades 
and expansions at the wastewater plants. 

 
Project sequencing was covered on pages 32 through 34 of the handout. 
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13. Harold Smith reviewed the capital financing issues to construct the projects outlined in the project 
sequence provided above, including a “first cut” at annual costs for the County.  Key variables 
include project timing and sequencing, growth of wastewater flows, inflation and interest on 
bonds.  Laura Fairbanks stated that current plant flows are 62 to 66 mgd, including flows to 
Randolph Park WRF.  Therefore, system development fees could be used for parts of the project.  
Wastewater flows are projected to reach 85 mgd by the year 2030 based on 85 gallons per capita 
per day.  Future water conservation efforts may impact plant flows.  Denny Parker stated that 
flow projections are a surrogate for loads to the plant.  Future flows may decrease, but loadings 
will increase based on population growth, and the plants need to be sized to treat the increased 
loads.  The program to design, construct and startup facilities outlined to meet the  ADEQ letter 
requirements is based on nine years for Roger Road WWTP and eight years for Ina Road WPCF. 

 
Preliminary annual costs were developed based on 20-year bonds with sales in 2008, 2010 and 
2012 to finance the projects.  Capital costs were not inflated and were shown in 2006 dollars.  
O&M costs were escalated at the historic rate of about 3 percent.  For sake of the annual costs 
development, O&M staffing was assumed to be constant between the operation of the existing 
facilities and the operation of the new facilities.  Harold Smith reiterated that the numbers are 
very, very preliminary.  Upon review of the numbers, Mike Kostrzewski indicated that the debt 
for the County will increase by a factor of 6.  Mike Gritzuk indicated that the use of a 2010 bond 
will probably not be possible and the use of 30-year bonds needs to be looked at to soften rate 
impacts. 
 
Capital plan financing issues were covered on pages 35 through 38 of the handout along with four 
additional slides provided at the end of this meeting summary (see attached pages 19 and 20). 

 
14. Jerry Bish presented site layouts of the year 2030 recommended plan with a 32-mgd Roger Road 

WWTP and 50-mgd Ina Road WPCF.  The recommended plan for future “Greenfield” facilities at 
Roger Road WWTP are shown along Sweetwater Drive on the south side of the existing 
wastewater facilities and the Tucson Water reclaimed water filtration plant, reservoir and pumping 
station operations.  The location along Sweetwater Drive meets the regulatory requirements for 
setbacks using City of Tucson owned land, maximizes the availability of public land for alternative 
uses (including a new sports complex), enables upstream discharge to the Santa Cruz River to 
sustain riparian habitat and locates operations adjacent to the existing and future reclaimed water 
operation.  The recommended plan at Roger Road WWTP is for a facility without primary 
sedimentation tanks.  The existing facilities will continue operations until the new facilities are 
commissioned, after which the existing facilities would be demolished.  The site plan includes 
space for future expansion of facilities capacity by 50 percent beyond the year 2030. 

 
Gary Newman suggested that the existing headworks and primary sedimentation tanks at Roger 
Road WWTP could be utilized in front of the new facilities located along Sweetwater Drive.  
Denny Parker thought the new secondary system could be placed where the new primary 
sedimentation tanks were shown to get the effluent closer to the Tucson Water facilities.  The 
issue of continued use of the existing headworks and primary sedimentation tanks is both an issue 
of location of the units relative to the new facilities and suitability of the existing units to function 
for the intended service.  Because of these issues, the existing systems are planned to be retired. 
 



secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
Civil Structure

secharte
Typewritten Text
Roger Road ROMP

secharte
Typewritten Text
21

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
A.Martin

secharte
Typewritten Text
5/24/06



secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
Civil Structure

secharte
Typewritten Text
Roger Road ROMP

secharte
Typewritten Text
22

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
A.Martin

secharte
Typewritten Text
5/24/06



secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
Civil Structure

secharte
Typewritten Text
Roger Road ROMP

secharte
Typewritten Text
23

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
A.Martin

secharte
Typewritten Text
5/24/06



secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
Civil Structure

secharte
Typewritten Text
Roger Road ROMP

secharte
Typewritten Text
24

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
A.Martin

secharte
Typewritten Text
5/24/06





































































































Appendix B

Condition Assessment 
Data

Instrumentation Field Assessment









secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Pima County WMD















secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
T.Greif

secharte
Typewritten Text
MayJun/06



secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
T.Greif

secharte
Typewritten Text
MayJun/06



secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
MayJun/06

secharte
Typewritten Text
T.Greif



secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
MayJun/06

secharte
Typewritten Text
T.Greif



secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
MayJun/06

secharte
Typewritten Text
T.Greif



secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
MayJun/06

secharte
Typewritten Text
T.Greif



secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
MayJun/06

secharte
Typewritten Text
T.Greif



secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
MayJun/06

secharte
Typewritten Text
T.Greif



secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
MayJun/06

secharte
Typewritten Text
T.Greif



secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
MayJun/06

secharte
Typewritten Text
T.Greif



secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
MayJun/06

secharte
Typewritten Text
T.Greif



secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
MayJun/06

secharte
Typewritten Text
T.Greif



secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
MayJun/06

secharte
Typewritten Text
T.Greif



secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
MayJun/06

secharte
Typewritten Text
T.Greif



secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
MayJun/06

secharte
Typewritten Text
T.Greif



secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
MayJun/06

secharte
Typewritten Text
T.Greif



secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
MayJun/06

secharte
Typewritten Text
T.Greif



secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
MayJun/06

secharte
Typewritten Text
T.Greif



secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
MayJun/06

secharte
Typewritten Text
T.Greif



secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
MayJun/06

secharte
Typewritten Text
T.Greif



secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
MayJun/06

secharte
Typewritten Text
T.Greif



secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
MayJun/06

secharte
Typewritten Text
T.Greif



secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
MayJun/06

secharte
Typewritten Text
T.Greif



secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
MayJun/06

secharte
Typewritten Text
T.Greif



secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
MayJun/06

secharte
Typewritten Text
T.Greif



secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
MayJun/06







secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Pima County WMD



secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Pima County WMD



secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
MayJun/06

secharte
Typewritten Text
T.Greif



secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
MayJun/06

secharte
Typewritten Text
T.Greif



secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
MayJun/06

secharte
Typewritten Text
T.Greif



secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
MayJun/06

secharte
Typewritten Text
T.Greif



secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
MayJun/06

secharte
Typewritten Text
T.Greif





secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
MayJun/06

secharte
Typewritten Text
T.Greif





secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
T.Greif



secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
T.Greif



























secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
MayJun/06

secharte
Typewritten Text
T.Greif



secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
MayJun/06

secharte
Typewritten Text
T.Greif



secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
MayJun/06

secharte
Typewritten Text
T.Greif



secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
MayJun/06

secharte
Typewritten Text
T.Greif



secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
MayJun/06

secharte
Typewritten Text
T.Greif



secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
MayJun/06

secharte
Typewritten Text
T.Greif



secharte
Typewritten Text
ROMP

secharte
Typewritten Text
Instrumentation

secharte
Typewritten Text
Condition Assessment

secharte
Typewritten Text
Pima County WMD

secharte
Typewritten Text
MayJun/06

secharte
Typewritten Text
T.Greif

































Appendix B

Condition Assessment 
Data

Electrical Field Assessment Ina Road

























































































































Appendix B

Condition Assessment 
Data

Electrical Field Assessment Roger Road









































































































Pima County Regional Wastewater Reclamation Department 
Tucson, Arizona 

Pima County Regional Optimization Master Plan 

Regional Optimization Master Plan 
Final Report 

 
 

APPENDIX C 

ADEQ Letters 

 



Appendix C

ADEQ Letters

Roger Road Wastewater Reclamation Facility







Appendix C

ADEQ Letters

Ina Road Wastewater Reclamation Facility







Pima County Regional Wastewater Reclamation Department 
Tucson, Arizona 

Pima County Regional Optimization Master Plan 

Regional Optimization Master Plan 
Final Report 

 
 

APPENDIX D 

Regulatory Requirements 

 



Pima County Wastewater Management Department 
Tucson, Arizona 

Pima County Regional Optimization Master Plan 

Regional Optimization Master Plan 
Final Report 

Appendix D – Regulatory Requirements 
 
 

D-1 
 

Regulatory objectives for effluent quality are currently established by each facility’s AZPDES and APP permits.  
Limits in the AZPDES permits are driven by State Surface Water Quality Standards.  Limits in the APP permits 
are driven by numeric State Aquifer Water Quality Standards and BADCT requirements. 
 
Tabke D-1 and Tabke D-2 presented here summarize the regulatory requirements for Roger Road WRF and Ina 
Road WRF respectively. There are no significant permitting issues at Randolph Park WRF.  Regulatory 
requirements for each of outlying facilities are outlined in Table D-3
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  D-2 
 

Table D-1 
Roger Road WRF Regulatory Requirements 

Permit Effective Dates Key Issues Schedule Considerations Key Standards/Limits 

Aquifer 
Protection 

5/26/05 - Until 
plant is 
expanded or 
modified 

Compliance point: 
relocating monitoring well 
12 (away from influence 
of landfill). 
 
Compliance schedule for 
locating replacement 
monitoring well. 
 
Compliance with 1000' 
setback limits. 
 
Permit re-openers for 
future expansions may 
trigger new compliance 
point at WWTP effluent. 
 
BADCT concurrence with 
ADEQ. 
 
Need to filter vs. Soil 
Aquifer Treatment (SAT). 
 
Use of Central Arizona 
Project (CAP) water by 
Tucson may change 
background characteristic 
of wastewater. 

Compliance Schedule: 
Within 3 months of May 26, 2005 – 
supply map to Water Permits 
Section showing facility and 
location of replacement Point of 
Compliance (POC) well for W-12. 
 
Commence monthly monitoring at 
new well and continue for 8 
months. 
 
No later than July 31, 2006 and 
within 30 days of collecting last 
sample: Submit an amendment 
application with monitoring data, a 
proposed acceptable quality level 
(AQL) for nitrates, and one round 
of sampling results from an 
upgradient well. 
 
Modify APP when upgrading plant 
to meet AZPDES schedule. 

Current POCs are monitoring wells, using SAT. 
 
Plant expansion will be required to meet the 8 mg/L 
nitrate (Alert Level) at the WWTP effluent.  (Level of 
safety factor to be determined). 
 
Interim Nitrate as Nitrogen (Nitrate-N) for well 12 set 
to “not established” until new POC approved and 
sampled. 
 
Current AQL for monitoring well SC-01 at 18.6 mg/L 
for Nitrate-N due to natural nitrates in the aquifer.  
Alert level “not established”. 
 
Near to mid-term contaminant considerations:
Â Non-detect microbial levels (fecal or 

Escherichia coli (E. coli)). 
Â Total Organic Carbon (TOC) 
Â Trihalomethanes (THMs) 
Â Haloacetic acids (HAAs) 
Â Bromate 

 
Future contaminant considerations:
Â Salinity 
Â Endocrine Disruptors 
Â Pharmaceuticals 
Â N-nitrosodiumdimethylamine (NDMA) 
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Permit Effective Dates Key Issues Schedule Considerations Key Standards/Limits 

AZPDES 3/2/06 - 3/2/11 Current ammonia levels 
are 20-30 mg/L. 
 
Ammonia toxicity. 
 
Copper variance. 
 
Chlorine monitoring 
method. 
 
Metal translator study. 
 
Minimum flow from Ina 
Road. 
 
Regulations do not 
require a minimum 
amount of water in the 
river or the removal of 
water from the river, but 
must be consistent with 
PAG’s 208 Amendments, 
and satisfy public 
concerns over habitat.  

Copper compliance by 1/30/11. 
 
Ammonia: 
Eng. Design Review by 1/30/07. 
Construction contract award by 
1/30/11. 
Compliance by 1/30/15. 
 
Chlorine method investigation 
results by 9/30/06. 
 
Metal translators for future permit. 
(Water-effect ratio study on zinc 
and copper toxicity) 

Interim copper level 25 micrograms per liter (µg/L). 
 
2 mg/L ammonia standard expected. (Level of safety 
factor to be determined 
 
Current: Std.  Range
Chromium- 

Valence ;6 
(Cr VI) 11 ppb*  6 - 10 ppb 

Copper (Cu) 12.7 ppb 6 - 15 ppb 
Sulfide  100 ppb <0.2 ppb 
Cyanide  9.7 ppb <1 ppb 
Oil&Gr  Treat. Tech. <2 mg/L 
Bis-(2 ethylhexyl) 
phthalate 360 ppb <2 - 67 ppb 

*ppb = parts per billion 
 
Future:
 
Phosphorus (costs for removal?) 
Endocrine disruptors, pharmaceuticals. 
 
Toxicity Tests: 
Results and follow-up actions 

Reclaimed 
Water 

4/29/04 - 
4/20/09 

Need to upgrade to 
higher class? 
 
Use Tucson Water facility 
to meet higher class. 

Notice of Intent (NOI) by 1/20/09 to 
renew 

Class B 
 
Future:
Enhanced water quality standards not expected. 
Microbial fouling in distribution system 
Ultraviolet (UV) system efficiency 
Salinity (specific absorption rate (SAR)) 
CAP water importation 
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Permit Effective Dates Key Issues Schedule Considerations Key Standards/Limits 

Air Quality 5-year permit 
expires 2010 
 
 

Synthetic minor source 
permit for nitrogen oxide 
(NOX) and carbon 
monoxide (CO) 
Minor source for other 
criteria pollutants 
 
Permitted Equipment: 
WWTP processes 
nine – internal 
combustion (IC) engines, 
357 to 935 horsepower 
(hp) (digester and natural 
gas) 

 POTENTIAL TO EMIT (tons/year) 
NOX 59 
CO 84 
Volatile organic carbons (VOCs) 32 
Sulfur oxides (SOX)  
Particulate matter less than nanometers (PM10)  
Hazardous (halogenated) air pollution (HAP) 7 
 
Impacts of expanding/replacing plant: could 
potentially trigger major source - examine 
cost/benefits. 
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D-5 

Table D-2 
Ina Road WRF Regulatory Requirements 

Permit Effective Dates Key Issues Schedule Considerations Key Standards/Limits 

Aquifer 
Protection  

2/26/02 – Until 
plant is expanded 
or modified 

Archeological implications 
when breaking ground. 
 
Permit re-openers for 
future expansions may 
trigger new compliance 
point at WWTP effluent. 
 
BADCT concurrence with 
ADEQ. 

Compliance Schedule: 
Monitoring for pesticides and 
polychlorinated biphenyls 
(PCBs): 
 
Four consecutive quarters of 
monitoring for pesticides and 
PCBs 
 
If non detects (NDs), monitoring 
to cease; 
otherwise, 4 more quarters of 
monitoring for any pesticide or 
PCB exceeding Practical 
Quantitation Level (PQL) and 
below AWQS. 
 
Modify APP when upgrading 
plant to meet AZPDES schedule. 

Current POCs are monitoring wells, using SAT. 
 
Plant expansion will be required to meet the 8 mg/L 
nitrate (Alert Level) at the WWTP effluent. 
 
Near to Mid-term contaminant considerations:
Â Non-detect microbial levels (fecal or E. coli). 
Â TOC 
Â THMs 
Â HAAs 
Â Bromate 

 
Future contaminant considerations:
Â Salinity 
Â Endocrine Disruptors 
Â Pharmaceuticals 
Â NDMA 
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Permit Effective Dates Key Issues Schedule Considerations Key Standards/Limits 

AZPDES 1/2/06 - 1/2/10 Current ammonia levels 
are 20-30 mg/L. 
 
Fecal coli form violations. 
 
Total Residual Chlorine. 
 
Copper violations. 

Compliance schedules for 
ammonia and 
copper toxicity and 
chlorine variances. 
 
Chlorine monitoring 
investigation–Results by 9/30/06 
 
Ammonia Toxicity: 
Initial eng. study – 2/7/07 
First phase upgrade (BNRAS) – 
12/31/06 
Second phase contract award by 
12/31/10 
 
Ammonia variance until 1/30/14. 
 
Copper variance until 12/31/10. 

Current:
Std.     Range

Cu  11 ppb  15 - 20 ppb 
Chlorine (Cl2) 5 ppb  <0.05 mg/L 
Cyanide 9.7 ppb  <1 ppb 
Lead (Pb) 3.3 ppb 
Silver (Ag) 5.3 ppb 
Bis-(2 ethylhexyl) 
phthalate 360 ppb <2 - 5 ppb 
 
2 mg/L ammonia standard expected. 
 
Toxicity Tests: 
Â Results and follow-up actions 

 
Future:
Â Nutrients 
Â Endocrine disruptors, pharmaceuticals 
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Permit Effective Dates Key Issues Schedule Considerations Key Standards/Limits 

Reclaimed 
Water 

1/6/04 - 1/6/09 Need to upgrade to 
higher class? 
 
Microbial fouling in 
distribution system. 
 
Future reuse customer 
base. 

NOI by 10/26/08 to renew Two treatment trains: 
(1) 25 mgd - Class B 
(2) 12.5 mgd - Class B+  
 
Enhanced future standards not expected (e.g., point 
of use monitoring).  Arizona Class A, A+ among the 
highest standards in the nation. 
 
Potential benefits of upgrading to Class A or A+:  
Expanded customer base and end uses to include 
irrigation of food crops, school ground and residential 
landscape irrigation, vehicle washing, comm. closed 
loop A/C systems, etc. 
 
Future: 
Â Salinity Issues 



Pima County Wastewater Management Department 
Tucson, Arizona 

Pima County Regional Optimization Master Plan 

Regional Optimization Master Plan 
Final Report 

Appendix D – Regulatory Requirements 
 
 

 

D-8 

Permit Effective Dates Key Issues Schedule Considerations Key Standards/Limits 

Air Quality 5 year permit 
expires 2010 

Major source permit for 
NOX and CO 
 
Minor source for other 
criteria pollutants. 
 
Permitted Equipment: 
WWTP processes 
seven - 1000 hp IC 
engines (digester and 
natural gas) 
 
Issues common to Ina 
Rd., Roger Rd., and 
Green Valley Plants:
Opacity testing and limits 
acceptable. 
Sulfur content acceptable.
Hydrogen sulfide (H2S) 
testing and limits 
acceptable. 

Evaluate HAP emissions after 
future expansions  
 
Determine if additional controls 
are required to stay below 25 
tons/year. 
 
Common to Ina Rd., Roger Rd., 
and Green Valley Plants:
Permit may be reopened if new 
CAA requirements apply to this 
type of major source. 
 
Modifications: upgrades to facility 
may trigger permit modification. 
 
Additional emission controls and 
lean burn technologies likely 
required for new engines to 
comply within limits and Best 
Available Control Technology 
(BACT)/ Maximum Achievable 
Control Technology (MACT). 
 
More extensive emissions 
modeling required for WWTP 
processes in future -- consider 
during design phase?? 
 
Permit modification required if 
additional HAP standards 
promulgated by EPA. 

POTENTIAL TO EMIT (tons/year) 
NOX 581 
CO 2405 
VOCs 35 
SOX 112 
PM10 3 
HAPs 12 
 
Common to Ina Rd., Roger Rd., and Green Valley 
Plants:
Odor scrubbers 
H2S limit 0.03 mg/L for >30 minutes at fence line 
[separate project initiated to address compliance] 
 
Costs and benefits of upgrading to meet new 
emission standards versus value of power  
(e.g., from Tucson Electric Power). 
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Table D-3 
Non-Metro Facility Regulatory Requirements 

Permit Effective Dates Key Issues Schedule Key Standards/Limits 

AVRA VALLEY WWTF 

Aquifer 
Protection  

Feb 2007 - Until 
plant is expanded 
or modified 

Future disinfection 
considerations. 

Report use of emergency 
overflow basin within 5 days. 

Near to Mid-term contaminant considerations:
Â Non-detect microbial levels (fecal or E. coli) 
Â TOC 
Â THMs 
Â HAAs 
Â Bromate 

 
Future contaminant considerations:
Â Salinity 
Â Endocrine Disruptors 
Â Pharmaceuticals 
Â NDMA 

AZPDES 8/22/04 - 8/22/08 Future disinfection 
considerations. 
 
Emergency discharge to 
Black Wash. 

After 10 quarters of trace 
substances monitoring - can 
request reduction or elimination of 
requirements (with no 
exceedance of alert levels (ALs)) 

Current: Std.  Range
Cl2  5 ppb 
Cu  12.7 ppb 
 
Future:
2 mg/L ammonia standard expected 
Nutrients 
 
Toxicity Tests: 
Results and follow-up actions 
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Permit Effective Dates Key Issues Schedule Key Standards/Limits 

Reclaimed 
Water 

7/30/04 - 7/30/09 On-site only, minimal uses. 
 
6.2-mgd planned expansion 
with UV and filtration - 
application submitted. 

NOI by 3/30/09 to renew 
 

Class A+ Reclaimed Water when expansion 
completed (upgrade from B+). 
 
Future:
Enhanced water quality standards not expected. 
Microbial fouling in distribution system 
UV system efficiency 
Salinity (SAR) 

ARIVACA JUNCTION WWTF 

Aquifer 
Protection  

2/28/2003  Scheduled to close after 
completion of a 
gravity/pressure sewer line 
to Green Valley WWTF. 
 
66,000 gallons per day 
(gpd) aerated lagoon 

Sewer line to Green Valley   

Reclaimed 
Water 

5-year permit 
expires June 17, 
2008 

Effluent used to irrigate 
nearby pastureland 

 Class C 
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Permit Effective Dates Key Issues Schedule Key Standards/Limits 

CORONA DE TUCSON WWTF 

Aquifer 
Protection  

6/1/05 - Until plant 
is expanded or 
modified 

1st stage expansion: 
increase from 117,000 gpd 
(no discharge) to 300,000 
gpd with addition of 
mechanical aeration and 
SAT disposal (current APP 
is amendment to these 
upgrades).  SAT capability 
to meet nitrogen and 
coliforms is major issue. 
 
2nd stage expansion: 
500,000 gpd package plant 
oxidation ditch (Spring 
2007) 

Must meet the ALs for total 
nitrogen and coliforms (next 
column) starting seventh month 
following 1st stage (Dec 2005?)  

SAT intended to treat bacteria, nutrients, total 
suspended solids (TSS) and biochemical 
oxygen demand (BOD).  BADCT requires 
meeting levels of: 
 - 10 mg/L total nitrogen 
 - non-detect of coliforms 
at 31 ft deep Central Treatment Plant-03 
(CTP-03) piezometer station 
or construct a dentrification plant to replace the 
existing 0.3-mgd facility. 
 
Near to Mid-term contaminant considerations:
Â Non-detect microbial levels (fecal or 

E. coli). 
Â TOC 
Â THMs 
Â HAAs 
Â Bromate 

 
Future contaminant considerations:
Â Salinity 
Â NDMA 
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Permit Effective Dates Key Issues Schedule Key Standards/Limits 

GREEN VALLEY WWTF 

Aquifer 
Protection  

7/1/03 - Until plant 
is expanded or 
modified 

Modifications to original 
WWTP may trigger permit 
reopeners for future 
expansions and may trigger 
new compliance point at 
WWTP effluent. 
 
BADCT concurrence with 
ADEQ -- future 
modifications. 
 
2.1 mgd (old plant) 
2.0 mgd (new Biological 
Nutrient Removal Oxidation 
Ditch (BNROD)) 
Operated as two separate 
facilities - likely to continue? 
 
SAT used for nitrate (NO3) 
compliance. 

No compliance schedule issues. 8 mg/L nitrate (Alert Level) at the POC. 
Change in POC anticipated? 
 
BNROD Class A+: Turbidity limits 5 
nephelometric turbidity unit (NTU) (single), 2 (24 
hr); Non-detect enteric virus; fecal coliform 23 
colony forming units (CFU) (single) and non-
detect (4 of last 7 samples) at discharge. 
 
Near to Mid-term contaminant considerations:
Â Non-detect microbial levels (fecal or 

E. coli). 
Â TOC 
Â THMs 
Â HAAs 
Â Bromate 

 
Future contaminant considerations:
Â Salinity 
Â Endocrine Disruptors 
Â Pharmaceuticals 
Â NDMA 
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Permit Effective Dates Key Issues Schedule Key Standards/Limits 

AZPDES 8/22/04 - 8/22/08 Future disinfection 
considerations. 
 
Emergency backup storage.

After 10 quarters of trace 
substances monitoring - can 
request reduction or elimination of 
requirements (with no 
exceedance of ALs) 

Current: Std.  Range
Cl2  5 ppb 
Cu  12.7 ppb 
Ag  5.3 ppb 
Cr VI  11 ppb 
 
Future:
2 mg/L ammonia standard expected 
Nutrients 
 
Toxicity Tests: 
Results and follow-up actions 

Reclaimed 
Water 

12/28/04 - 12/28/09  
 

NOI by 9/28/09 to renew WWTF (2.1 mgd): Class B  
 
BNROD (2.0 mgd):  
Class A+ (with filters) 
Class B+ (without filters) 
 
Future:
Enhanced future standards not expected. 
Microbial fouling in distribution system. 
UV system efficiency. 
Salinity (SAR) 
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Permit Effective Dates Key Issues Schedule Key Standards/Limits 

Air Quality 5-year permit 
originally expired 
2005 and has been 
administratively 
continued. 

Synthetic minor source 
permit for NOX and CO 
Minor source for other 
criteria pollutants 
 
Permitted Equipment: 
WWTP processes 
on - IC engines, 378 hp  
emergency portable 
generator (500 hours/year 
restriction) 

 POTENTIAL TO EMIT (tons/year) 
NOX 51 
CO 11 
VOCs 4 
SOX 3 
PM10 4 
HAPs NEGLIGIBLE 
 

MARANA WWTF 

Aquifer 
Protection  

11/22/06 - Until 
plant is expanded 
or modified 

3 X 50,000 gpd packaged 
BNR extended aeration 
plants. 
4th 50,000 gpd unit planned 
for 2005. 
Lagoons used for 
emergency storage. 
 
Groundwater monitoring not 
required unless discharges 
to emergency storage basin 
exceed limit. 
 
0.5-mgd Biolac system 
constructed Spring 2007. 

Modify APP when upgrading plant 
to meet AZPDES schedule 
 
Discharge to emergency storage 
basin limited to 90 days per year, 
otherwise monitoring well will be 
required.  

Near to Mid-term contaminant considerations:
Non-detect microbial levels (fecal or E. coli). 
TOC 
 
Future contaminant considerations:
Salinity 
NDMA 
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Permit Effective Dates Key Issues Schedule Key Standards/Limits 

AZPDES 5/25/06 – 5/25/11 New permit needed.  Future:
2 mg/L ammonia standard expected 
Nutrients (phosphorus). 
 
Toxicity Tests: 
Results and follow-up actions 

Reclaimed 
Water 

7/18/2005 - 
7/14/2010 

 NOI by 4/14/10 to renew Class B+ 
 
Future:
Enhanced future standards not expected. 
Microbial fouling in distribution system. 
UV system efficiency. 
Salinity (SAR) 
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Permit Effective Dates Key Issues Schedule Key Standards/Limits 

RILLITO VISTA WWTF; FAIRGROUNDS; MT. LEMMON WWTF 

Aquifer 
Protection  

General Permits:
Rillito Vista 
9/16/1994 – LIFE 
 
Fairgrounds 
4/4/1996 – LIFE 
 
Mt Lemmon 
1/25/1999 – LIFE 

Rillito Vista: no major 
issues. 
 
Fairgrounds: 3,000 gpd 
evaporation pond; no major 
issues. 
 
Mt. Lemmon: 12,500 gpd 
package plant oxidation 
ditch; experiences freezing 
temperatures in winter. 

  

AZPDES 2/10/06 - 12/31/10 
(Mt. Lemmon only) 

Variances for copper, zinc. 
 
Assessment monitoring for 
trace substances and WET. 
 
ALs for trace metals. 
 
Cultural resources survey 
may be needed if breaking 
ground. 

Copper and zinc variances until 
12/31/10. 
 
 

Interim levels for copper (50 µg/L) and 
zinc (270 µg/L). 
 
Future:
2 mg/L ammonia standard expected 
Nutrients 
 
Toxicity Tests: 
Results and follow-up actions 
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As part of the Pima County Wastewater Treatment System Capacity Management, Nutrient Removal, 
Solids Handling/Treatment and CIP Development Study, individual interviews were conducted with 
various stakeholders at the beginning of the Study to gather their views and input for evaluation during 
the study.  Each interview varied from one-half hour to over one hour depending on the individual.  Key 
questions asked in every interview were: 

Â What will success look like? 
Â What are the goals and needs? 
Â What needs to happen for success? 
Â What are the three most difficult/important issues that have to be worked through? 
Â What issues can be addressed with confidence; with no confidence? 
Â What has worked well; what hasn't? 
Â What additional topics need to be addressed in each of the workshops? 

Results of these interviews are compiled and used as part of the evaluation of study alternatives. 
 
List of names interviewed is provided below. 

List of Stakeholders to be Interviewed 
PCWMD
 
Administration/Engineering 
1. Michael Gritzuk, Director 
2. Paul Bennett, Assistant Director - Engineering 
3. Michael Bunch, Assistant Director - Conveyance 
4. Jackson Jenkins, Assistant Director  - Treatment Plant O&M 
5. Jeff Nichols, Assistant Director  - Controller 
6. Eric Wiederwilt, Chief Engineer 
7. John Munden, PM/Engineering 
8. Ron Riska, PM Regional Optimization Study 
9. Frank Luiz, Engineering Design 
 
Roger Road WWTP 
10. Helen Rhudy, Manager - Roger Road WWTP 
11. John Sherlock, Operations Supervisor - Roger Road WWTP 
12. Jack Van Riper, Maintenance Supervisor - Roger Road WWTP 
 
Ina Road WPCF 
13. Jim Doyle, Manager - Ina Road WPCF 
14. David Garrett, Operations Supervisor - Ina Road WPCF 
15. Paul Jordan, Maintenance Supervisor - Ina Road WPCF 
 
Outlying Treatment 
16. Frank Gall 
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Planning 
17. Ed Curley 
18. Bill Richardson 
 
Others 
19. Stewart Spaulding, Power 
20. John Warner, Richey Road Operations (Conveyance)  
21. Byron McMillan, Permits 
22. Laura Fairbanks, Public Relations 
23. Harlan Agnew, Legal 
 
Tucson Water 
24. Dave Modeer 
25. Melodee Loyer 
26. Mitch Basefsky 
 
Oro Valley Water 
27. David Ruiz 
 
Metro Water 
28. Mark Stratton 
 
Pima County 
29. Chuck Hucklelberry, County Administrator 
30. John Bernal, Deputy County Administrator Public Works 
31. Kathy Chavez, Flood Control District 
 
After the list of stakeholders was confirmed for an interview, the interview process began by contacting 
each individual and arranging a time for a face-to-face or telephone interview.  After each interview the 
comments during the interview were summarized.  The summarized interviews were evaluated for major 
trends, reoccurring themes or issues, and other important items that would be of value to the study.   

Summary of Interview Comments  
A general summary of the interviews is divided into four categories -- planning, stakeholder buy-in, 
decision making and technical challenges.  Items in bold are regarded to be of higher importance than the 
other items listed in the summary. 

Â Planning 
− Need long-term plan that integrates all wastewater aspects for the benefit of the whole 

community 
− Need a short-term plan that addresses critical issues and decisions so “on-hold” 

improvements can proceed 
− Lack of consistency in how planning is done by member and regulatory agencies 
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Â Stakeholder Buy-In 
− Satisfying all interests related to the Roger Road plant operation and associated wetland 

and riparian habitat impacts will be challenging 
− Need to build trust between the Pima County Board and PCWMD.  Recent PCWMD 

management change seen as positive for culture 
− Need to address odor issues quickly to gain community trust 
− Need buy-in at all levels, staff, the Board, local agencies, and regulatory agencies 
− The stakeholder workshop approach is good 
− Public doesn’t understand the difference and impacts of managed recharge vs. constructed 

recharge on water rights 
 
Â Decision Making 

− Final recommendations need to allow maximum flexibility in balancing funding with 
regulatory requirements and needs 

− Wastewater/Reuse/Water planning decisions need to be coordinated and made 
holistically 

− There is confidence that the best technical solution can be identified but that the 
regulatory deadlines will be missed due to procurement decisions/procedures 
Have procedures to prevent backsliding of decisions after workshops − 

− There are differing perspectives at all levels as to the drivers for decisions 
 
Â Technical Challenges 

− Sizing of the Interconnect pipeline between Ina and Roger Road plants 
− Alternative methods for biosolids disposal due to shrinking land availability 

conservation and gray water use 

Specific Major Trends 
d in a number of the interviews are represented as a major trend for 

. 

Â The study needs to provide a long term plan that integrates aspects of wastewater conveyance, 

 
Â To be successful, the study must obtain the buy-in of the Board of Supervisors, Tucson Water, Oro 

 
Â The study must address the key reuse issues of who owns and operates reclamation treatment 

med 

Water/wastewater/reuse need to be considered together, not separately. 

− Site and setback issues at Ina Road plant 
− Increase in influent wastewater concentrations due to 

Specific comments repeate
consideration.  The comments often repeated and deemed important to the plan are noted below
 

treatment, reuse, and biosolids for the good of the community as a whole. 

Valley, Marana, the Sonora Desert Conservation plan, the Bureau of Reclamation and ADEQ. 
Consistency of planning among these entities is an issue. 

facilities, where the reclaimed water will be delivered, whose water is it, what quality of reclai
water is produced and direct recharge vs. other forms of reclamation/reuse. 
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Â t downstream of Roger 

Road are likely to encounter public, environmentalist and political resistance.  Multiple use type 

 
Â dor-related and would go away if odors 

controlled. 
 
Â rspectives of study drivers for plant location, capacities and conveyance system – long 

term growth patterns vs. shorter term cost effective facilities.  
 
Â cted recharge vs. managed 

recharge as it relates to the wetlands and riparian habitat and the ability to obtain CAP water 

 
Â f distrust of the wastewater department by the Board of Supervisors.  A 

proactive program to build Board buy-in throughout the study will be needed to overcome this 

 
Â g a single package with a huge price tag is not likely to be effective with the Board. 

Phased projects with choices to be made by the Board will be more effective. 
 
Â 

 There is no confidence 
that the County system of procurement and project implementation can complete the planning, 

 
Â y and staffing 

needs at Ina Road and Roger Road plants and what is to be done with the interconnecting pipeline 

 
Â cting pipeline to cope with the large diurnal flow variations at Roger Road 

and pipeline routing issues will be challenges associated with transferring Roger Road flow to Ina 

 
Â t that water conservation and gray water use will increase influent wastewater 

concentrations needs to be considered in treatment process evaluations. 
 
Â  accelerated. There are 

concerns about loss of current land application sites to development. 
 
Â Ina Road. 

Alternatives that would adversely affect the wetlands and riparian habita

projects are more acceptable to the community. 

Community objections to Roger Road plant are o

Differing pe

There is a lack of public understanding of the effects of constru

during a drought. 

There is a history o

history. 

Presentin

Address odor problems as quickly as possible to gain public confidence. 
 
Â There is confidence that the study can identify the best technical solution.

design and construction of the facilities in time to meet the regulatory deadlines. 

A short term plan is needed as quickly as possible to address the immediate facilit

so that so that the plants remain in compliance with treatment requirements during the 8-9 years 
before any significant new facilities can be placed in service. Funding is in place for rehab projects 
so just need direction. 

Sizing of the interconne

Road. 

The fac

The development of alternative methods of biosolids disposal needs to be

Site and setback issues are significant when considering expansion at 
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Â Funding of the needed projects and the related rate structure is a major concern. 

 
Â There is a history of backsliding on decisions – documentation of workshop decisions with 

appropriate signoffs will be needed. 
 
Â  all levels of County staff and involving other affected 

entities is a good one. 
 
Â e County culture is slowly changing for the better to allow more 

participation of all levels affected by decisions. Recent changes in wastewater department 
re. 

 
The int he 

lan. 

The approach of workshops involving

There is a sense that th

management are viewed favorably and there is a cautious air of optimism about the futu

erview information will be applied in areas where appropriate to strengthen the outcome of t
p
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As part of the Pima County Wastewater Treatment System Capacity Management, Nutrient Removal, 
Solids Handling/Treatment and CIP Development Study, individual interviews were conducted with 
various stakeholders at the beginning of the Study to gather their views and input for evaluation during 
the study.  Each interview varied from one-half hour to over one hour depending on the individual.  Key 
questions asked in every interview were: 

Â What will success look like? 
Â What are the goals and needs? 
Â What needs to happen for success? 
Â What are the three most difficult/important issues that have to be worked through? 
Â What issues can be addressed with confidence; with no confidence? 
Â What has worked well; what hasn't? 
Â What additional topics need to be addressed in each of the workshops? 

Results of these interviews are compiled and used as part of the evaluation of study alternatives. 
 
List of names interviewed is provided below. 

List of Stakeholders to be Interviewed 
PCWMD
 
Administration/Engineering 
1. Michael Gritzuk, Director 
2. Paul Bennett, Assistant Director - Engineering 
3. Michael Bunch, Assistant Director - Conveyance 
4. Jackson Jenkins, Assistant Director  - Treatment Plant O&M 
5. Jeff Nichols, Assistant Director  - Controller 
6. Eric Wiederwilt, Chief Engineer 
7. John Munden, PM/Engineering 
8. Ron Riska, PM Regional Optimization Study 
9. Frank Luiz, Engineering Design 
 
Roger Road WWTP 
10. Helen Rhudy, Manager - Roger Road WWTP 
11. John Sherlock, Operations Supervisor - Roger Road WWTP 
12. Jack Van Riper, Maintenance Supervisor - Roger Road WWTP 
 
Ina Road WPCF 
13. Jim Doyle, Manager - Ina Road WPCF 
14. David Garrett, Operations Supervisor - Ina Road WPCF 
15. Paul Jordan, Maintenance Supervisor - Ina Road WPCF 
 
Outlying Treatment 
16. Frank Gall 
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Planning 
17. Ed Curley 
18. Bill Richardson 
 
Others 
19. Stewart Spaulding, Power 
20. John Warner, Richey Road Operations (Conveyance)  
21. Byron McMillan, Permits 
22. Laura Fairbanks, Public Relations 
23. Harlan Agnew, Legal 
 
Tucson Water 
24. Dave Modeer 
25. Melodee Loyer 
26. Mitch Basefsky 
 
Oro Valley Water 
27. David Ruiz 
 
Metro Water 
28. Mark Stratton 
 
Pima County 
29. Chuck Hucklelberry, County Administrator 
30. John Bernal, Deputy County Administrator Public Works 
31. Kathy Chavez, Flood Control District 
 
After the list of stakeholders was confirmed for an interview, the interview process began by contacting 
each individual and arranging a time for a face-to-face or telephone interview.  After each interview the 
comments during the interview were summarized.  The summarized interviews were evaluated for major 
trends, reoccurring themes or issues, and other important items that would be of value to the study.   

Summary of Interview Comments  
A general summary of the interviews is divided into four categories -- planning, stakeholder buy-in, 
decision making and technical challenges.  Items in bold are regarded to be of higher importance than the 
other items listed in the summary. 

Â Planning 
− Need long-term plan that integrates all wastewater aspects for the benefit of the whole 

community 
− Need a short-term plan that addresses critical issues and decisions so “on-hold” 

improvements can proceed 
− Lack of consistency in how planning is done by member and regulatory agencies 
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Â Stakeholder Buy-In 
− Satisfying all interests related to the Roger Road plant operation and associated wetland 

and riparian habitat impacts will be challenging 
− Need to build trust between the Pima County Board and PCWMD.  Recent PCWMD 

management change seen as positive for culture 
− Need to address odor issues quickly to gain community trust 
− Need buy-in at all levels, staff, the Board, local agencies, and regulatory agencies 
− The stakeholder workshop approach is good 
− Public doesn’t understand the difference and impacts of managed recharge vs. constructed 

recharge on water rights 
 
Â Decision Making 

− Final recommendations need to allow maximum flexibility in balancing funding with 
regulatory requirements and needs 

− Wastewater/Reuse/Water planning decisions need to be coordinated and made 
holistically 

− There is confidence that the best technical solution can be identified but that the 
regulatory deadlines will be missed due to procurement decisions/procedures 
Have procedures to prevent backsliding of decisions after workshops − 

− There are differing perspectives at all levels as to the drivers for decisions 
 
Â Technical Challenges 

− Sizing of the Interconnect pipeline between Ina and Roger Road plants 
− Alternative methods for biosolids disposal due to shrinking land availability 

conservation and gray water use 

Specific Major Trends 
d in a number of the interviews are represented as a major trend for 

. 

Â The study needs to provide a long term plan that integrates aspects of wastewater conveyance, 

 
Â To be successful, the study must obtain the buy-in of the Board of Supervisors, Tucson Water, Oro 

 
Â The study must address the key reuse issues of who owns and operates reclamation treatment 

med 

Water/wastewater/reuse need to be considered together, not separately. 

− Site and setback issues at Ina Road plant 
− Increase in influent wastewater concentrations due to 

Specific comments repeate
consideration.  The comments often repeated and deemed important to the plan are noted below
 

treatment, reuse, and biosolids for the good of the community as a whole. 

Valley, Marana, the Sonora Desert Conservation plan, the Bureau of Reclamation and ADEQ. 
Consistency of planning among these entities is an issue. 

facilities, where the reclaimed water will be delivered, whose water is it, what quality of reclai
water is produced and direct recharge vs. other forms of reclamation/reuse. 
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Â t downstream of Roger 

Road are likely to encounter public, environmentalist and political resistance.  Multiple use type 

 
Â dor-related and would go away if odors 

controlled. 
 
Â rspectives of study drivers for plant location, capacities and conveyance system – long 

term growth patterns vs. shorter term cost effective facilities.  
 
Â cted recharge vs. managed 

recharge as it relates to the wetlands and riparian habitat and the ability to obtain CAP water 

 
Â f distrust of the wastewater department by the Board of Supervisors.  A 

proactive program to build Board buy-in throughout the study will be needed to overcome this 

 
Â g a single package with a huge price tag is not likely to be effective with the Board. 

Phased projects with choices to be made by the Board will be more effective. 
 
Â 

 There is no confidence 
that the County system of procurement and project implementation can complete the planning, 

 
Â y and staffing 

needs at Ina Road and Roger Road plants and what is to be done with the interconnecting pipeline 

 
Â cting pipeline to cope with the large diurnal flow variations at Roger Road 

and pipeline routing issues will be challenges associated with transferring Roger Road flow to Ina 

 
Â t that water conservation and gray water use will increase influent wastewater 

concentrations needs to be considered in treatment process evaluations. 
 
Â  accelerated. There are 

concerns about loss of current land application sites to development. 
 
Â Ina Road. 

Alternatives that would adversely affect the wetlands and riparian habita

projects are more acceptable to the community. 

Community objections to Roger Road plant are o

Differing pe

There is a lack of public understanding of the effects of constru

during a drought. 

There is a history o

history. 

Presentin

Address odor problems as quickly as possible to gain public confidence. 
 
Â There is confidence that the study can identify the best technical solution.

design and construction of the facilities in time to meet the regulatory deadlines. 

A short term plan is needed as quickly as possible to address the immediate facilit

so that so that the plants remain in compliance with treatment requirements during the 8-9 years 
before any significant new facilities can be placed in service. Funding is in place for rehab projects 
so just need direction. 

Sizing of the interconne

Road. 

The fac

The development of alternative methods of biosolids disposal needs to be

Site and setback issues are significant when considering expansion at 
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Â Funding of the needed projects and the related rate structure is a major concern. 

 
Â There is a history of backsliding on decisions – documentation of workshop decisions with 

appropriate signoffs will be needed. 
 
Â  all levels of County staff and involving other affected 

entities is a good one. 
 
Â e County culture is slowly changing for the better to allow more 

participation of all levels affected by decisions. Recent changes in wastewater department 
re. 

 
The int he 

lan. 

The approach of workshops involving

There is a sense that th

management are viewed favorably and there is a cautious air of optimism about the futu

erview information will be applied in areas where appropriate to strengthen the outcome of t
p
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Meeting Notes – August 2, 2006 
Reclaimed Water System Alternatives 

As part of the Pima County Regional Optimization Master Plan program, a subcommittee of Tucson 
Water and PCWMD staff was formed to consider the integration of reclaimed water into the alternative 
analysis of the regional system configurations.  The subcommittee met on August 2, 2006 to discuss a 
range of reclaimed water issues and address the 13 reclaimed water alternatives developed in Workshop 
#2 – Reuse/Flow Transfer.  Attendees of the meeting were: 
 
 Tucson Water PCWMD Greeley and Hansen 
 Melodee Loyer Steve Munsell Jerry Bish 
 Sandy Elder Ron Riska 
 Tim Thomure 
 Dean Trammel 
 
A summary of the meeting discussions and comments are provided below. 
 
1. As a result of the meeting, there were three universally agreed upon position statements by the 

subcommittee: 
 

Â Tucson Water will continue to operate the Sweetwater recharge/recovery facilities and wetlands 
indefinitely.  The recharge/recovery facilities are required to meet peak reclaimed water 
demands now and in the future. 

Â The 20-mgd capacity at Roger Road WWTP is one scenario being evaluated by Pima County 
Wastewater Management Department.  Tucson Water has plans to work with the County on 
whatever option the County adopts regarding flow split between the two facilities. 

Â Tucson Water plans to make use of its ten acres at the Ina Road WPCF for reclaimed water 
facilities, as provided for in the 1979 IGA. 

 
2. For future (2030) reclaimed water needs in Pima County, Tucson Water would ideally like to have its 

allocated average daily flow share of the effluent (at Class A+ quality) split between two locations 
with 30mgd, plus or minus, at Roger Road WWTP and 20 mgd, plus or minus, at Ina Road WPCF.  
In addition, up to 3 mgd of reclaimed water would be available from Randolph Park WRF. 

  
The above effluent allocation does not include possible additional flows for Metro Water, Oro Valley 
Water, Pima County, SAWRSA or any other entity who may be interested in wheeling water through 
the reclaimed system. 
 
30 mgd at Roger Road WWTP will serve the Sweetwater recharge/recovery facilities with a future 
capacity of up to 20,000 AF/yr, Sweetwater wetlands, booster pump station that feeds the reclaimed 
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water distribution system, and groundwater augmentation at some future date.  At times, under certain 
operational conditions, some of the 30 mgd could be released to the Santa Cruz River. 
 
20 mgd at Ina Road WPCF (at Class A+ quality) would serve a booster pump station that feeds the 
reclaimed water distribution system.  At times and under certain conditions, some or all of that 20 
mgd could be released to the Santa Cruz River. 

 
3. Recharge and recovery facilities at Sweetwater are currently rated at 6,500 AF/yr and are being 

expanded to 10,000 AF/yr.  The ultimate build out of the recharge and recovery facilities at 
Sweetwater would increase the capacity to 20,000 AF/yr. The build out would occur in steps or stages 
as demands require. 

 
4. Tucson Water plans to construct a reclaimed water pump station and reservoir at the Ina Road WPCF 

site.  The earliest date for startup after construction would be five years.  The facility would likely be 
about 20 mgd, depended on customer demands. 

 
If the facilities are constructed prior to the construction of the wastewater upgrades to NdeN facilities 
at Ina Road WPCF (as stated above), then at a minimum filtration will be required until the new 
NdeN facilities are constructed (approximately four years).  If possible, Tucson Water would like to 
use the discharge from the BNRAS facility at Ina Road WPCF because of the better water quality.  
This may not be possible because of the plant discharge permit requirements (blended effluent). 

 
5. Sweetwater wetlands will remain at Roger Road.  When the effluent from Roger Road WWTP is 

upgraded to Class A+, the filtration plant at the Roger Road Reclaimed Water Facility will be 
decommissioned and the filter backwash will be discontinued.  To sustain the wetlands, Class A+ 
effluent from Roger Road WWTP or perhaps backwash from the filters at the Roger Road WWTP 
would be utilized.  This will require additional review after the system configuration and unit 
processes are determined for Roger Road WWTP. 

 
6. At some future date, effluent may be treated to drinking water standards for purposes of groundwater 

augmentation.  The facilities to treat the effluent will likely be located at the Roger Road facility on 
City or County property.  Planning will need to include space for the potential of this future facility. 

 
7. Tucson Water has evaluated the reclaimed water system needs for the 2030 condition under each of 

the regional system configuration options (using Class A+ quality only) – existing plan, transfer 
some and transfer all. In addition, they evaluated a transfer none option.  These scenarios would be 
altered significantly if effluent is not Class A+ quality. 

 
Current features of the reclaimed water system configuration are shown on the attached Present 
Conditions schematic. Salient features required for each system configuration option are described 
below.  A schematic of each system configuration option is attached. 
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Â Existing Plan (Roger Road WWTP (RR) 32 mgd; Ina Road WPCF (IR) 50 mgd): 
System configuration option requires additional effluent pumping at Roger Road WWTP and 
construction of effluent pumping (20 + mgd capacity), disinfection, storage reservoir and 
booster pumping at Ina Road WPCF.  Flow to the Santa Cruz River at Roger Road WWTP will 
need to be addressed in order to determine facility size at Ina Road, as well as adequacy of 
24-inch line to transfer needed flows.  (See attached schematic: X-fer Some RR = 32-mgd.) 

Â Transfer Some (RR 20 mgd; IR 62 mgd): 
System configuration option requires construction of effluent pumping (30 + mgd capacity), 
disinfection, storage reservoir and booster pumping station at Ina Road WPCF and a reclaimed 
water transfer main between Roger Road and Ina Road (up to 10 mgd could flow through an 
existing reclaimed water distribution main but an additional flow of up to 7 mgd or more may 
have to be transferred for discharge to the Santa Cruz River).  (See attached schematic: X-fer 
More RR = 20 mgd.) 

Â Transfer All (RR 0 mgd; IR 82 mgd): 
System configuration option requires construction of effluent pumping, disinfection, storage 
reservoir and booster pumping station at Ina Road WPCF and a reclaimed water transfer main 
between Roger Road and Ina Road.  Pumping capacity will be at least 50 + mgd and transfer 
main capacity at 30 mgd (plus additional flow to be discharged at Roger Road WWTP into the 
Santa Cruz River).  (See attached schematic: X-fer All.) 

Â Transfer None (RR 60 mgd; IR 22 mgd): 
System configuration option requires additional effluent pumping at Roger Road WWTP and 
construction of effluent pumping (20 + mgd capacity), disinfection, storage reservoir and 
booster pumping at Ina Road WPCF.  Discharge from Roger Road WWTP will be available to 
the Santa Cruz River.  (See attached schematic: X-fer None.) 

 
8. Subcommittee comments on the 13 reclaimed water alternatives developed in Workshop # 2 – Reuse/ 

Flow Transfer are provided in items 8.1 through 8.13 below.  The description of the alternative is 
provided with the subcommittee comments following in italicized type. 

 
8.1. Base case – Roger Road WWTP remains in operation at 32 mgd with the Sweetwater 

Recharge/Recovery Facilities. 
a. Reclaimed water system centered at Roger Road WWTP with recharge basins 

(underground storage) in service. 
This alternative meets the future requirements for reclaimed water flow at Roger Road as 
long as there is no minimum discharge required to the Santa Cruz, but does not meet the 
20-mgd requirement at Ina Road.  This is not a suitable alternative. 

b. Reclaimed water system centered at Roger Road WWTP with recharge basins 
(underground storage) in service and additional new supply provided from Ina Road WPCF 
Meets the Tucson Water’s reclaimed water requirements for pumping capacity and storage.  
Minimal infrastructure required to implement. 

c. Reclaimed water system centered at Roger Road WWTP, reclaimed basins 
decommissioned and additional new supply provided from Ina Road WPCF. 
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Without underground storage, Tucson Water will be unable to meet peak summer demands.  
This is not a suitable alternative. 

 
8.2. Roger Road WWTP size is reduced to optimize utilization of the existing infrastructure for 

future needs (20 mgd).  (Scalping facility or with some discharge to the Santa Cruz River?) 
a. Reclaimed water system centered at Roger Road WWTP with recharge basins 

(underground storage) in service.  Some flow released to Santa Cruz River. 
Insufficient quantities at Roger Road WWTP to meet future reclaimed water system 
demands of Tucson Water.  This is not a suitable alternative. 

b. Reclaimed water system centered at Roger Road WWTP with recharge basins 
(underground storage) in service and additional new supply provided by Ina Road WPCF.  
Some flow released to the Santa Cruz River. 
Meets Tucson Water’s reclaimed water requirements, but requires pumpback of at least 
10 mgd from Ina Road WPCF to Roger Road WWTP to meet reuse water demands plus 
additional flow for the Santa Cruz River. 

c. Scalping plant scheme -- reclaimed water system centered at Roger Road WWTP, recharge 
basins (underground storage) in service.  No flow released to the Santa Cruz River from 
Roger Road WWTP. 
Same as 8.2.a above.  Insufficient quantities at Roger Road WWTP to meet future 
reclaimed water system demands of Tucson Water plus Zero discharge to the Santa Cruz 
River may not be acceptable. This is not a suitable alternative. 

 
8.3. All reclaimed water is produced at Ina Road WPCF.  Roger Road WWTP is eliminated and 

Sweetwater Facilities are eliminated.  Tucson Water or the County builds Sweetwater like 
facilities at or near Ina Road WPCF. 
a. Reclaimed water from plant.  No underground storage. 

Underground storage facilities are required to meet seasonal demands.  This is not a 
suitable alternative. 

b. Reclaimed water from plant with underground storage. 
Constructing new underground storage for reclaimed water may be possible, but Tucson 
Water is committed to the proven underground storage facilities at Roger Road WWTP.  
Building new underground storage facilities for reclaimed water service would be 
extremely costly and is not feasible in many areas. 

 
8.4. Ina Road WPCF produces reclaimed water and the Sweetwater Recharge and Recovery 

Facilities remain in operation next to Roger Road WWTP. 
Meets Tucson Water’s reclaimed water needs, but requires pumpback of at least 30 mgd from 
Ina Road WPCF to Roger Road WWTP to meet reuse water demands. 

 
8.5. Randolph Park WRF remains at existing 3-mgd capacity. 
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Tucson Water is supportive of keeping the Randolph Park WRF.  This facility provides low flow 
demands in the reclaimed water system in the winter and is an additional source or reclaimed 
water, although small. 

 
8.6. Randolph Park WRF expands to a greater capacity than 3 mgd. (This does not appear viable 

because of the limited service area connected with the plant.) 
Expansion of the Randolph WRF is limited by the maximum collection system capacity associated 
with the plant and the limited site for expansion of the plant. This is a very unlikely alternative. 

 
8.7. Abandon Randolph Park WRF. 

This is possible but unlikely for three reasons. 1) The County has a significant new investment 
in the facilities, 2)  the volume provided to Tucson Water would have to be made up somewhere 
else, and 3) the County risks losing favorable wheeling rate charges associated with their share 
of the reclaimed water discharged from the facility. 
 

8.8. Satellite wastewater treatment (scalping?) plants in the outlying areas are upgraded to reclaimed 
water quality and are used by Tucson Water to augment the reclaimed water system. 
At this time there is not an overarching plan by Tucson Water for reclaimed water in the 
outlying areas.  Reclaimed water opportunities will be evaluated on a case-by-case basis 
considering the effluent water rights, economics, environmental impacts and other factors. 
 

8.9. Santa Cruz River recovery is increased by constructed versus managed recharge systems. 
This alternative relates to keeping the effluent discharge water in the County. Provided Tucson 
Water can received its 2030 effluent allocations at Roger Road and Ina Road as stated in item 
2 above, this is not a consideration of this study. 
 

8.10. Connect all outlying facilities to either Roger Road WWTP or Ina Road WPCF. 
There are advantages and disadvantages to Tucson Water’s overall objectives for reclaimed 
water by connecting outlying facilities to the two metro plants.  There does not seem to be a 
compelling issue from the reclaimed water perspective to connect the outlying facilities.  This 
option may, however, resolve lingering effluent ownership questions. 
 

8.11. Provide an independent Southlands treatment facility with reclaimed water provisions. 
The response to this alternative is similar to item 8.8 above. Reclaimed water opportunities will 
be evaluated on a case-by-case basis considering the effluent water rights, economics, 
environmental impacts and other factors. It was suggested that the current HAMP model 
appears to be working in addressing issues regarding reclaimed water and other 
water/wastewater issues. 
 

8.12. Expand Roger Road WWTP to provide effluent for Tucson Water use at a higher elevation. 
Future use may include transport and treatment to near potable water quality and percolation at 
Avra Valley recharge facilities. Tucson Water is supportive of this alternative.  This capitalizes on 
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the reclaimed water assessments that Tucson Water has constructed and plans to utilize in the 
future.  This option will also eliminate the need to pump reclaimed water back to Roger Road. 
 

8.13. Provide potable quality reclaimed water for groundwater augmentation. 
This is discussed in item 6 above.  Space for future facilities will likely need to be provided at 
Roger Road. 
 

The subcommittee review of the reclaimed water alternatives is summarized below. 
 
Â Tucson Water can work with Pima County to make the system configuration options work for 

their future needs. 
Â Some alternatives, like the existing plan and expand the capacity of Roger Road WWTP, fit the 

future of the reclaimed water system better than others (transfer some and transfer all). Features to 
comply with the various alternatives at Class A+ water quality are provided in Item 7 above. 

Â In all cases the underground storage and recovery of reclaimed water is required and that facility 
will be located at Roger Road. 

Â The existing Randolph Park WRF at 3 mgd should continue operation into the future. 
Â Reclaimed water operations/utilization basis for the outlying facilities will be decided on a case-

by-case basis.  The current HAMP cooperative approach appears to be an appropriate model. 
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Enhanced Chlorination/De-Chlorination Evaluation 
Scoping Session Workshop 

Meeting Notes 
 
1. The Enhanced Chlorination/De-Chlorination Evaluation Scoping Session Workshop with regard to 

the disinfection of the effluent wastewater for Pima County Regional Optimization Master Plan was 
held on March 15, 2007.  The agenda is attached.  The following were in attendance: 

 
PCWMD 
Director 

Michael Gritzuk 
Deputy Directors 

Paul Bennett 
Mike Bunch 
Jackson Jenkins 

PCWMD Staff 
Gary Blomstrom 
Jim Doyle 
Laura Fairbanks 
Dave Garrett 
Byron McMillan 
Jeff Prevatt 
Ron Riska, Project Manager 
Mandley Rust 
John Sherlock 

Legal 
Harlan Agnew 
Barbara McMurray 
Chuck Wesselhoff 

TUCSON WATER 
Tucson Water Staff 

Melodee Loyer 
Dennis Rule 
Tim Thomure 

 
GREELEY AND HANSEN 
PROJECT TEAM 

Jerry Bish 
Andy Richardson 
Art Umble 

 
ADDITIONAL ATTENDEES 

Larry Leong, Kennedy/Jenks 
Sam Jeyanayagam, MPI 
David Murray, Brown and Caldwell 
Jennifer McPhillips, MPI 

 
2. Major topics of the workshop were: 
 

Â Current disinfection conditions/performance 
Â BADCT standards 
Â Other effluent requirements 
Â Investigation / study success factors 
Â Investigation / study objectives 
Â Investigation / study tasks 

 
A set of handouts were provided to each attendee at the workshop.  Throughout the workshop a set of 
notes were recorded on “flip-charts.”  Those notes summarize questions, comments and notes to be 



Pima County Regional Wastewater Reclamation Department 
Tucson, Arizona 

Pima County Regional Optimization Master Plan 

Regional Optimization Master Plan 
Final Report 

Appendix G – Enhanced Chlorinat ion/De-Chlor inat ion Workshop #1 
 
 
 

G-2 

utilized by the project team while conducting the study.  The flip chart notes are included at the end 
of the meeting notes. 

 
3. Mike Gritzuk welcomed the attendees to the workshop and articulated the focus of the meeting.  He 

stated that the study needed to focus on three objectives: 
 

Â Meet a Class A+ effluent quality discharge 
Â Meet the BADCT standards 
Â Minimize the need or necessity of spending nearly $70 million (which would be the case if the 

ultimate process selected for disinfection is filtration coupled with UV) 
 
4. After introductions of the process experts: Larry Leong, Dave Murray, Sam Jeyanayagam and Art 

Umble, a brief discussion of various disinfection issues ensued.  Jackson Jenkins mentioned that 
perhaps filtration would be required along with chlorination instead of ultraviolet (UV) disinfection to 
meet the future standards.  Mike Gritzuk indicated that if filtration is necessary perhaps it is a 
different type at a lower cost to the County.  Harlan Agnew cautioned that all effluent parameters will 
need to be met.  Key issues from the regulatory perspective include the Aquifer Protection Permit 
(which has implications for disinfection by-products); BADCT standards for effluent quality (which 
define the bacteria limits in the discharge in terms of 4 of 7 samples taken within a week period must 
register as “non-detect”, with no single (fecal) sample exceeding 23 MPN; the disinfection standards 
as defined by the AZPDES permit limit chlorine residual in the effluent to less than 11 μg/L for a 
daily maximum and less than 8 μg/L on a monthly average.  Also, the Whole Effluent Toxicity 
(WET) requirements will need to be addressed. 

 
Dennis Rule asked if A+ effluent was a driver for the study.  This was articulated as a goal to meet 
the requirements for reclaimed water in the spirit of cooperation with Tucson Water and the overall 
needs of the community for water.  Harlan Agnew indicated that ADEQ, as a policy, wants the whole 
effluent to be treated to an optimal quality.  For example, the state would not want a facility to 
provide Class A+ to Tucson Water and Class B+ to the river. 

 
5. Andy Richardson outlined the meeting topics and objectives.  He further elaborated on his role as 

facilitator and encouraged all to participate.  The workshop objectives were to develop the scope for 
the enhanced chlorination/de-chlorination investigation and study, and to identify issues and concerns 
regarding the investigation/study. 

 
Overview, agenda, meeting objectives, and ground rules were covered on pages 1 through 5 of the 
handout. 

 
6. Jerry Bish provided overview of the cost differential between UV (with filtration) and enhanced 

chlorination/de-chlorination (without filtration) disinfection systems and a summary of the 
disinfection systems in service at Ina Road WPCF and Roger Road WWTP. 
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The potential capital costs savings for the County is over $70 million for a reliable, effective chlorine 
based disinfection system.  The disinfection process utilized at the Ina and Roger plants is 
conventional sodium hypochlorite disinfection technology followed by sodium bi-sulfite de-
chlorination.  A 12.5 % solution of sodium hypochlorite and a 40 % solution of sodium bi-sulfite are 
delivered on site for use.  There are three sets of contact tanks at the two plants, which are designed to 
provide a detention time of 30 minutes at average design flows.  One set of contact tanks at the Ina 
Road WPCF serves the new biological nutrient removal activated sludge process (BNRAS) facility 
and another set serves the high purity oxygen activated sludge process (HPO). 

 
Performance data at the two treatment plants for the past six months was plotted and presented.  The 
data trend is a steady improvement in lowering chlorine dosages and in reducing fecal and E. coli 
counts in the effluent grab samples.  This is in response to initiatives undertaken by Operations to 
improve the disinfection system performance.  Sam Jeyanayagam pointed out that there is a different 
maximum allowable standard under BADCT for fecal (23 cfu) and E. coli (15 cfu).  Also, it was 
suggested that Pima County meet with ADEQ.  Mike Gritzuk stated that Pima County had indicated 
that they would meet ADEQ on this topic and a meeting was to be scheduled soon. 
 
Lastly, the wastewater treatment system process to be in place when the BADCT rules take effect was 
summarized.  A Bardenpho system operating with an effluent TKN less than 6.5 mg/l will be 
constructed and in operation at the time that Pima County is required to meet the BADCT 
requirements. 
 
Project cost drivers, current operating features and status of the disinfection process at Roger Road 
WWTP and Ina Road WPCF were covered on pages 5 through 17 of the handout. 

 
7. Art Umble presented the scope of the enhanced chlorination investigation and study.  The success 

factors and workplan flowsheet were presented to demonstrate how the project elements are 
integrated to achieve project results within a limited timeframe.  The investigation and study is a 
three-pronged approach that can proceed in parallel paths – 1) literature research, 2) insitu study, and 
3) laboratory bench scale study.  Chlorination disinfection has been well studied and researched over 
the last 100 years.  The key for this project is to extract pertinent scientific data from the available 
literature to support the efficacy of enhanced chlorination.  The insitu study will be used in 
conjunction with the bench scale study to determine the capabilities of the existing chlorine 
disinfection system configuration to determine the gap, if any, in meeting BADCT requirements with 
the conventional disinfection approach and what system improvements can be made for enhanced 
performance.  Another key of the investigation is to demonstrate that chlorination technology is 
working elsewhere in meeting strict pathogen removal standards. 

 
There was a discussion about which disinfection system would be used for insitu evaluation.  While 
the BNRAS most closely represents the future process for removal of total nitrogen from the 
wastewater, it is being operated abnormally at steady-state mode until some hydraulic control 
elements are made functional at the plant.  This may limit its use for insitu field evaluations in the 
early study phases.  Larry Leong asked if the standard was for fecal or E. coli or both.  The response 
was that the regulations permit either.  In this case, it was suggested that the County adopt an E. coli 
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standard for reporting to the regulators.  It was further explained that the standard was for a calendar 
seven days (week basis) and not a running 7-day average. 
 
Byron McMillan asked if UV will meet the disinfection standards.  It was suggested that in California 
and Florida, where strict pathogen removal standards are in place, that facilities with UV are 
struggling for compliance.  Mike Gritzuk stated that ADEQ BADCT requirements specifically lists 
UV, chlorination, ozone and soil aquifer treatment (SAT) as disinfection technologies.  Jennifer 
McPhillips offered that ADEQ prefers filters to be included on effluent discharges.  Filters could 
reduce chlorine and de-chlorination chemical consumption. 
 
Ron Riska indicted that the disinfection study needs to identify the best present worth approach.  
Art Umble indicated that that could be a mixed oxidant process and this will be explored in the study.  
Melodee Loyer cautioned that the use of mixed oxidants could create other issues and consequences 
that will need to be recognized and addressed. 
 
Jeff Prevatt indicated that there is a strong possibility of fecal re-growth in the outfall conduit before 
sampling.  The County is working with the regulators on relocating the point of compliance for the 
fecal sampling upstream in the system, while keeping the chlorine residual monitoring located 
downstream.  Larry Leong suggested that the laboratory may want to consider a modification of the 
test procedures to include multiple dilutions to increase sensitivity. 
 
For insitu testing on the contact tanks, a basic tracer test is proposed with dye or fluoride based 
tracers.  Jeff Prevatt has access to fluorometer test instrumentation as required for the testing. 
 
Byron McMillan reemphasized that the County needs to meet the chlorine residuals requirements, 
WET limits, as well as, BADCT requirements. 
 
Larry Leong has a large database of disinfection information from a WERF study.  This can be used 
to some extent to screen potential plant sites for further investigations relative to the Pima County 
disinfection issues. 
 
The elements and schedule for the enhanced chlorination investigation and study were covered on 
pages 17 through 24 of the handout. 

 
8. Ron Riska asked the process experts what other items need to be included in the study outline. 
 

Dave Murray stated that the proposed scope outline seemed appropriate, but asked how will the in-
plant studies, which will be mostly dry weather, reflect all weather conditions?  It will be difficult to 
demonstrate system performance under severe conditions, such as a severe wet weather event, when 
the testing is designed primarily around dry weather conditions.  In addition, it was offered that 
testing of the system performance should be conducted on both filtered and non-filtered samples.  
This is to reflect the impact of solids in the effluent on disinfection testing. 
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Larry Leong offered that obtaining data from comparable plant operations may prove difficult simply 
due to the fact that some operators/managers will be reluctant to share information.  They may view 
this study as subjecting their data unnecessarily to public or regulatory scrutiny.  Further, it was 
suggested that the proposed 90-day schedule is too tight.  It will not be possible in this period of time 
to conduct the full literature search and to conduct a search of available data from comparable 
facilities.  In addition, the proposed schedule is too tight to allow for adequate statistical analysis to be 
done on testing the plant at full scale.  The bench scale studies should be extended as well.  The 
concern is that in order to gain enough data to conduct appropriate and defendable statistical analysis, 
at least one to one and one-half years of data is required.  At least 30 tests are needed for each 
operation mode in order to establish a credible data set.  At this point it was stated that at 90 days a 
“go/no-go” decision would be made to continue the enhanced chlorination or discontinue the study 
based on the evidence developed at that time. 

 
Across the US, approximately 17% of the municipal wastewater treatment plants are using UV for 
disinfection.  Nearly 75% are using some form of chlorine-based disinfection.  The remaining plants 
are using some other means of oxidation method for disinfection.  This raised the question provided 
earlier as to whether this study should include evaluating the applicability of UV for the Ina Road and 
Roger Road facilities.  The general indication was that the study should include enough information 
on UV disinfection for comparative purposes. 
 
Sam Jeyanayagam offered that in compiling data from comparable plants, it will be important to 
establish “lessons learned” from those that have had problems with similar systems.  Too often that 
data is unavailable.  Data is often used from plants that have been successful, and data from those that 
have not been successful is either not available, or is overlooked.  It will be important in this study to 
identify where problem areas have occurred and to understand the reasons behind those problems and 
how they were resolved. 
 
Further there needs to be caution with regard to “predicting” the performance of these systems in the 
long term.  No one knows what the future will hold in terms of community growth (effecting the 
characteristics of the influent wastewater), the long term plant performance, the regulatory 
environment, and so forth.  Caution must therefore be taken so as to not “over-predict” the guarantees 
of the system’s performance. 
 
John Sherlock offered that both Ina Road and Roger Road plants need to be examined because each 
facility has significantly different influent characteristics.  In the past, the facilities have experienced 
“nitrite lock”, primarily during periods in the summer months.  This issue is important and needs to 
be considered when the study is conducted. 
 
The investigation team should consider the possibility of reducing the bacteria in an upstream process 
to reduce the demand on the chlorination/de-chlorination system.  For example, would adding 
chemicals upstream in an aeration basin or a final clarifier to further reduce solids (and the associated 
bacteria) help reduce the chlorine demand? 
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A review should be done of the control loop systems for the de-chlorination process.  One plant uses a 
concentration-based control, while the other uses the ORP control.  Data indicates that historically, 
the concentration-based control methodology has performed better. 

 
For the WET testing, ammonia has been the chemical of concern, but the use of excess bi-sulfite may 
also be of concern.  This issue needs to be considered in the project. 
 
Melodee Loyer offered that when looking at the option of mixed oxidants, there must be 
consideration given to “unintended consequences” that may result.  This specifically relates to any 
safety and public health issues associated with the presence of these oxidants.  As much as is possible, 
these potential concerns must be identified and addressed at the outset.  The concern is that there is 
not enough time proposed in the study schedule to allow for this research.  Also, if the Roger Road 
facility is used for the field testing, Tucson Water would be willing to participate, specifically for 
issues related to filtered versus unfiltered samples since Tucson Water filters the effluent at their 
Sweetwater facility adjacent to that plant. 
 
Paul Bennett stated that there may not be much benefit garnered from doing testing at the Roger Road 
facility simply because as part of the facility master plan, the existing facility will be demolished and 
a new facility built in its place.  Thus, testing the existing facilities may not generate useful data.  
Furthermore, recommendations need to be “operator friendly.”  This means that specific 
communications protocol need to be set up and followed throughout the study that incorporates input 
from operations staff. 

 
Jeff Prevatt (Laboratory Director) offered that the analytical laboratory staff would cooperate fully 
with the needs of the study in terms of laboratory facility, equipment availability and staff 
participation as time and schedules permit. 
 
Ron Riska commented that the County originally suggested that the scope time table should be in the 
60 to 90-day frame.  This may not be enough time to complete the necessary and critical elements of 
the study.  Therefore, it seems reasonable that the study be lengthened by at least two additional 
months.  The challenge here is that this study represents the “last piece of critical information” needed 
to complete the Regional Optimization Master Plan (ROMP).  Delaying the results of this study too 
long could jeopardize the implementation schedules for the ROMP. 
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Agenda 
Enhanced Chlorination/De-Chlorination Evaluation Scoping Session 

March 15, 2007 
 

Time Topic Presenter 

8:45 am Outlying Facilities Offices –4527 W. Walker Road (near intersection of Ina Road and I-10) 

9:00 am Opening Session 

• Welcoming Remarks / History and Objective Mike Gritzuk 

• Review Agenda Andy Richardson 

9:15 am Overview of Pima County Facilities Jerry Bish 

• Existing Conditions: Chlorination Disinfection System 

• Existing Conditions: Chlorination Disinfection System Performance 

• Overview of Current BADCT Standards 

• Overview Description of Wastewater Process when BADCT Takes Effect 

9:45 am Develop Set of Critical Success Factors Art Umble 

9:55 am Define Literature Review Objectives Art Umble 

10:05 am Chlorine-Based Disinfection Alternative Evaluation Art Umble 

11:15 am Alternative Chlorine-Based Disinfection Evaluations Art Umble 

11:35 am Future Investigation/Study Objectives Art Umble 

11:45 am Summary Wrap-Up Andy Richardson 

• Comments by Group 

• Closing Remarks Mike Gritzuk 

12:00 pm Adjourn 
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Flip Chart Notes – March 15, 2007 
 
OBJECTIVES 
Â Save $70 million 
Â Meet permit requirements 
Â CL2 residual water quality standard  
Â Whole effluent toxicity standards 
Â THM’s in APP 
Â “Parking Lot” crypto and giardia  - MCL 
Â Per ADEQ have to treat “total” flow to same quality. 
Â “Bullet Proof vs. some risk 
Â Cost benefit vs. risk 
 

DATA NEEDED 
Â Get volumes in each CL2 tank 
Â CL2 @ 8PPM to 11PPM avg. 
Â Need to meet BADCT coliform or e-coli limit 
Â Need to look at steady-state vs. diurnal flow 
 

SCOPE 
Â Benchmarking – who else is doing enhanced CL2 /De- CL2 
Â Need to make sure that the insitu condition is a good representation of future facilities. 
Â May need to bring in a “pilot plant” 
Â Need to make sure we use quality of effluent that is representation of what future effluent will be. 
Â Use e-coli as standard in permit 
Â What is the standard? Is it 7 days for a calendar week or 7 day moving median  
Â Scope and work effluent will be discussed with ADEQ at start of investigation  
Â System specification is a final deliverable of this investigation 
Â Permit - change sample location for cfu analysis 
Â Need to have team determined method for analysis  
Â Consider system with water champ for pilot scale? 
Â How are we going to make sure effluent quality matches future effluent? 
Â How to address wet weather conditions? 
Â Present or absence of solids relate to use of filters  
Â What happens if we have to filter? 
Â Review operating data at other locations  
Â Concern: will information be shared when a plant is in trouble? 
Â Concern on amount of data accessibility in short period 
Â How to use existing facilities to match future conditions 
Â 30 trials for a given condition for testing insitu 
Â May want to have study go longer 
Â Look at extending time to make certain 
Â How far can we go at first 
Â Find out “lessons Learned” – may not be able to get information 
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Â Future process is an issue – need to pay attention to this  
Â May not have facility that will match future 
Â More time at Ina Rd. and less time at Roger.  Look at influent characteristics to make sure using 

right data 
Â Look at work that has been on reported on fecal loadings upstream of CL2  addition 
Â Control systems now vs. future  
Â Maybe a phased implementation - get results and then do some additional work 
Â Whatever we come up with – make sure we are aware of impact 
Â 3 to 4 month period for “go-no/go” 
Â Add some information on “UV” as a comparison in the benefit/cost analysis – use literature 

review data 
Â Need to be aware of how plants operates when interconnected 
Â Why testing at Roger may not be necessary 
Â On De-CL2  what process mimics residual CL2 
Â Visit w/Jeff Prevatt before doing insitu work  
Â Only look CA, FL, AZ for last 5 years 
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Pima County Wastewater 
Regional Optimization

Plan Study

Enhanced Chlorination / 
Dechlorination Evaluation 

Scoping Session

March 15, 2007

2

Workshop Presenters

Mike Gritzuk Welcome / Closing

Andy Richardson Facilitator

Jerry Bish Overview of Facilities

Art Umble Project Scope
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Welcoming Remarks

Mike Gritzuk

Overview

Andy Richardson
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Agenda
History and objectives
Current conditions / performances
Current BADCT standards
When BADCT takes effect
Critical success factors
Literature review objectives
Chlorine-based disinfection
Alternative chlorine-based disinfection
Investigation / study objectives

6

Groundrules

Success is the responsibility of all
Everyone shares the responsibility for 
success
Everyone must participate fully to the 
extend of their expertise
We agree to speak up honestly and with 
candor
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7

Groundrules (continued)

Disagreements are with opinions or issues, 
and have basis in fact, not with personalities 
Listen attentively and respectfully to others
Participate conscientiously
Understanding is our objective, but 
consensus is not required
Adhere to these groundrules and hold each 
other accountable

8

Role of Facilitator

Remain neutral and objective

Expedite adherence to agenda and schedule

Ensure an equal opportunity to be heard

Keep group focused on discussion as 
planned, place items in “parking lot”
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9

Role of Facilitator

Remind all of groundrules

Negotiate changes in agenda, schedule, 
or procedure

Manage discussion, sequence speakers, 
and exercise leadership

Overview of Pima County 
Facilities
Jerry Bish
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UV Disinfection vs. Enhanced 
Chlorination – Systems

UV Requirements
Á Lift pump station
Á Filtration
Á High Intensity UV

Enhanced Chlorination
Á Contact Tank (longer retention)
Á Higher sodium hypochlorite dosages
Á Higher sodium bisulfite dosages

12

UV Disinfection vs. Enhanced 
Chlorination – Cost Impacts

UV Costs $91.0 million
Á Construction/Contingency/

Engineering

Enhanced Chlorination $17.6 million
Á Construction/Contingency/

Engineering
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Existing Treatment Processes

Ina Road WPCF
Á High purity oxygen
Á Effluent 30/30

Á BNRAS
Á Effluent TKN < 15 mg/L

Roger Road WWTP
Á BT/AS
Á Effluent 30/30

14

Existing Chlorine Systems

Sodium hypochlorite (12.5% solution)

Contact tanks (3 sets) 
(30 minutes at average Q)

Sodium bisulfite (dechlorination)

Chemicals flow paced
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15

Ina Road WPCF Site 

16

Ina Road
Chlorination Facilities – HPO

Approximate Contact Time at 
average Q = 30 minutes

Approximate Contact Time at 
average Q = 30 minutes
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Ina Road HPO Chlorination Photo

18

Ina Road Chlorination Facilities –
BNRAS Plan

Approximate Contact Time at 
average Q = 34 minutes

Approximate Contact Time at 
average Q = 34 minutes
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Ina Road BNRAS Chlorination 
Contact Tank

20

Roger Road WWTP Site
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Roger Road 
Chlorination Facilities – Plan

Chlorine Feed 
& Storage Bldg

Bulk Chlorine 
Facilities

Dechlorination 
Feed Facilities

Flow In

Flow Out

22

Roger Road –
Chlorination Equipment
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Roger Road –
Chlorination Contact Tank

24

Ina Road Performance
Ina Road WPCF

Chlorine & Sodium Bisulfite Dosages 
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Ina Road WPCF
Chlorine/Sodium Bisulfite Ratios
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Ina Road Performance
Ina Road WPCF
Fecal Coliform
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Ina Road Performance
Ina Road WPCF

E. coli
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Roger Road WWTP
Chlorine Dosages
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Roger Road WWTP
Sodium Bisulfite Dosages

0

10

20

30

40

50

60

Sep-06 Oct-06 Nov-06 Dec-06 Jan-07 Feb-07

In
flu

en
t F

lo
w

 (M
G

D
)

0

10

20

30

40

50

60

(m
g/

l)

Influent Flow (MGD) Sodium Bisulfite Dose per Day

Roger Road Performance

30

Roger Road WWTP
Fecal Coliform
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Roger Road WWTP
E. coli
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BADCT Requirements

Disinfection
Á No detect (E. coli) in 4 out of 7 samples per 

week

Á None to exceed 23/100 mL
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Process When BADCT 
Takes Effect

Treatment process – Bardenpho

Effluent TKN ≥ 6.5 mg/L

Future:
Á Effluent P > 1.0 mg/L

Enhanced Chlorination
Project Scope
Art Umble
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Critical Success Factors

Meets BADCT requirements

Performs without filtration

Demonstrates performance elsewhere

Demonstrates performance at Roger 
Road and Ina Road

36

Literature
Review

Bench-Scale
Studies

Does
literature

indicate LOT
feasibility

?

In-situ
Studies

Does
bench study
confirm LOT

feasibility
?

Solicit
Client
input

Solicit
Client
input

Does
In-situ study
confirm LOT

feasibility
?

Solicit
Client
input

NO

NO

NOYES YES

YES

Develop altern.
concept designs

Develop alternative
cost/benefit analysis

& select preferred

Solicit
Client
input

Develop
Regulatory

Strategy

Negotiate
Permit

Modification

Develop chlor/dechlor
alternative concepts

for evaluation

Solicit
Client
input

Develop preliminary
engineering report

Negotiate
Compliance

Schedule

WORKPLAN
FLOWSHEET

START
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Basic / Fundamental Research 
Actions

Laboratory study
Á Chlor/dechlor fundamental reaction chemistry and reaction 

kinetics research has been completed
Literature search
Á Technical justification for applying existing technology for 

environmental protection and public health
Á Review the realm of feasible alternatives to conventional 

chlor/dechlor practices
Á Review the LOT for inactivation and environmental protection
Á Review the relationship between LOT and current BADCT and 

permit limits
Á Review the LOT performance equivalency with other BADCT 

technologies
Á Review the statistical limitations of the technology

38

Literature Review and 
Research Results

Focus of Review:  Disinfection for Water Reuse 
Applications*
Identify chlor/dechlor disinfection facility enhancement 
research studies
Identify facility enhancements with respect to regulatory 
compliance
Applicability of models (Collins, Collins-Selleck, etc.) to 
existing disinfection efficacy
Identify comparable facilities that utilize enhanced 
chlor/dechlor disinfection systems 
Establish accepted capital and O&M cost targets for 
enhanced systems
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Bench / Pilot-Scale Research 
Actions

Verification study
Á Chlor/dechlor reaction kinetic models research has been completed

Site-specific validation study
Á Determine limits of technology effectiveness using site-specific 

conditions
Á Determine operating ranges for inactivation as function of dose and 

contact for meeting existing BADCT standards for alternatives
Á Determine operating ranges for inactivation of specific target 

organisms for alternatives
Á Determine operating ranges for inactivation efficiencies as function 

of WET requirements
Á Determine limits of technology enhancement, such as applying 

mixed oxidants
Á Establish confidence interval statistics for comparison with research 

literature

40

Bench / Pilot-Scale Research 
Results

Establish N fractionation: monochloramine/dichloramine 
formation
Establish disinfection efficacy using varying levels of 
nitrified effluent
Verify impact of bacterial re-growth potential
Determine dechlorination efficacy in eliminating toxicity
Confirm the most effective Cl:N weight ratio for 
germicidal response

Define Methods of Analysis
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Full-Scale Confirmation Actions

Validation Study
Á Chlor/dechlor reaction kinetic model calibrations/validations and 

operational configurations using pilots have been completed
Site-specific Confirmation Study
Á Review and analysis of historical performance data from existing

systems
Á Determine performance limits of existing systems as a function of 

operational limits of existing equipment
Á Develop and run tests for enhancements to existing system to meet 

BADCT
Á Develop statistical confidence intervals for enhanced conditions to equal 

or exceed current BADCT
Á Conduct in-situ hydraulic studies to confirm limits of flow dynamics in 

achieving contact times and mixing requirements
Á Prepare recommendations for system improvements based on in-situ 

confirmations of literature reviews and bench studies

42

Full-Scale Confirmation Results

Establish qualitative/quantitative mixing energy and mixing 
regimes in contact chamber
Establish the dispersion index, the ti and the modal time, tp for 
existing conditions
Derive the preferred L:W and H:W ratios for existing geometry
Determine wind impacts on surface currents that impact short-
circuiting
Determine limitations of existing chlor/dechlor systems for 
disinfection performance
Stress tests of existing delivery systems to simulate 
enhancements for disinfection efficacy
Document disinfection efficacy simulations for enhanced 
chlor/dechlor
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Alternative Chlorine-Based 
Disinfection

With chlorine addition:
Á Use of mixed oxidants
Á Hydrogen peroxide

Á Other

44

Study Objectives

Prove BADCT compliance with 
enhanced chlorination/dechlorination

Develop report for ADEQ review and 
acceptance
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Report Summaries / Deliverables

Documentation of literature review for 
existing and enhanced processes for 
compliance
Documentation of bench testing and methods
Documentation of full-scale testing and 
analyses and statistical variations
Documentation of recommendations for full-
scale system enhancements

46

TASK

Literature Review

Alternatives Development

Bench-scale Studies

In-situ Hydraulic Studies

In-situ Stress Testing

Develop Concept Design

Cost / Benefit Analysis

Regulatory Strategy / Permit

Client Workshops

Weeks
1 - 2

Weeks
3 - 4

Week
5 - 6

Week
7 - 8

Week
9 - 10

Week
11 - 12

Week
13 - 14

Documentation & Reports

Future Investigations Schedule
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Next Steps

Assignments – who and what

Schedule

Next meeting

Summary

Andy Richardson
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Enhanced Chlorination/De-Chlorination Evaluation 
Literature Review and Findings 

Meeting Notes 
 
1. Enhanced Chlorination/De-Chlorination Evaluation Workshop No. 2 regarding the future disinfection 

of the wastewater effluent was held on May 23, 2007.  The agenda is attached.  The following were in 
attendance: 

 
PCWMD 
Director 

Michael Gritzuk 
Deputy Directors 

Jackson Jenkins 
PCWMD Staff 

Jim Doyle 
Frank Gall 
Byron McMillan 
Jeff Prevatt 
Prakash Rao 
Helen Rhudy 
Ron Riska, Project Manager 
Mandley Rust 
John Sherlock 

Legal 
Harlan Agnew 
Chuck Wesselhoff 

TUCSON WATER 
Tucson Water Staff 

Melodee Loyer 
Wally Wilson 

 
GREELEY AND HANSEN 
PROJECT TEAM 

Jerry Bish 
Art Umble 
Larry Leong, Kennedy/Jenks 
David Murray, Brown and Caldwell 
Jennifer Phillips, MPI 

 
2. Major topics of the workshop were: 

Â Literature review of current disinfection performance/practices with regard to Pima County 
future operations 

Â Current disinfection facilities assessment/performance 
A set of handouts were provided to each attendee of the workshop.   

 
3. Attendees were welcomed to the workshop by Jerry Bish who introduced the workshop topics and 

presenters.  The workshop topics included: 
Â Literature Review and Analysis  
Â Disinfection Facility Assessments  
Â Laboratory Facility Assessments  
Â Discussions / Clarifications / Debate  
Â Next Steps 

 
4. Art Umble presented the decision-making process that would lead either to, or away from the use if 

enhanced chlorination to meet future ADEQ BADCT disinfection requirements. The intent of the 
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process is for the group to come to a degree of consensus as a result of the information provided 
during the workshop. 

5. Larry Leong summarized the issues related to regulatory framework for the Pima County facilities.  
He used information from Florida and California that have standards most similar to those in Arizona 
to illustrate how the permitting issues in these other states have progressed and how these are, or may 
become issues for Pima County.   

 
Issues of concern are: 
• Single sample maximums for fecal and E.coli with or without filtration and with chlorine and UV 

technologies 
• WET testing that relate to the presence or absence of chlorine residual, ammonia, sulfite and/or 

non-neutralized organochloramines 
• Increased chlorine dosages developing disinfection by-products such as THMs and HAA5s 
• Cyanide formation potential 
 
Issues of consideration in the future are: 
• Enteric virus removal for effluent discharge quality greater than Class A which is to be recharged 

into potable aquifers 
• Florida and California foresee possible standards for Cryptosporidium and Giardia and 

enterovirus for water recycling, lower DBP standards (including NDMA) than currently applied 
to drinking water, and endocrine disruptors.  

 
6. A survey of disinfection practices of major POTWs in the United States was correlated with those 

plants that use the Bardenpho process of comparable size to the future Pima County facilities. The 
key to this information was relating the disinfection practice associated and treatment process to the 
number of permit violations that have been reported.  For plants that practice chlorination followed by 
filtration, the majority of violations correlated with failure to meet a single sample maximum 
criterion, or a WET test failure. 

 
7. An overview of the data provided by Pima County from January 2004 through April 2007 was 

presented by Larry Leong. By using a frequency distribution statistical technique, observations from 
the analysis of the data revealed: 
• Fecal coliform and E.coli follow a log-normal distribution 
• 1.5 logs additional removal is necessary to achieve the 4-day non-detect criterion 
• 2.0 logs additional removal is necessary to achieve the single sample maximum for fecal 

coliform of <23 cfu/100 mL 
• 2.2 logs additional removal is necessary to achieve the single sample maximum for E.coli of <15 

cfu/100 mL 
• 2.5 logs are needed for current Ina Road influent 
 

It was noted that driving much of the “upper removal” requirements is the presence of several “high” 
values for fecal and E.coli present in the data set provided. If these few points are removed from the 
data analysis, the higher log removal needs may actually turn out to be less.  If the four maximum 
points were removed from the data analysis, it is likely that the amount of log-removal needed would 
be more in the range of that necessary to achieve the 4-day non-detect. 
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8. To set the stage for a potentially successful enhanced chlorination process design, two studies will 

need to be conducted.  The first relates to determining the disinfection kinetics for the Ina Road 
BNRAS treated effluent.  This study is performed in the laboratory using samples from the mixing 
chamber immediately following chlorine injection and held for various periods of time to simulate 
periods of chlorine contact, i.e., required CT.  This will establish the CT required for compliance with 
future BADCT disinfection requirements.  This study establishes the relative rate of inactivation and 
is a direct function of mixing regime.  If the resulting kinetic analysis indicates that inactivation 
follows a first order relationship, then perhaps filtration is not needed at Ina Road WPCF.  But if the 
declining rate of inactivation demonstrates more of a “knee” response, then filtration may be 
necessary. It is important that this set of data take into account the effect of suspended solids.  This 
test could likely be accomplished within 3 months.    

 
The second study will attempt to establish the “actual” log-removal being achieved at the Ina Road 
facility by characterizing the influent/effluent fecal and E.coli concentrations. This will determine the 
total logs of removal necessary to meet the 4 days of non-detect out of 7 days.  If more than 6 logs are 
found to be needed, then it may be concluded that enhanced chlorination is not likely the appropriate 
disinfection process for Pima County’s facilities.  However, if less than 4 logs are necessary, then 
enhanced chlorination will likely be appropriate without filtration.  If it turns out to be somewhere 
between 4 and 6 logs, filtration may be needed if chlorination is applied. This study is especially 
critical with respect to the apparent seasonal variability that is seen in the existing data from 2004 to 
2007. This second study would best be conducted over a 6-month period in order to gain the insights 
into the seasonal variations.   

 
 
9. David Murray presented summaries of the observations of the existing chlorination facilities at both 

Ina Road WPCF and Roger Road WWTP, with focus on the former. These included hypochlorite feed 
systems, initial mixing systems, instrumentation and control systems, contact basin geometries, de-
chlorination feed systems, and system hydraulics. He provided data on chlorine contact basin contact 
times and CT versus flow rate based on theoretical relationships.  For the BNRAS (east) plant at Ina 
Road, there is a theoretical total CT of 230 mg-min/L and 160 mg-min/L for flow rates of 7 and 10 
MGD, respectively, and 120 mg-min/L for a flow rate of 12.5 MGD. These values included the 
additional contact time achieved in the outfall pipeline from the contact basin prior to de-chlorination.  
Because the BNRAS plant operates in a full nitrification mode, the chlorine residual is predominantly 
free chlorine, thus indicating that the system operates at or above breakpoint. 

 
For the HPO (west) plant, the approximate CT for flow rates of 9 and 34 MGD are 180 and 30 mg-
min/L, respectively. Total chlorine residual is made up mostly of combined chlorine, implying 
presence of ammonia in the final effluent. 

 
To establish a basis for design criteria for an enhanced chlorination system, specific field studies were 
proposed for the BNRAS (east) chlorine contact basin.  The first of these would be a tracer study to 
establish the actual modal contact time in the chlorine contact basin.  The tracer analysis provides 
evidence of hydraulic inefficiencies within the chlorine contact basin reflective of geometric 
configurations. The modal contact time would be what would be applied to the CT calculations for 
design modifications to improve and maximize contact basin performance. 
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 To develop a more representative data set for establishing the parameters for a basis of design, 
operating the BNRAS plant outside of its currently operated “flat-lined” condition (currently 
operating around a constant 10 MGD flow) is encouraged during the aforementioned study.  

 
 
10. Jennifer Phillips presented a review of the observations made of the existing laboratory facilities.  Of 

primary concern is the limited incubator space available for the studies described above.  The 
laboratory staff recommends that COD rather than BOD, and E.coli rather than fecal coliform tests be 
run to minimize incubator space requirements.  It will be necessary to ensure that a chlorine analyzer 
capable of reading low levels (below 100 ppb) be available for residual analyses. 

 
11. Mike Gritzuk observed from the workshop discussions that there is an optimism amongst the 

PCWMD staff that meeting the BADCT disinfection requirements using a chlorination process is 
feasible.  He raised the question:  Is it necessary to fully “bullet-proof” the system (such as with using 
a UV with filtration), or, is the PCWMD willing to accept infrequent microbial maximums and 
address consequences thereof if encountered?  

 
Jeff Prevatt stated his confidence in meeting the microbial standards. Recent test results at the 
chlorine contact basin for the BNRAS (east) plant indicate greater than 1x106 concentrations entering 
the chlorine contact tanks and less than 5x100 concentrations exiting, resulting in a 5.5-log removal.  
From this data he believes the issue for Pima County will be meeting the chlorine residual standard in 
the permit. His evidence is the initial results for the log removal levels on the influent versus effluent 
of the BNRAS chlorine contact basins.  

 
Jim Doyle challenged the team’s interpretation of the TSS and corresponding microbial data that 
illustrates an inverse relationship.  He stated that the data was not representative of the specific time 
of day that samples are taken and the respective chlorine dosages applied at those times.  He believes 
that if this were taken into account, results would not show this type of correlation.  The team 
responded in that the data provided to them for analysis was that which the laboratory collects and 
analyzes daily, and this analysis was reflective of the data in the reports. 

 
12. The group reached consensus that the enhanced chlorination process is appropriate for the PCWMD 

facilities, but that additional studies be conducted to generate the additional information needed to 
confirm the log removal requirements, and to establish a set of parameters to support a basis of design 
for the preliminary design of system upgrades, improvements and modifications to the existing 
system at the Ina Road BNRAS plant, and for new systems PCWMD plans to construct to replace the 
HPO (west) plant and the existing Roger Road plant. Implications are that the design criteria 
established and operations and control strategies developed would then apply to both treatment plants. 

 
It was agreed that the team would establish a scope of services for PCWMD to consider for these 
additional studies.  It was agreed that these additional studies would be conducted over a three month 
period beginning as soon as practical.  In the meantime, the Ina Road operations staff would begin 
looking at what is needed to operate the BNRAS system in a more normal diurnal mode (assuming 
that the equipment and controls necessary will be able to be placed in service without delay).  The 
team was also asked to provide specific information to the PCWMD laboratory staff on the type and 
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number of analytical tests that will be necessary to complete the study. Further , the team was asked 
to investigate the possibility of an outside laboratory to provide all microbial testing services 
necessary to complete the laboratory portion of the studies.  
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Agenda 
Enhanced Chlorination/Dechlorination Disinfection Process Review 

May 23, 2007 
 

Time Topic Presenter 

1:00 pm Outlying Facilities Offices –4527 W. Walker Road (near intersection of Ina Road and I-10) 

1:00 pm Opening Session Art Umble/Jerry Bish

• Welcoming Remarks  

• Review Agenda 

• Program Goals  

1:45 pm Literature Review  Larry Leong

• BADCT: Other states and Arizona 

• Comparable Facility Requirements and Performance 

• System Performance With and Without Filtration 

• Standards and Design Criteria: Can they be met? 

• Implications of WET 

2:45 pm Break  

3:00 pm Operations Data Overview Dave Murray

• Review of Physical Systems 

• Can Existing System Limitations Be Defined? 

• Existing System Performance (data analysis) 

• Existing System Deficiencies for Meeting Standards 

4:15 pm Questions/Discussion ALL 

4:40 pm Next Steps Art Umble 

• Actions 

• Schedule 

4:50 pm Summary/Wrap-up Art Umble 

5:00 pm Adjourn 
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WORKSHOP:
Disinfection Process Review
Pima County Wastewater Management Department

May 23, 2007

Pima County WMD Program Goals

Meet the BADCT Standards
Meet a Class A+ Effluent Quality 
Discharge
Minimize necessity of a $70M 
Expenditure if Filtration/UV is Req’d
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Literature
Overview and
Assessments

Can definitive
and confident decisions

be made
?

Develop
Lab / Field

Testing Plan

Log-removal
Dose/Contact
Bench Testing

Dispersion and
contact tank
CT field testing

NO

YES

Develop Preliminary
Engineering Scope

MAYBE
Legal or
technical

issues outstanding
?

Develop
Scope for

Resolution

Can definitive
and confident decisions

be made
?

YES

NO

Conduct
Resolution

Tasks

Articulate
Alternatives

May 23, 2007

Schedule TBD

WORKSHOP AGENDA   May 23, 2007

Part 1:  Literature Review

Part 2:  Disinfection Facility Assessments

Part 3:  Laboratory Facility Assessments

Discussions / Clarifications / Debate
Next Steps
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Part 1:  Literature Review

Larry Leong
Kennedy/Jenks Consultants

Organization of Literature Review 
Discussion

BADCT, FL and CA regulations
Enhanced chlorination issues
Survey of practice
Á Disinfection
Á Bardenpho

Estimated additional removal
Proposed studies



4

Regulatory Review
Ina Road

WRF

AZ Title 18 - BADCT, APP, NPDES, 
Reclamation Rules w/B+ Treatment

FC/E. coli limits
Á ND in 4 out of 7 samples per week
Á Single sample < 23 FC/100 ml or < 15 E. coli/100 ml

TN <10 mg/l
Disinfection byproducts
Á 0.1 mg/l Total THMs with 0.08 mg/l as Alert Level
Á Cyanide ?

WET
Chlorine
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Florida Regulatory Framework
Chapter 62

Surface water disposal
Á Secondary treatment – 20/20 BOD/TSS
Á High-level disinfection
Á No degradation of background water quality

Reclamation, discharge to potable water 
supplies
Á High-level disinfection
Á <10 mg/l TN
Á MCLs<specified for community water systems

Florida’s High-Level of 
Disinfection

At least 120
At least 40
At least 25

Required CT 
(mg/l·minutes)

>4 (>99.99)>10,000
4 (99.99)>1000-10,000
3 (99.9)<1000

Logs Removal
(%)

Chlorine contact 
tank Influent
(FC/100 ml)

Max TSS < 5 mg/l, 30 day period, chlorine contact tank influent 
75 percent, ND in 30 day period 
Max sample in 30 day period, <25 FC/100 ml
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California Regulatory Framework
Title 22 – Purple Book

CA regulates total coliform and 
enteric viruses
Defines different TC treated water
Constrains water use and imposes 
conditions

Applicable CA Treatment Goals

Disinfected secondary-2.2 recycled 
water
Disinfected tertiary recycled water
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Secondary - 2.2 Recycled Water

7 day median <2.2 Total Coliform 
(TC)/100 ml
1 sample can exceed 23 TC/100 ml in 
30 day period with max <240 TC/100 
ml

Secondary-2.2 Recycled Water

Surface irrigation of food crops where 
edible portion is produced above 
ground and not contacted by recycled 
water



8

Tertiary Recycled Water

Filtered effluent
CT of 450 mg/l·minutes with modal 
contact time of >90 minutes on peak dry 
weather design flow
Demonstrated disinfection technology 
that removes 5 logs of Ms2 or polio virus
7 day median <2.2 TC/100 ml
1 sample can exceed 23 TC/100 ml in 30 
day period with max <240 TC/100 ml

Tertiary Recycled Water
Edible root crops where the recycled water 
contacts edible portions
Parks and playgrounds
School yards
Residential landscaping
Unrestricted access golf courses
Other irrigation not prohibited by CCR
Groundwater Recharge Reuse Projects
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Groundwater Recharge Reuse 
Projects

Project requirements
Á Surface water spreading
Á Retained 6 months as groundwater
Á < 20 percent recycled water

Water quality constraints on tertiary effluent
Á TOC < 16 mg/l (weekly 24 hr composite average) 
Á <MCLs, SMCLs, notification levels for drinking water
Á TN < 5 mg/l with single sample maximum of 10 mg/l 

(blended water, weekly 24 hr composite average)

Permit Specified Microbes

AZ – virus monitoring and limits for 
Class A and A+
FL – Giardia and Cryptosporium for 
reuse/discharge to drinking water
CA – virus monitoring, historically; 
None if using 5 logs removal 
technology defined by DHS
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Enhanced Chlorination Issues
Ina Road
BNRAS

CCB

Current Issues 

> Max FC or E. coli with or without filters and 
with Chlorine and UV technologies
WET testing – + for Chlorine and UV
Á Chlorine residual
Á Ammonia
Á Sulfite – oxygen?
Á Non-neutralized organochloramines (Blatchley, et al WERF 

2005) 
Increased chlorine
Á Chlorinated DBPs (THMs & HAA5)
Á CN potential due to low limits, ~4 μg/l
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Potential Future Issues

Arizona
Á Enteric virus for >Class A recharged into potable aquifers

Florida
Á Giardia, Cryptosporium and enterovirus for recycling
Á lower THMs/HAA5 than for drinking water 

California - Groundwater Recharge Recycling
Á NDMA, 
Á very low THMs/HAA5 

Others – endocrine disruptors, etc.

Giardia

Giardia

Giardia

Polio

Polio

Comparative Dose for 99% 
Inactivation in Drinking Water

Crypto10,000

1,000

100

10

1

0.1

0.01

Crypto

Crypto

Crypto Crypto

NH2Cl Free Cl2 ClO2 Ozone UV

C
T

 o
r 

IT
*

E. coli

E. coli E. coli

E. coli

E. coliPolio

Polio

Polio

*CT = mg/l*minutes    IT = mJ/cm2 Adapted from MWH, 2005

Giardia

Giardia
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Survey of Practice
Roger Road

WRF

‘06 US Profile of Major POTWs
(Total Major POTWs = 4,450)

3.9173None

0.27Ozone

20.8930UV

75.33,351Chlorine

PercentNumberDisinfectant
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UV Disinfection at Major POTWs

> 30%
~21 %
<15 %

45 Major POTWs Using Bardenpho
1-24 MGD, 27 % use UV

>2 POTWs
< 2 POTWs

22 in FL

8 in MD
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Profile of Similar Size for UV 
Disinfection and Bardenpho 

01
(6%)1872-92Combined

010
(15%)6740-60Ina Road

2
(22 & 24 

mgd)

25
(17%)14922-42Roger 

Road

Bardenpho
No. UV
(%)

No. 
POTW

Flow
Range 
(MGD)

Treatment 
Plant

17 Major Bardenpho POTWs and 
Microbial Performance

No. POTWs w/ 
Microbial Violations

6-24

4-22
12,15

17

Size
(mgd)

1 (1)8 (25)11Chlorine + 
Filters

01 (1)3Chlorine
01 (2)2UV + Filters
01 (6)1UV

AverageMaxNo.
Config-
uration

( ) = total number of violations for category
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17 Major Bardenpho POTWs and 
WET Performance

No. POTW w/WET 
Violations

6-24

4-22
12,15

17

Size
(mgd)

5 (25)10 (23)11Chlorine + 
Filters

1 (4)1 (6)3Chlorine
012UV + Filters
011UV

MinnowFleaNo.
Config-
uration

( ) = total number of violations for category

THMs Violations at 7 POTWs

Chlorine + Filters Config
37 total violations
Á 2 TTHM
Á 35 Single with 28 dichlorobromomethane

Highly correlated with Max and WET 
violations (6 out of 7)
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Phone Survey Highlights of 6

No recollection of problems/violations 
after startup
~ 0.5-1 year to get plant under control
Flotables/scum are issues
High energy use, expanding using 
different treatment
Filtration recommended for > 4 ND 

Estimated Additional Removal
Ina Road
HPO CCB
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Convert to Frequency Distribution

1 Jan 04 to 20 Apr 07 FC and E. coli
Determine frequency percent
Plot and determine best linear fit

Estimated Removals to Meet BADCT

Estimated zone for > 4 ND

1 5 10 15 20 30 40 50 60 70 80 85 90 95 99

R2= 0.9811

R2= 0.9773

0.1

1.0

10.0

100.0

1,000.0

10,000.0

Cumulative Relative Frequency, in percent

N
o.

/1
00

 m
l

05-07 FC/100 ml E. coli Expon. (05-07 FC/100 ml)Expon. (E. coli)

None Detect

23 FC Max
15  E. coli Max
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Results of Analysis

FC and E. coli are log-normal
~ 1.5 logs needed for > 4 days ND
~ 2 logs needed for Max FC < 23
~ 2.2 logs needed for Max E. coli <15
~2.5 logs needed for current Ina Road 
influent, but Bardenpho influent likely 
to be lower than current

FC Removals for Different 
Secondary Effluent

3.26 + 0.5 = 3.83,600Biological Nutrient 
Removal

4.27 + 0.5 = 4.837,000Nitrified AS
4.17 + 0.5 = 4.729,300Activated Sludge

Estimated 
Removal to 4 ND 

(logs)FC/100 mlSecondary Effluent

Rose, J., et al, WERF 2004
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Proposed Studies
Ina Road
HPO CCB

Potential Disinfection Kinetics

Lag then
 1st Order

1.0E-07
1.0E-06
1.0E-05
1.0E-04
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1.0E-01
1.0E+00
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Inactivation
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Full Scale California Study
First Order then Lag
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Ina Road BOD & TSS
1 Jan 04 to 20 Apr 07
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FC Historical Data

Exhibits seasonality – winter & 
summer
Á FC peaks in summer
Á TSS peaks in winter

TSS seems to have reverse 
correlation with FC, i.e., with high 
solids, lower chlorinated effluent FC

Proposed Bench & Field Studies

Full-scale mixing with bench holding 
time to simulate chlorine contact tank 
(Study 1)
Chlorine contact tank influent FC and 
or E. coli characterization (Study 2)
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Study 1 Objectives

Define BNRAS and therefore 
Bardenpho disinfection kinetics
Á If first order, perhaps filters not needed
Á If declining rate (elbow), perhaps filters may 

be needed
Bench defines CT needed to meet 
BADCT

Study 1: Determine log-removals:
Is there an elbow? 

BNRAS Effluent 
Full scale Water Champ mixing
0, 5 minutes, 30 minutes, 60 minutes 
holding times
Analyze with 5 tube - 5 L, 100 ml, 10 ml 
for <0.02 FC MPN/100 ml reporting limit
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Study 1 (cont.): Determine log-
removals

5-7 trials per TSS conditions
Normal and high TSS based on TU
Á Wait for high TU
Á Spike holding samples to simulate high TU

Estimated time: 1-3 months depending 
on approach

Study 2 Objectives

Determine seasonal variability of FC and 
E. coli concentrations
Determine total logs removal to meet 4 ND
Á If > 6 logs needed, enhanced chlorine may not 

work
Á If <4 logs, perhaps without filtration may work
Á Something in between, filtration may need to be 

evaluated
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Study 2: Characterize FC/E. coli

10-30 data points per scenario
Potential scenarios
Á Seasonal – winter/summer
Á Plant performance – Low/high TSS
Á Others?

Schedule – six months max

Part 2:  Facility Assessment
David Murray

Brown and Caldwell
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Existing Disinfection Facilities

Roger Road Facility
Á Sodium hypochlorite feed system
Á Contact basins
Á Initial mixing
Á Instrumentation and control
Á Dechlorination

Existing Disinfection Facilities

HPO (West) Plant
Á Hypochlorite feed
Á Initial mixing
Á Contact basins
Á Instrumentation and control
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Existing Disinfection Facilities

Ina Road BNRAS Facility
Á Hypochlorite feed
Á Initial mixing
Á Contact basins
Á Instrumentation and control

Ina Road East Chlorine Contact 
Basin – Plan
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Ina Road East Chlorine Contact 
Basin – Cross Section

Existing Disinfection 
Operation and Contact Time
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Ina Rd East (BNRAS) Plant CCB 
Contact Time vs. Flow Rate

Ina Rd East (BNRAS) Plant CCB 
CT vs. Flow Rate
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Ina Rd East (BNRAS) Plant contact 
times

405080CT in Pipe (mg/L*min)

160

110
25
55
2
10

120230Total CT (mg/L*min)

80150CT in Contactor (mg/L*min)
2040Pipe contact time (min)
4075Contactor residence time (min)

22Approx. chlorine residual (mg/L)1

12.57 Flow (MGD)

1Applied chlorine dose target is 2.5 mg/L

Summary of Ina Rd East (BNRAS) 
Plant operations

Total chlorine residual primarily free 
chlorine
Á ammonia concentration ND

Low initial chlorine demand
Average residence times achieved in 
contactor 
Additional contact time in pipe flow prior 
to bisulfite quenching
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Ina Rd. West Plant theoretical flow

Assumptions;

ÁTotal Flow – 12.5 mgd BNRAS = Ina Rd. West Plant Flow

ÁWet Weather flow data from 2005

Á2005 total typical hourly flow values are representative of current flows

Ina Rd. West Plant CCB theoretical 
flow and residence time

0

2

4

6

8

10

12

14

16

5/31/06 6:00 PM 6/1/06 6:00 AM 6/1/06 6:00 PM 6/2/06 6:00 AM 6/2/06 6:00 PM

Fl
ow

, m
gd

0

40

80

120

160

200

R
es

id
en

ce
 T

im
e,

m
in

Flow Residence Time



33

Summary of Ina Rd. West Plant 
CCB flow and residence time

Typical flows 8-12 mgd
Á 40 – 60 min residence time

Max wet weather flow of 34 mgd
Á 15 min residence time

9 hours a day – flow less than 8 mgd
Á > 2 hr residence time
Á Stagnant
Á Great environment for microorganism growth

Ina Rd. West Plant contact times

1560Contactor residence time (min)

180

2
9

30Approx. CT (mg/L*min)

2Approx. chlorine residual (mg/L)1

34Flow (MGD)

1Applied dose approximately 6.5 mg/L with end residual of 1.7 mg/L



34

Summary of Ina Rd. West Plant 
Operations

Low applied chlorine dose
Total chlorine residual potentially mostly 
combined chlorine
Á Less efficient disinfectant

Potential microorganism growth during 
lower flows
Á residual decay
Á microorganisms protected by TSS

Fecal Coliform and E. coli
concentrations increased in 2006
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Fecal Coliform and E. coli versus 
TSS
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Increase in Fecal Coliform and E. 
coli at higher temperatures
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Increase in Fecal Coliform and E. 
coli at higher flows

0

50

100

150

200

250

300

350

0 5 10 15 20 25 30

Flow, mgd

M
PN

/1
00

m
L

Fecal
Coliform
E. Coli

Roger Rd. Plant contact times

192

48

4.0
38

172200Contact time  (mg/L*min)

4350Contactor residence  
(min)

4.04.0Approx. chlorine 
residual (mg/L)1

4035Flow (MGD)

1 Approximately 6.0 mg/L applied chlorine concentration
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Summary of Roger Rd. operations

Low applied chlorine dose
Á About 2 mg/L necessary to meet initial 

demand
Total chlorine residual potentially 
mostly combined chlorine
Á Less efficient disinfectant

Short residence time in contactors

Proposed Additional Studies

Initial mixing optimization
Contact basin dispersion
Control optimization
Chlorine residual/decay 
(volatilization) in contactor
Á Chlorine speciation
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Contact Time Definitions

Initial Mixing Optimization

To provide optimum contact between 
hypochlorite and influent to CCB
Initial mixing should be as short and 
complete as possible
Mixing can be evaluated with tracers
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Contact Basin Dispersion

Tracer studies to determine CCB 
efficiency
Required to assess effectiveness
Disinfection based on actual rather 
than theoretical contact time
Can lead to basin improvements

Control Optimization

Control by flow, oxidation reduction 
potential or chlorine residual
Optimize placement of chlorine 
probes and sample points
Can improve disinfection while 
reducing dose demand
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Recommendations
Identify chlorine concentration necessary to 
reach breakpoint chlorination (bench scale 
testing)
Á Each treatment plant
Á Determine combined vs. free chlorine concentrations

Optimize current disinfection
Á Increase applied chlorine dose to achieve higher free 

chlorine concentrations
Balance flow and chlorine concentration to Ina 
Rd. West Plant 
Á Limit stagnant periods

Part 3: Laboratory 
Assessment

Jennifer Phillips
Malcolm Pirnie, Inc.
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Existing Laboratory Facilities

Located at the Ina Road WPCF
Comprised of three divisions:
Á Micro Lab

Á COD, BOD, TSS, F. Coliform, E. Coli, etc.
Á Nutrient Lab

Á Nitrate-N, Nitrite-N, TKN, ammonia-N, etc.
Á Organics Lab

Á Metals

Existing Laboratory Facilities

Analyses typically completed within a week
Lab reports available within two weeks
QA/QC performed by a separate group
QC check of analytical equipment - daily
Calibration - quarterly
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Existing Laboratory Facilities

Incubator space limited
Á COD rather than BOD
Á E. Coli rather than Fecal Coliform

Chlorine residual measured with HACH DR 2800
Á Manufacturer - specified Detection Limit = 10 ppb
Á Actual DL = 29 ppb (Method Detection Level study)

On-line chlorine analyzer DL = 100 ppb
Á Cannot measure down to permit limits

Whole Effluent Toxicity (WET) Tests

WET tests originally performed on-site
1999 waiver reduced WET test 
requirements
Outside contract lab used presently
Permit now requires increased WET 
testing
County is considering resuming on-site 
WET testing
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Use of Contract Laboratories

Certified contract labs used
Á To relieve workload
Á Aquatic Consulting & Testing Inc., Tempe, AZ

Á For Whole Effluent Toxicity (WET) Testing
ÁGEI Consultants, Inc., Littleton, CO

“Lab” Building at the 
Roger Road WWTP

Located near the CCT
Currently not in use 
Staff planning to use it as process control 
lab
Has utility connections: Power, water, air, 
and possibly gas
Could potentially be used for bench scale 
testing 
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Wrap Up & Summary

Additional
Log

Removals
Needed

(FC / E.coli)

+0.5

+2.0

+2.2

+2.5

Current
Log Removal:

??

> 4 day ND

Max FC < 23

Max E.Coli < 15

= Bench study = Field study

Enhanced Chlorination: with or without Filtration?
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General Conclusions and 
Recommendations

Â Enhanced Chlorination  has high probability of
meeting the current BADCT

Â Concern is high with Enhanced Chlorination meeting
THM limits if free chlorine is dominant species

Â Without Filtration:
1)  likely will meet 4-day non-detect
2)  potentially will not meet the FC and E.coli max

OPINION:

SUGGESTED STUDIES/EVALUATIONS:
Á Gain confidence in understanding how the maximums can be met
Á Provide information toward basis of design

Team Contacts
Art Umble
Greeley and Hansen LLC
aumble@greeley-hansen.com
317-924-3380

Â Larry Leong
Kennedy/Jenks Consultants, Inc. 
949-261-1577
LarryLeong@KennedyJenks.com

Â David Murray
Brown & Caldwell, Inc.
503-977-6603
dmurray@brwncald.com

Sam Jeyanayagam
Malcolm Pirnie, Inc.
614-430-2611
sjeyanayagam@pirnie.com
Jennifer Phillips
Malcolm Pirnie, Inc.
602-241-1770
jphillips@pirnie.com
Jerry Bish
Greeley and Hansen LLC
602-778-8479
jbish@greeley-hansen.com
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Questions

Discussion

Debates

Next Steps

Wrap Up
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Enhanced Chlorination/De-Chlorination Evaluation 
Laboratory and Field Study Results and Conclusions 

Meeting Notes 
 
1.  Enhanced Chlorination/De-Chlorination Evaluation Workshop No. 3 regarding the future disinfection 

of the wastewater effluent in Pima County was held on September 12, 2007.  The agenda is attached.  
The following were in attendance: 

 
PCWMD 
Deputy Directors 

Jackson Jenkins 
Mike Bunch 

PCWMD Staff 
Jim Doyle 
Byron McMillan 
Jeff Prevatt 
Dave Bartos 
Ed Jandali 
Michael Kostrzewski 
Mandley Rust 
Ron Riska, Project Manager 

Legal 
Harlan Agnew 

TUCSON WATER 
Tucson Water Staff 

Melodee Loyer 
Wally Wilson 

 
GREELEY AND HANSEN 
Project Team 

Jerry Bish 
Art Umble 
Larry Leong, Kennedy/Jenks 
David Murray, Brown and Caldwell 
Jennifer Phillips, MPI 
Sam Jeyanayagam, MPI 

 
2. Major topics of the workshop were: 

Â Review results from laboratory and field studies performed during July and August 2007 
Â Review implications of results in terms of BADCT compliance 
Â Review recommended improvements to existing BNRAS chlorine contact basin to enhance the 

disinfection efficacy  
Â Establish disinfection criteria for future facilities upgrades and expansions 

A set of handouts of the presentation was provided to each attendee of the workshop. The following is 
a brief summary of the discussions and results.  

 
3. Kinetics Studies 

Results of the two studies conducted to examine the log inactivation of E.coli were presented.  The 
basic conclusion was that the system is likely to meet the BADCT’s requirement of 4 days of E. coli 
(or fecal) non-detects out of 7 days based on the current operational mode for the BNRAS plant, and 
the current chlorine contact basin design and operation of the chlorination injection system. 
 
The challenge with the current system is consistently meeting the single sample maximum limits for 
E. coli of 15 colonies per 100 ml.  If no improvements were made to the existing system, on average 
log inactivation achievable is greater than 4 logs.  But under the system’s “worst case” operating 
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condition (i.e., E. coli concentrations in the secondary effluent being at their maximum--based on 
measured data--at the same time the chlorine contact basin exhibits its poorest level of performance), 
this inactivation drops to 2.3.  It is under this scenario that the system is vulnerable to a single sample 
maximum limits violation. 
To reduce the vulnerability of single sample maximum violations, achieving a 5-log inactivation in 
the average condition is necessary. The kinetics generated by the modeled results indicate that greater 
than 5-log inactivation for an average is feasible.  But since the field study data shows that only 
slightly higher than 4-logs are being achieved on average, this indicates that there is a strong 
possibility that the existing facility can be improved.  Extrapolation of the kinetics results indicates 
that to achieve a 5-log inactivation, a CT of approximately 85 mg/L*min is needed.  Achieving this 
means that adjustment to the chlorine (hypochorite) dosage and upgrades to the chlorine contact basin 
are necessary to boost the CT. 
 
For purposes of conceptual design, a target of 100 mg/L*min will be used for any new chlorine 
contact basin construction at the metropolitan Pima County wastewater treatment facilities requiring 
disinfection.  Upgrades in design features of the contact basins focus on two improvement areas: 1) 
mixing of the sodium hypochlorite into the bulk fluid, and 2) improving the plug flow nature of the 
contact basin.  Modifications discussed related only to the existing BNRAS chlorine contact basin, 
but the basic modification requirements would apply to the high purity oxygen chlorine contact basin 
which is planned for use in the expansion and upgrades at the Ina Road WPCF.  In the new, and 
expanded and upgraded facilities, provisions should be provided to modify the CT up to 450. 

 
4. Field Studies 

Results from two detailed field studies were presented.  These were: 1) tracer results reflecting the 
mixing regime of the WaterChamp mixing in the influent chamber and the turbine mixers in the flash 
mix chambers, and 2) degree of dispersion of the plug flow as the flow travels through the contact 
basin.  Results indicate that mixing in the influent chamber can be improved by adding a second 
WaterChamp unit and positioning these to more central points in the chamber.  An alternative would 
be to use just one WaterChamp unit, but place it parallel to the influent flow with its injection 
discharge positioned upstream in the flow path.   
 
PCWMD staff suggested that the team also consider use of a static mixing regime in the channel 
upstream of the influent chamber to minimize any need for modifications to the influent chamber or 
to the chlorine contact tank.   
 
Upgrades to the flash mixing chamber include consideration of removing the mixers from service due 
to the significant degree of back-mixing that these mixers create, thereby dramatically reducing the 
plug flow efficiency in the channel. 
  
Upgrades to the chlorine contact tank include placement of corner fillets, a longitudinal baffle in the 
first pass, and a perforated transverse baffle at the end of the first pass, all of which would improve 
the plug flow characteristics.  Hydraulic head considerations must be examined before any of these 
options, particularly the perforated transverse baffle, are installed. 
 

5. pH Shift  
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The concept of shifting the operational pH of the water was presented as an option to consider for 
improving the effectiveness of the disinfection strength.  Though this option was not presented as a 
formal recommendation, it was suggested that the PCWMD staff may want to include this in their 
internal deliberations of measures to investigate for further improving the disinfection system 
performance.  This could be a factor if and when disinfection by-products become a regulatory issue 
for Pima County. 

 
6.  Additional Studies Recommended 

It was clarified for the attendees that the results of these studies did not address the implications of the 
enhanced chlorination process on whole effluent toxicity (WET) assays or on the formation of 
disinfection by-products (DBP).  It was suggested that the PCWMD laboratory director consider 
conducting a series of bench-scale tests to determine what, if any, impact on the WET and DPB 
elevated levels of chlorine dose might create.  It was also suggested that a set of jar tests be run to 
determine the probable levels of chlorine dose that will be necessary to support the CT = 100 
mg/L*min target.  It is likely that the dosage will be at least double (4 mg/L to 6 mg/L) what is 
currently practiced (2 mg/L) at the BNRAS facility. 

 
7. Consensus 

The project team, consisting of Larry Leong (Kennedy/Jenks Consultants), David Murray (Brown & 
Caldwell), Sam Jeyanayagam (Malcolm Pirnie), Jennifer Phillips (Malcolm Pirnie), and Art Umble 
(Greeley and Hansen) agreed unanimously on the conclusions of the studies and the proposed 
recommendations.  The PCWMD staff present accepted the team’s recommendations. 
 
The project team will prepare a final report that summarizes the studies, results, conclusions and 
recommendations.  Upon acceptance by PCWMD, this report will then become an appendix to the 
Regional Optimization Master Plan and the report recommendations incorporated into disinfection 
requirements for the new and expanded and upgraded facilities. 
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Agenda 
Enhanced Chlorination/Dechlorination Disinfection Process Review 

May 23, 2007 
 

Time Topic Presenter 

1:00 pm Ina Road WWTP Offices  

1:00 pm Opening Session Jerry Bish/Art Umble

• Welcoming Remarks  

• Review Agenda 

• Program Goals  

1:15 pm Results of Kinetics Studies  Larry Leong

• Data analysis 

• Implication of results for BADCT 

2:00 pm Velocity Profiles & Chlorine Residual Decay Jeff Prevatt
• Study results from tests on West HPO Plant CCB 
• Results of E.coli inactivation study (August 2007) 

2:30 pm Field Study Results Dave Murray

• Mixing analysis  

• Tracer dispersion analysis 

• Implications for BNRAS CCB  

3:15 pm Recommendations for BNRAS CCB Upgrades Art Umble 

3:45 pm Open Discussion Jerry Bish/Art Umble 

• Consensus  

• Next Steps 

4:00 pm Adjourn  
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WORKSHOP:
Enhanced Chlorination:
Field Studies – Protocols, Results, Conclusions

Pima County Wastewater Management Department

September 12, 2007

Overview of Workshop Purpose

• Review of Project Objectives
• How did we get to this point?
• Review of the Field Study Objectives
• What decisions need to be made today? 
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AGENDA

Review of the Kinetics Analysis
Review of the Field Study Results
Overview of Opinion
Overview of Recommendations
Next Steps

Review of Primary Objectives

PCMWD intends to meet BADCT
PCMWD desires to produce a Class 
A+ effluent quality
PCMWD desires to eliminate the need 
for Filtration + UV because of the 
economic impact on the utility
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Review of Decision Process
Literature

Overview and
Assessments

Can definitive
and confident decisions

be made
?

Develop
Lab / Field

Testing Plan

Log-removal
Dose/Contact
Bench Testing

Dispersion and
contact tank
CT field testing

NO

YES

Develop Preliminary
Engineering Scope

MAYBE
Legal

or technical
issues outstanding

?

Develop
Scope for
Resolution

Can definitive
and confident decisions

be made
?

YES

NO

Conduct
Resolution

Tasks

Articulate
Alternatives

May, 2007

August, 2007

September, 2007

None

General Technical Approach

Scope Addresses Several Essential Questions
Á What removal is required of the system to reach BADCT?
Á What is the overall removal “capability” of the system?
Á How do CCB physical characteristics relate to the disinfection efficiency?
Á Can the physical system be modified to improve efficiency?

Initial
Mixing

Contact Time

Flow Velocity

Residual Decay Scope Does NOT Address:
Á Dechlorination efficiency
Á WET “Reasonable Potential to Exceed”
Á Formation of DBP
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General Technical Approach

Kinetics:  What are the rate and 
characteristics of bacterial inactivation?
Mixing Efficiency:  How effective is the 
mixing energy at “breaking up” the 
particulates that shield organisms?
Flow Efficiency:  What is the relationship 
between the flow regime and the contact 
time of exposure?

General Technical Approach

C/Co

time

Rate and Characteristic of Inactivation

Initial
Mixing

Ideal Characteristic

Flow regime affects
dispersion Ą contact time

Mixing affects degree of  
dosage distribution Ą exposure

(C) x (T)

Fundamental
Design Parameter

More resistant organisms
and particle shielding

Chlorine consumed
by other demands

and particle shielding

Contact Time

Dosage affects potential for  
exposure Ą inactivation
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Studies conducted under pseudo 
diurnal flow pattern through BNRAS

General Technical Approach

Diurnal Flow
(PCWMD “forced” diurnal operation)

0.00
0.20
0.40
0.60
0.80
1.00
1.20
1.40

6 8 10 12 2 4 6 8 10 12 2 4 6

6AM – 10AM Č 0.8Qave
10AM – 2PM Č 1.3Qave
2PM – 1AM   Č 1.1Qave
1AM – 6AM   Č 0.7Qave

Part 1: Kinetics Study – Protocol; 
Results; Conclusions

Jeff Prevatt
Larry Leong
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Summarize Results

Two Studies
Á Kinetic Study – Evaluation of Site Specific 

Disinfection Behavior
Á 27-Day Study – Determine Disinfection 

Removal Goals
Observations, Recommendations

Kinetic Study*

Sampling locations
Á Secondary Effluent
Á Collected replicate samples, just outside mixing 

chamber = 2.25 minutes @12.5 MGD
Á Held for 5 to 90 minutes, neutralized, then tested

Determine Total Coliform and E. coli in 
triplicate
Nine trials on different days

*PCWMD performed study
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Typical Disinfection Kinetic Curves

A. Convex – initial 
lag
B. Linear – 1st Order
C. Concave
Á Multiple resistance
Á Clumps
Á Imbedded in particles 

or TSS C*t (mg/L*min)

C
/C

o

A

B

C

Total Coliform Kinetics

1.00E-06

1.00E-05

1.00E-04

1.00E-03

1.00E-02

1.00E-01

1.00E+00

0.1 1 10 100 1000
Dose*t (mg/L*minutes)

C
/C

o

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9

~30 mg/L*minutes



8

E. coli Kinetics

1.00E-06

1.00E-05

1.00E-04

1.00E-03

1.00E-02

1.00E-01

1.00E+00

0.1 1 10 100 1000
Dose*time (mg/L*minutes)

C
/C

o

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9

~30 mg/L*minutes
~ 85 mg/L*min

Reduced vulnerability
to violation of SSM

27-Day Study*

17 May to 10 July
BNRAS base loaded @ constant flow
Sampled at Secondary and Chlorinated 
BNRAS Effluent
Tested for E. coli
Evaluated observed & modeled results

*PCWMD performed study
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Modeling Approach

Convert Data to Z Distribution
Determine “average” removals
Determine “extremes” of the 
distribution

BNRAS 27-Day Study

51 10 20 30 40 50 60 70 80 90 95 99

R2 = 0.9165

R2 = 0.8112

R2 = 0.934
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Secondary Effluent
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Secondary Effluent
E. coli 

BNRAS Chlorine Contact Tank Effluent

15 E.coli max
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Four ND per Week Likely to be Met

If reporting limit is 2 MPN/100 ml, 
80 % of the time <2 with ~4.5 logs 
inactivation (modeled)
4 out of 7 = 57 % is BADCT req’t
Current BNRAS operations and 
contact basin design likely to meet 4 
ND out of 7 samples per week

27-Day Observed Vs Modeled

>53>510Modeled Log 
Inactivation

4.262.294.0510Observed Log 
Inactivation

43.711.510E. coli detected in CCT 
Effluent (MPN/100 ml)

MaxMinMedianSamplesData Source

These results indicate that bench-scale tests do not adequately represent
the physical characteristics of the CCB…
…this implies that possibility of improving the full-scale system exists.
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Meeting Max Limit may be 
Problematic

From Kinetic Study
Á 200,000 = max E. coli observed and 

applying min kinetic log activation (3.5 logs) 
Č 66 E. coli

E. coli Max. = 15 microbes/100 mL
Fecal Max. = 23 microbes/100 mL

3.82 log is required for 95% meeting max

From 27-day Study (under existing facility conditions)

Á 1 over E. coli Max out of 27 sample = 3.7 % 
For 365 days @ 3.7% Č 14 days of E. coli > Max*
Á 200,000 max E. coli observed + min log inactivation 

observed (2.29 logs) Č 1,025 E. coli**

Meeting Max Limit may be 
Problematic

*This is based ONLY on a test performed in a 27-day summer condition
**Worst case may be an unrealistic condition: highest secondary effluent E.coli

coupled with lowest E.coli removal through disinfection (data does not 
reflect that this condition exists). 
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Compliance Challenge for Meeting 
the Single Sample Maximum

363.790
183.9495

0>4.12100

Modeled Violations* 
of Max E. coli
(Days/Year)

Logs of 
Inactivation

Compliance 
Level 

(% of time) 

*This is based ONLY on a test performed in a 27-day summer condition
**Worst case may be an unrealistic condition: highest secondary effluent E.coli

coupled with lowest E.coli removal through disinfection (data does not 
reflect that this condition exists). 

Study Vs Full Scale CCB Results

1.2 logs less inactivation by CCB at full 
scale
Á Min Kinetic Study = 3.5 logs removal
Á Min of full scale CCT = 2.29 logs removal

This indicates that improvements to the 
CCB hydraulics (mixing and flow) may 
help provide the additional inactivation 
desired
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Part 2:  CCB Chlorine Residual Decay 
Profile Results; Conclusions

Jeff Prevatt

Part 3:  CCB Velocity Profile Results; 
Conclusions

Jeff Prevatt
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Part 4: Mixing Study – Protocol; 
Results; Conclusions

David Murray

Disinfectant Mixing Analysis

Flash Mix
Chamber

NaCl

WaterChamp™
Injector/Mixer

Flash
Mixer

Flash Mix Chamber

NaOCl

Tracer
Sensor

Entry Chamber
WaterChamp™

Injector/Mixer
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Disinfectant Mixing Analysis

19 min

to peak

9 min
to peak

15 min

~ HRT

3 min
~ HRT

Indicates flow
imbalance
between E & W
chambers

Pre-
Release

Mixing Analysis
Entry Chamber Vertical Profiles

Low Flow Test

Location 1

Brine Release 05:37-06:001

4

2

3

Background
Levels 

Sensor

Reasonably
good mixing
throughout
full depth

Spikes due to
electrolytes 
associated
with NaOCl
injection

WaterChamp™
near Position 3
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Pre-
Release

Mixing Analysis
Entry Chamber Vertical Profiles

Low Flow Test

Location 2

Brine Release 05:37-06:001

4

2

3

Pre-
Release

Mixing Analysis
Entry Chamber Vertical Profiles

Low Flow Test

Location 3

Brine Release 05:37-06:001

4

2

3

Mixing not
occurring at
these depths
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Pre-
Release

Mixing Analysis
Entry Chamber Vertical Profiles

Low Flow Test

Location 4

Brine Release 05:37-06:001

4

2

3

Pre-
Release

Mixing Analysis
Entry Chamber Vertical Profiles

High Flow Test

Location 1

Brine Release 14:38-15:001

4

2

3
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Pre-
Release

Mixing Analysis
Entry Chamber Vertical Profiles

High Flow Test
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Pre-
Release

Mixing Analysis
Entry Chamber Vertical Profiles

High Flow Test
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Conclusion from Mixing Study
Mixing in the East and West chambers are similar in 
characteristic
Mixing during low flow conditions is inadequate
Mixing during high flow conditions is reasonable
Vertical mixing in entry chamber is reasonable
WaterChamp™ appears to be providing mixing but its 
position in the influent chamber is not ideal
Modifications to the chamber should be done to 
reduce mixing time-to-peak and improve vertical 
mixing efficiency  
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Possible Modifications to Mixing 
Chamber

EAST
CCB

WEST
CCB

Existing
Mixer

1. Add second WaterChamp™; 
Position them in “central” area of influent chamber

2. Position 1 WaterChamp™ as a “counter-flow”

Influent
Chamber

BNRAS
2nd Effluent

Part 5: Dispersion Analysis – Protocol; 
Results; Conclusions

David Murray
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Dispersion Analysis
BNRAS East CCB – High Flow

Inlet

Mid-Tank

Outlet

Loss of tracer mass may be attributed
to threshold in detection distance from
sensor.

Moderate
deviation from
“plug flow”

Dispersion Analysis
BNRAS East CCB – Low Flow

Significant
deviation from
“plug flow”
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Dispersion Analysis

60% of tracer mass
passes outlet prior to
when theoretical Hydraulic
Residence Time occurs
for this flow condition.

BNRAS East CCB – High Flow

Dispersion Analysis

41% of tracer mass
passes outlet prior to
when theoretical Hydraulic
Residence Time occurs
for this flow condition.

BNRAS East CCB – Low Flow
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Dispersion Analysis
BNRAS West CCB – High Flow

Inlet

Mid-Tank

Outlet

Dispersion Analysis
BNRAS West CCB – Low Flow

Significant
deviation from
“plug flow”
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Dispersion Analysis
BNRAS West CCB – High Flow

62% of tracer mass
passes outlet prior to
when theoretical Hydraulic
Residence Time occurs
for this flow condition.

Dispersion Analysis

25% of tracer mass
passes outlet prior to
when theoretical Hydraulic
Residence Time occurs
for this flow condition.

BNRAS West CCB – Low Flow
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Dispersion Analysis

Theoretical HRT

32

East Basin
High Flow = 7 MGD

59

East Basin
Low Flow =
3.1 MGD

EAST CCB

Gap

NOTE: Additional contact time
is provided by effluent
pipe to dechlorination
process chamber

For CT ~ 85 mg/L*min, this
translates to approximately
twice or more of NaOCl dose

Dispersion Analysis

Theoretical HRT

31

West Basin
High Flow = 8.3 MGD

59

West Basin
Low Flow =
4.0 MGD

WEST CCB

Gap

NOTE: Additional contact time
is provided by effluent
pipe to dechlorination
process chamber



26

Drogue Observations

Drogue
Observations

Basin
Floor

Back-mixing
turbulence
from Mixer

Poor Tracking
Region

Good
Tracking

Good
Tracking

Moves
with current

Depth
of flow

Conclusions from Dispersion 
Analysis

Significant deviations from plug flow 
conditions exist during low flow periods; 
moderate deviations during high flow
Flow regime falls below theoretical HRT under 
low and high flow conditions Ą short-
circuiting
Additional contact time is present in effluent 
pipe conveying flow to dechlorination point
Severe turbulence caused by flash chamber 
mixer creates back-mixing in first pass of basin
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Part 6: Conclusions; Implications; 
Recommendations 

Art Umble

What have we learned?

Kinetics of
inactivation
for existing

field conditions

System can meet
4-day ND

System vulnerable
to violating SSM

Improve CT
Performance

Mixing and flow
characteristics

for existing
field conditions

Suggest Upgrades
to improve mixing
of NaOCl, to improve
contact time, and
to improve plug flow

Reduce
Vulnerability
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Recommendations

Improvements to CCB mixing and contact 
time should result in improved 
inactivation kinetics
What are these “improvements?”

Suggested System Modifications / Additions
Á Mixing chamber:  WaterChamp™ Location & Geometry of Chamber
Á Chlorine contact basin channels HRT increase
Á pH Reduction
Á Increases in chlorine dosage
Á Increased frequency of basin cleanings
Á Coating of basin walls and floor to resist bacterial growth
Á Chlorination Step Feed??

Possible Modifications to Mixing 
Chamber

EAST
CCB

WEST
CCB

Existing
Mixer

1. Add second WaterChamp™; 
Position them in “central” area of influent chamber

2. Position 1 WaterChamp™ as a “counter-flow”

Influent
Chamber

BNRAS
2nd Effluent
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Contact Basin Upgrade Concepts

9’

Perforated Baffle

Perforated
Diffuser Baffle (typ)

Longitudinal Baffle (typ)

Corner Fillets (typ)

Vortex
“splitter”

Vortex
“splitter”

NaOCl
feed

NaOCl Step Feed (typ)

pH Adjustment

Hypochlorous acid pKa reduces as 
temperature increases
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pH Adjustment

Reaction Equilibrium at 20oC

Reduce pH to increase fraction of HOCl in bulk liquid

65% HOCl
73% HOCl

7.1

34% HOCl

Range likely in CCB at 140 mg/L
alkalinity (as CaCO3) and 4 mg/L
of NaOCl dosed

pH Adjustment

Reaction Equilibrium at 32oC

58% HOCl

Range likely in CCB at 140 mg/L
alkalinity (as CaCO3) and 4 mg/L
of NaOCl dosed

70% HOCl

7.1

30% HOCl
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pH Adjustment
Add sulfuric acid (inexpensive Ą $100-$150/ton)

pH Reduction Using H2SO4

6.8

7.0

7.2

7.4

7.6

7.8

8.0

0 1 2 4 6 8 10

Acid Dosage, mg/L

pH

Recommendations
Question: Can these improvements result in meeting

maximum fecal and E.coli permit limits?
Answer: For 4-day ND?…Yes (assuming close monitoring)

For SSMs?…not 100% of the time;
upgrades expected to reduce vulnerability

For vulnerability to violate WET? …out of scope
For vulnerability to production of DPB? …out of scope
For vulnerability to violate Chlorine residual? …out of scope

Strongly recommend that PCWMD laboratory study the WET, DPB
and field Chlorine residual responses of the enhanced chlorination
process. 
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Recommendations

Laboratory “Jar Tests”
Á Establish the chlorine dosage necessary to meet 

required CT
Á Establish the level of DPBs generated that may impact 

either WET or APP in the future

Field Full-Scale Test
Á Verify efficiency of dechlorination to meet residual 

compliance for chlorine residual.

Recommendations
Proceed with modifications to the influent 
chamber, mixing chamber and CCB to improve 
the reliability of the process
Consider decommissioning flash mixers
Proceed with increased frequency of CCB 
cleaning to remove residual solids
Proceed with additional bench and full scale 
testing (PCMWD)
Confirm enhanced chlorination technology 
approach with ADEQ
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1.    Introduction 

1.1 Background 
The Pima County Wastewater Management District (PCWMD) currently owns, operates and manages a 
number of wastewater treatment facilities. Over the past year, the PCWMD has been involved in the 
development of the Regional Optimization Management Plan (ROMP).  This plan involves evaluation of 
the Pima County wastewater treatment facilities with several objectives including:  
  

1) Capacity to accommodate the population growth throughout the region, and  
 
2) Evaluation of the treatment technology necessary to achieve compliance with current and 
foreseeable future Arizona’s environmental water quality standards for discharge of treated 
effluent to waters of the state or for reuse.   

 
Addressing the disinfection of the plant effluent with respect to the latter objective is the focus of this 
report.  The report examines the efficacy of the existing disinfection technology employed in achieving 
future compliance.  The compliance standards are outlined in the State of Arizona’s Administrative Code 
for environmental regulations. These are referenced as “Best Available, Demonstratable Control 
Technology” (BADCT) standards for disinfection.  In addition, compliance with state’s water quality 
standards for treated effluent chlorine residual and Whole Effluent Toxicity is required by the Arizona 
Pollutant Discharge Elimination System (AZPDES) permit issued to PCWMD.  Additional potential 
issues of concern include formation of disinfection by-products and enteric virus removals to meet “Class 
A” water reuse standards. 
 

1.2 PCWMD Objectives 
The PCWMD has outlined three fundamental objectives for resolving the position of utilizing 
chlorination technology for disinfection at their major treatment facilities.  These are: 
 
Â Meet the BADCT standards  
Â Meet a “Class A+” effluent quality discharge 
Â Minimize the necessity for an estimated $70 million expenditure for a filtration and ultraviolet 

radiation technology approach for disinfection 
 
The set of studies described herein is focused on evaluating chlorination as a technology system for 
disinfection capable of meeting the objectives above reliably and consistently.  

1.3 Study Description 
The PCWMD desires to develop its position on meeting the BADCT standards and permit compliance 
requirements based primarily on evidence presented in three study documents:   
 

1) Literature review on chlorination as a disinfection technology for achieving BADCT standards 
and AZPDES permit limits  
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2) Analysis of data collected from laboratory and field studies to confirm and predict the 
technology performance; and  
 
3) A basis of design, based on findings of research studies and design standards for improvements 
to existing chlorination facilities.   

 
This report focuses on the results from the literature review.  It also includes results of assessments of the 
existing conditions of the Roger Road Wastewater Treatment Plant (WWTP) and Ina Road Water Pollutin 
Control Facility (WPCF) disinfection facilities.  The emphasis of the assessments is on the Ina Road 
WPCF since the ROMP calls for eventual replacement of the Roger Road facility. 
 
The literature review and the existing condition assessments provide preliminary information toward the 
ultimate decisions regarding use of chlorination technology for disinfection.  This information can be 
illustrated in a “decision-tree” process diagram, illustrated in Figure 1-1, and briefly described in Section 
1.3.1. 
 

Figure 1-1 
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1.3.1 Decision Process  
With the information gathered from the literature and condition assessments, the PCWMD can decide if 
there is sufficient evidence to confidently pursue a chlorination system as the disinfection technology.  If 
the decision is definitive, then the PCWMD would move directly to the conceptual design effort.  
However, if this determination cannot be definitively made, then additional laboratory and field studies 
are warranted. These studies would be designed to collect site-specific data related to the inactivation and 
destruction of potentially pathogenic microbes using the existing chlorination systems, or recommended 
enhancements to these existing systems.  The PCWMD then has a second opportunity to decide if the 
additional gathered research data is sufficient to move forward with conceptual design.  This report 
presents the findings from the literature review and the field assessments to allow the PCWMD to address 
the first decision point.    
 
It is hereby noted that all discussion included in this report with respect to disinfection system 
performance is based on the context of the disinfection facilities at the Ina Road WPCF, with specific 
emphasis on the disinfection process as part of the existing Biological Nutrient Removal Activated 
Sludge (BNRAS) process train, otherwise known as the “East Plant” at Ina Road WPCF. 
 

2.    Literature Overview 

2.1 Organization of Discussion 
Results of the literature search and review are summarized in five categories: 
 
Â Discussion of the framework of the Arizona BADCT standards in the context of other states with 

similar regulatory mechanisms, namely Florida and California 
Â Overview of the “survey of practice” for disinfection in municipal wastewater treatment with 

respect to treatment train process 
Â Discussion of the current and future issues surrounding enhanced chlorination technology 
Â Discussion of the implications of the PCWMD’s historical disinfection data from existing 

chlorination practices 
Â Proposed additional studies 

2.2 Standards and Regulations 

2.2.1 Arizona  
 
Title 18 of the Arizona environmental regulations details the rules associated with the BADCT, the 
Aquifer Protection Program (APP), the national pollution discharge elimination system (NPDES) 
permitting process, water reclamation for a Class B+ Effluent quality.  The basic compliance criteria for 
these rules as applied to disinfection technology are: 
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Â Fecal coliform and E. coli limits: 
− Non-detect in 4 out of 7 samples per week 
− Single sample:    < 23 fecal coliform/100 mL, or < 15 E. coli/100 mL 

Â Total Nitrogen:   < 10 mg/L 
Â Disinfection by-products:1 0.1 mg/L total trihlomethanes (TTHMs) (with 0.08 mg/L as an                              

“alert” level) 
Â Whole Effluent Toxicity 
Â Chlorine Residual:2  < 8 μg/L on a monthly average; < 11 μg/L as a daily maximum 

 
In terms of discharge permits, if a “Class A or A+” discharge quality is desired, monitoring of the effluent 
for viruses is required, along with associated limits. 

2.2.2 Florida 
In the State of Florida, “Chapter 62” has a similar set of regulations present with respect to discharge to 
surface water bodies and for water reclamation (i.e., discharge to a potable water supply).  In general, 
Florida’s criteria for disinfection technology are stringent and described in Table 2-1.  
 

Table 2-1 
 

 
Chlorine Contact Tank Influent 

(fecal coliform / 100 mL) 
Required CT 

(mg/L•min) 
Logs of Removal 

and (%) 
≤1,000 At least 25 3 (99.9) 

>1,000 – 10,000 At least 40 4 (99.99) 
>10,000 At least 120 >4 (>99.99) 

 
 
In addition, the Florida regulations limit Total Suspended Solids (TSS) in the chlorine contact basin 
influent to be less than 5 mg/L on a 30-day average.  Similar to the Arizona standard on disinfection 
efficacy, the Florida standard requires that non-detect of fecal coliform be achieved in 75 percent of the 
samples in a 30-day period, and that each single sample must be less than 25 fecal coliform/100 mL.  
 
A discharge permit in the State of Florida does include limits on specific microbes, i.e., Cryptosporidium 
and Giardia, when considering the reuse of water or when the discharge is to a drinking water source. 

2.2.3 California 
In the State of California, the concomitant regulations are found in Title 22, also known as the “Purple 
Book.”  California’s criteria are based on Total Coliform and enteric viruses (e.g., poliovirus, hepatitis A, 
human rotavirus, etc.).  This set of criteria imposes specific conditions on the reuse of treated water. 
 
                                                      
 
1 Cyanide will be regulated as a disinfection by-product because of its potential formation from chlorine-based 
reaction chemistry.  
2 NPDES permit requirement 
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The treatment goal under this standard for recycled water is a limit of <2.2 total coliform/100 mL for a 
disinfected secondary effluent, based on a 7-day median.  Only one sample in a 30-day period can exceed 
23 TC/100 mL, and a maximum for that sample of < 240 TC/100 mL.  The reuse of this water is limited 
to surface irrigation of food crops where the edible portion is produced above ground and is not in direct 
contact with the recycled water. 
 
For recycled water from tertiary treatment, the California regulations are stringent.  In addition to meeting 
the < 2.2 TC/100 mL (same conditions as the treated secondary effluent), the regulations require the 
tertiary effluent to be filtered and have a contact time (CT) of 450 mg/L•min along with a modal contact 
time > 90 minutes under peak, dry weather design flow conditions.  This technology must demonstrate at 
least 5 logs of removal for Ms2 or poliovirus.  This level of treatment allows the water to be used for 
irrigation of edible root crops where the recycled water can be in direct contact with the edible portions.  
Additionally, these waters can be used for irrigating parks, playgrounds, residential landscapes, golf 
courses, and are applicable to groundwater recharge for reuse. 
 
Discharge permits in California require monitoring for viruses when discharge is utilized for reuse.  
However, if the technologies employed achieve greater than 5 log removals, then no monitoring is 
required.  The critical issue here is the definition of the “technology,” which is set by the State’s 
Department of Health and Safety rather than the Department of Environmental Quality. 

2.2.4 Operational Issues 
A set of phone interviews were conducted with operators of some of the Bardenpho facilities (comparable 
to the future PCWMD facilities) to determine if there were operational issues over and above compliance 
issues that favor one disinfection technology approach over another.  In each case, no specific problems 
or violations were reported after a completed start-up procedure.  However, several reported that the time 
for bringing the process under full operational control required 6 months to a year.  Also, in a number of 
cases, operators reported experiencing problems with scum and floatables in the contact facilities.  
Finally, most operators stated that in order to meet a ≥ 4 day fecal coliform non-detect criteria, filtration 
was recommended.    

2.2.5 Additional Current Issues 
There appears to be evidence that consistently and reliably meeting maximum limits for fecal coliform 
and E.coli criteria (such as those outlined for PCWMD) is a technological and operational challenge. This 
also does not seem dependent on whether or not filters are used with either a chlorine or UV-based 
disinfection system approach. 
 
When considering the process of enhanced chlorination, in which higher chlorine doses along with longer 
contact times, additional compliance requirements may arise.  These relate mostly to complying with 
WET test criteria for chlorine residual, ammonia, and sulfite (resulting from dechlorination systems). 
With the increased chlorine dosages, there is the higher probability of increases in chlorinated disinfection 
by-products (THMs and haloacetic acid (HAA5s)).  There is also the possibility that cyanide would be 
included in this disinfection by-products (DBP) group of regulated compounds. 

2.2.6 Potential Future Issues 
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Profile of Disinfection Technologies
at Major US POTWs

The regulatory horizon is not clear as to what new regulations on treated effluents will be issued over the 
next few years.  However, in Arizona, it is possible that enteric viruses will be added to the regulation for 
discharge waters slated for greater than Class A quality reuse as potable aquifer recharge. In Florida, it 
seems possible that enterovirus will be added to the regulations for water recycling programs and a lower 
THM/HAA5 limit.  These lower limits on DBPs may be actually lower than those imposed for drinking 
water standards.  In California, for groundwater recharge recycling programs, the inclusion of N-methyl-
D-aspartic acid (NDMA) is possible, as well as new, much lower limits on THMs/HAA5. 

2.3 Survey of Practice 

2.3.1 Disinfection 
In the United States, chlorination technologies have dominated disinfection practices in the municipal 
wastewater treatment industry for decades.  However, that dominance has been declining in recent years, 
primarily due to changes in environmental regulatory policy and shifts in public’s perception for what is 
safe practice in utilizing hazardous chemicals.  Thus, there is has been an increase in the application of 
ultraviolet (UV) radiation as a disinfection technology.  Figure 2.1 illustrates the breakdown of 
disinfection practices across the US (based on 2006 data). 
 
When considering the comparison of the PCWMD facilities at Ina Road WPCF and Roger Road WWTP 
to comparable facilities across the US in terms of disinfection practice, in general UV makes up less than 
18 percent of the technologies employed.  This is depicted in Table 2-2. 
 

Table 2-2 

Treatment Plant Flow Range 
(mgd) 

No. of POTWs No. of Plants 
Utilizing UV 

Roger Road 22 - 42 149 25 
Ina Road 40 - 60 67 10 
Combined 72 - 92 18 1 

 
It is interesting that though UV appears to be gaining favor in the US, there remains an inverse correlation 
between size of plant and utilization of UV as the disinfection technology.  This may be related to higher 
capital and O&M costs generally associated with larger installations.  
 

Profile of Disinfection Technologies
at Major US POTWs

Figure 2-1  

 

Chlorine - 75%

e - .9%

UV - 20.8%

Ozone - 0.2%

Non 3

Chlorine - 75%

UV - 20.8%

Ozone - 0.2%

e - .9%Non 32.3.2 Treatment Process 
 
 
 
 
Currently, the Ina Road BNRAS 
facility utilizes a nutrient removal 
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system similar to the future Bardenpho treatment process.  A Bardenpho process designed to maximize 
reduction of total nitrogen from the wastewater stream typically consists of a minimum of a treatment 
train of 4-stages in series.  In the United States today, there are 45 major POTWs (design flow rates of 1 - 
24 MGD) that utilize the Bardenpho process.  The State of Florida dominates in the number of Bardenpho 
plants with 22, followed by Maryland with 8.  Nine states, which include Arizona, have one or two such 
plants.  (Interestingly, of these 45 major plants, 12 employ UV as the disinfection technology.) 

2.3.2.1 Relationship of Process and Disinfection Technology to Microbial Violations 
 The Bardenpho process is generally considered capable of producing a high quality secondary effluent.  
This high quality should improve the efficiency of the downstream disinfection process, and thus translate 
to fewer violations of the permit for microbial criteria. A summary of these findings is given in Table 2-3.  
From this data, of the 17 Bardenpho plants with microbial performance violations, 11 were plants that 
utilize chlorination with filtration.  However, only 3 Bardenpho plants that practice only chlorination 
experienced violations.  The type of violation is also important to note.  Of the violations listed, the most 
common was violation of the single sample maximum.  Only one Bardenpho plant showed a violation of 
a periodic average.  It should be noted that conclusions cannot be drawn from this information with 
respect to relationship between disinfection technology and violation.  It is not known in any of the cases 
listed the cause of the violation.  However, what the information does show is that merely adding 
filtration to either UV or chlorination disinfection technology is not a fail-proof guarantee against 
violation.  
 

 Table 2-3 
 

 
Disinfection 
Technology 

Flow 
Range 
(mgd) 

No. of 
POTWs 

No. of POTWs with 
Microbial Violations

of Maximum* 

No. of POTWs with 
Microbial Violations 
of Periodic Average* 

UV 17 1 1 (6) 0 
Filtration + UV  12, 15 2 1 (2) 0 
Chlorine 4 - 22 3 1 (1) 0 
Filtration + Chlorine  6 - 24 11 8 (25) 1 (1) 

( ) = total number of violations for category 
 

2.3.2.2 Relationship of Process and Disinfection Technology to WET Violations 
Because the Whole Effluent Toxicity (WET) test is an element of compliance, the violation of a WET test 
from these same 17 Bardenpho plants was examined.  The results are shown in Table 2-4.  Similar to the 
microbial violations, the violations of WET were found to be highest at the Bardenpho plants that use 
filtration with chlorination.  This could be argued as significant since these occurred at 10 different plants.  
On the other hand, though the plants having only chlorine as their disinfection technology made up the 
majority of other WET violations (6 water flea violations and 4 minnow violations), these each occurred 
at only one facility.  Again, the information in Table 2-4 indicates that merely adding filtration ahead of 
either UV or chlorination disinfection technology is not a fail-proof guarantee against a WET violation. 
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Table 2-4 
 

Disinfection 
Technology 

Flow 
Range 
(mgd) 

No. of 
POTWs 

No. of POTWs with 
WET Violations 
of Water Flea* 

No. of POTWs with 
WET Violations 

of Minnow* 
UV 17 1 1  0 
Filtration + UV 12, 15 2 1  0 
Chlorine 4 - 22 3 1 (6) 1 (4) 
Filtration + Chlorine  6 - 24 11 10 (23) 5 (25) 

( ) = total number of violations for category 
 

2.3.2.3 Relationship of Process and Disinfection Technology to THM Violations 
There are few plants in the US that currently operate under permits with limits for total trihalomethanes 
(disinfection by-products).  Of the seven facilities found in this study to have such limits, each is 
configured with filtration followed by chlorine for disinfection.  Thirty-seven disinfection by-product 
violations (TTHM and dichlorobromomethane, primarily) have been reported from these seven facilities.  
Perhaps more significantly, the violations for 6 out of the 7 facilities correlated closely with violations of 
maximum concentration limits and with WET operational issues 

2.4 Implications from Preliminary Analysis of PCWMD Performance Data 
As the PCWMD continues forward with consideration of utilizing an enhanced chlorination technology 
approach for its wastewater treatment facilities, it is important to conduct a cursory review of the 
available disinfection performance data from current operations in the context of the literature findings.  
From this review, and using a statistical approach, inferences can be made as to whether or not the 
enhanced chlorination approach could be successfully applied (meaning reliable and consistent in meeting 
standards) at the PCWMD facilities. 
 
This review focuses on Ina Road WPCF performance data from the period of January 2004 through April 
2007. The first step in this review is to develop a frequency distribution of the available data.  This 
analysis involves tabulating the MPN/100 mL for fecal coliform and E.coli into categories of percent of 
occurrence.  These are then plotted on log-scale as a function of percent of occurrence.   
 
Figure 2.2 is a plot of the disinfected effluent data provided by PCWMD.  The general trend of this data 
follows seasonal patterns, with higher values in the summer months, corresponding to higher 
temperatures and wet weather conditions. 
 
 

8 
J:\Projects\Pima Co WM\05302-ROMP\06 Gen Studies-Rpts\6.1 Report\App G-Enh Chl\Phase I Report - Lit Reviews (3).doc 



Pima County Wastewater Management District 

Enhanced Chlorination Study 

Phase I:  Literature Review and Assessments 
 
 

Figure 2-2 
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This data for both fecal coliform and E.coli were found to follow a log-normal distribution.  This data was 
then plotted into a cumulative frequency distribution diagram, illustrated in Figure 2-3. Implications for 
PCWMD from this frequency distribution are important to recognize.  Several most probable number 
(MPN) levels are noteworthy.  First, is the threshold of 1 MPN.  This threshold essentially represent the 
non-detect level.  So, in order to reliably meet the 4-day non-detect requirement, the majority of the fecal 
coliform data (probably at least 75% to 85%) would need to plot below this line.  Of the data analyzed, 
approximately 20% of the fecal coliform samples historically fall at or below this level. 
 
Secondly, approximately 70% of the E.coli data falls below the threshold of the maximum limit of 15 
MPN/100 mL and approximately 75% of the fecal coliform data falls below the threshold of the 
maximum limit 23 MPN/100 mL.  Any fecal coliform and E.coli value plotted above these respective 
thresholds represent potential violations of a maximum limit under the BADCT standard.  Here again, in 
order to sustain reliable, fail-proof compliance, 100% of the fecal coliform and E.coli data would need to 
plot below the 23 MPN and 15 MPN lines, respectively. 
 
Results of this plot point to the number of logs of removal that must be reached in order to have the 
cumulative relative frequency consistently fall below the thresholds.  For the data analyzed, an additional 
1.5-log removal of would be necessary to consistently achieve the 4-day fecal coliform non-detect 
standard. To reliably achieve the < 23 MPN maximum limit, an estimated additional 2 logs of removal 
would be necessary. For E.coli, approximately 2.2 logs of additional removal performance would be 
necessary to meet the < 15 MPN maximum limit. 
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Figure 2-3 
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Close observation of the results of this frequency distribution analysis is that only a few outlier points of 
fecal and E.coli plot above 1000 MPN.  These outlier events make up less than 0.5% of the data.  If these 
points are removed from the analysis, the increase in log-removal necessary to meet the maximum limit 
requirements is less, i.e., approximately, 1.2 and 1.4 for fecal coliform and E.coli, respectively. This 
raises several important questions for the PCWMD to address. 
 
1. What level of risk of maximum limit violations (of the sort that make up these few high value 

outliers) should the PCWMD be willing to accept? 
2. Is there a point in the cost/benefit analysis, beyond which, the cost to provide facilities to ensure 

consistent and reliable compliance that includes the outlier events returns no additional benefit to the 
PCWMD? 

3. Should the PCWMD build enough facilities as much as necessary to ensure maximum probable 
compliance? 

 
It is important to note that the data presented in Figures 2-2 and 2-3 represent microbial samples taken 
from the blended effluent from the BNRAS and the High-Purity Oxygen (west) plant, and therefore the 
exact contributing source is unknown.  But literature does indicate that upstream process does play a role 
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when determining the level of log-removal necessary.3  Biological nutrient removal systems appear to 
achieve at least 1-log lower fecal coliform count in the effluent when compared to conventional activated 
sludge systems.  This is outlined in Table 2-5. Because the PCWMD employs a biological nutrient 
removal process, it is likely that the actual log-removal required will be lower than what is shown in 
Figure 2-3 since what is presented is a blended effluent condition.   
 

Table 2-5 
 

 
Secondary Effluent FC / 100 mL Estimated Log-

Removal to 4-day ND 
Activated Sludge 29,300  4.7 
Nitrified Activated Sludge 37,000  4.8 
Biological Nutrient Removal 3,600 3.8 

 

2.5 Studies to Establish Kinetics of Microbial Inactivation on PCWMD Effluent 
Results of the data analysis discussed Section 2.4 suggest that a decision to accept the enhanced 
chlorination as the appropriate process for PCWMD and to proceed directly to a conceptual basis of 
design effort for the enhanced chlorination process (first critical decision point in the flow-chart diagram 
shown in Figure 1-1) would be premature at this juncture.  Therefore, the following additional studies are 
recommended to provide additional information to support an informed decision.  

2.5.1 Disinfection Kinetics 
Degree of inactivation of microbes under exposure to an oxidizing (disinfecting) agent depends on both 
the dose of the agent and time that the organism is held in contact with that agent.  Mathematical models 
exist to describe this relationship and provide valuable insight into the effectiveness of a given 
disinfectant.  A model known as “Crick’s Law” is perhaps the most widely used.  This maps the 
relationship between the concentrations of viable organisms present, with respect to an initial 
concentration, as a function of the time that the organisms are exposed to the disinfectant and the dose 
applied to create the exposure.  A true “1st Order” response plots as a straight line on a log-log plot.  
However, such models do not take into account the variability in characteristics commonly found in 
wastewater effluents.  The more common response for wastewater effluent can be illustrated in Figure 2-4 
(hypothetical data shown). 
 
Effective disinfection would be representative of a 1st Order inactivation relationship.  With respect to the 
PCWMD facilities, if the disinfection kinetics show a true 1st Order relationship, perhaps effluent filters 
would not be necessary. However, as the figure illustrates, there are often departures from this 
relationship, represented by the “lag” or the “tail” responses.  In the case of the “lag” followed by a 
relative 1st Order response, this represents a condition where particulate constituents in the suspending 
liquid react initially with the disinfectant, and essentially render the disinfectant inactive for a period of 
                                                      
 
3 Rose, J., et al., WERF 2004 
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time.  The implication of this for the PCWMD would be an adjustment to the disinfectant dose being 
applied. In the opposite, or “tail” case, this is reflective more of the presence of large particles in the water 
column shielding the organisms from the disinfectant.  The slope of this “tail” is reflective of the size 
distribution of particulates that are present.  With respect to the PCWMD facilities, a kinetic response 
with the “tail” could be an indicator that effluent filters would be a necessity. 
 

Figure 2-4 
 

 

It is not uncommon for the kinetics to show a combined response between these two phenomena.  Figure 
2-5 shows the effluent TSS and biochemical oxygen demand (BOD) data from the Ina Road WPCF.  This 
data illustrates that TSS does indeed fluctuate with season, presumably concomitant with seasonal flow 
variation and therefore may influence disinfection kinetics.  (Again, it is recognized here that the effluent 
TSS and BOD values reflect the combined BNRAS and HPO plant effluents).     
 
Results of the kinetics analysis provides insight into the design of a chlorine disinfection system, both in 
terms of the initial mixing of the chlorine with the bulk liquid, and with the contact time required for 
reaching the desired inactivation levels. 
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Figure 2-5 
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2.5.1.1 Recommendation: Disinfection Kinetics Study 
It is recommended that the PCWMD conduct a bacteriological inactivation study to establish the kinetics 
associated with the PCWMD effluent.  It is recommended that the BNRAS secondary effluent4 at the Ina 
Road WPCF be used as the source for the kinetics evaluation.  Pragmatically, this test establishes the 
overall contact time, “T” in the “CT” product necessary to meet the BADCT. 
 
This study would pull samples from the fully mixed region of the chlorine mixing chamber immediately 
upstream of the chlorine contact basin and use “bench holding times” to simulate the chlorine contact 
time.  The test should be conducted for both fecal coliform and E.coli.  It is recommended that the test be 
repeated through at least seven independent sampling events, with multiple replicates of fecal and E.coli 
runs for each set. This ensures reasonable integrity for the statistical analyses.  To set the baseline 
concentrations (Co) of the target organisms, an unchlorinated, unfiltered sample must be drawn upstream 
of the mixing chamber and chlorine injection point.  To examine the kinetic effects of increased TSS that 
may be present, it is recommended that this baseline concentration sample be drawn from the secondary 
clarifier having the poorest performance.  As an alternative, a TSS spike can be added to the baseline 
sample to simulate high solids conditions.  To enhance the analysis, it is further recommended that 
methods be used that can detect fecal coliform to levels less than 0.02 MPN/100 mL.  

                                                      
 
4 The PCWMD master plan calls for the new facilities to be designed and constructed as Bardenpho, but operated as 
a BNRAS, similar in process configuration to that of the existing “east” plant at Ina Road. 
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2.5.1.2 Recommendation: Microbial (Fecal Coliform and/or E.coli) Characterization Study  
It is clear from the historical data provided by PCWMD that there exists a degree of variability in the 
effluent concentrations of the target organisms throughout different times of the year.  This variability 
refers to variability in influent flow.  Generally, higher TSS is attributed to higher flows.  This is 
evidenced by the data shown in Figure 2-6, where a correlation exists between plant flow and microbial 
counts in the final effluent at the Ina Road facility. 
 

Figure 2-6 
 

  

 

0

50

100

150

200

250

300

350

0 5 10 15 20 25 30

Flow, mgd

M
PN

/1
00

m
L

Fecal
Coliform
E. Coli

 

The data shown in Figure 2-7 shows the relationship between microbial counts in the effluent with 
different times of the year.  Though this figure seems to imply that the summer months represent a 
significant challenge on disinfection performance, this data set is somewhat misleading.  During the latter 
months of the summer of 2006, the new BNRAS facility (east plant) at Ina Road was brought on line. 
During that time, disruption to normal operation was inevitable resulting in microbial counts higher than 
normal. However, operators do confirm that summer conditions do pose more stress on the chlorination 
system than at other times of the year. 
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Figure 2-7 
 

 
It is important, then, to examine the disinfection effectiveness in the context of this variability. This study 
consists of measuring the concentration of the target microbe(s) at a point immediately upstream of the 
chlorination injection/mixing and immediately upstream of dechlorination.  The efficiency of the dosage 
combined with the contact time results in a total inactivation (i.e., total logs removed).  Essentially, this 
test establishes the necessary residual concentration “C” of the disinfectant, for the “CT” product.  This 
residual is typically measured at the end of the contact “flow path” just prior to dechlorination. 

0

50

100

150

200

250

January March April May June July August September October November December

Date

M
P

N
/1

00
m

L

2005 Fecal Coliform

2006 Fecal Coliform

2005 E coli

2006 E coli

 

 
This study will provide the evidence necessary to support or refute meeting the 4-day non-detect BADCT 
criteria.  If it is found that > 6 logs of removal is necessary (particularly under conditions of high flow and 
high TSS) to ensure the 4-day non-detect can be reliably met, then it is probable that the enhanced 
chlorination process is not the appropriate disinfection process for this treatment plant.  If, on the other 
hand, it is found that < 4 logs of removal (again, particularly under high flow and solids conditions) is 
required to sustain a 4-day non-detect compliance, then it is possible that enhanced chlorination may 
indeed be the right choice, and that filtration may not be necessary.  For a removal level somewhere 
between these two “targets,” filtration will likely need to be considered. 
 
Ideally, a collection of between 10 and 30 data points (each collected under a variety of flow and 
suspended solids conditions) would sufficiently characterize the inactivation response of the target 
organisms under the chlorination dose and contact times provided by the existing system. 
 
It is recommended that this test be performed on the BNRAS secondary effluent. 
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2.5.1.3 Availability of Laboratory Facility to Conduct Kinetics Studies  
The Ina Road WPCF laboratory facility consists of three divisions:  microbiology, nutrients, and organics.  
In general, analyses are completed within one week of sample and lab reports are available within two 
weeks. All QA/QC functions are performed by a separate group, and QA/QC of analytical equipment is 
conducted daily with calibrations conducted monthly. 
 
The challenge for the laboratory in conducting the microbial tests described above is available incubator 
space.  Consequently, it is the laboratory staff’s preference to conduct E.coli testing rather than fecal 
coliform.  It is recommended that the PCWMD consider augmenting laboratory services, if necessary, to 
conduct the above tests.  Currently, as demand requires, the laboratory facility does contract analytical 
services to an outside source (Aquatic Consulting & Testing, Inc., Tucson, AZ). 
 
The Whole Effluent Toxicity (WET) testing was initially performed on-site.  But in 1999, the Arizona 
DEP issued a waiver that reduced the WET test requirements.  Since then, this test has been contracted to 
an outside laboratory (GEI Consultants, Inc., Littleton, CO).  However, the new permit requires an 
increase in the WET test frequency.  The PCWMD is therefore considering resumption of on-site WET 
testing.  Depending on the timing of the WET testing, this should be taken into consideration with respect 
to the resources required for the above described studies. 
 

3.    System Assessments 

3.1 Existing Disinfection Facilities5 
At the Ina Road WPCF, two parallel treatment process trains exist.  The “west” plant is a conventional 
high-purity oxygen (HPO) process rated fro 25 mgd.  The “east” plant is a biological nutrient removal 
activated sludge (BNRAS) process rated at 12.5 mgd.  Currently, the BNRAS plant is operated at a 
constant, steady-state flow (flatlined), while the HPO operates under diurnally fluctuating flowrates.  
Each treatment train is served by its own hypochlorite disinfection system (including instrumentation and 
controls).  Effluent from each chlorine contact basin is then combined prior to dechlorination and final 
discharge.  Compliance of microbial criteria is monitored downstream of the dechlorination point, just 
prior to final discharge. 

3.1.1 BNRAS Plant Disinfection System 
 
The chlorine-based agent used for disinfection is hypochlorite.  The contact basin for the BNRAS plant 
consist of two parallel, square flash mix chambers (outfitted with both a vertical turbine mixer unit and a 
Water Champ® for hypochlorite injection), followed by two parallel, serpentine plug flow contact 
channels.  Secondary effluent flow is split evenly between the two parallel configurations. The schematic 
plan and cross section of this system is shown in Figure 3-1.  

                                                      
 
5 The PCWMD master plan calls for decommissioning the existing Roger Road WWTP and replacing it with a new 
facility.  Therefore, this report does not address disinfection facilities at Roger Road WWTP. 
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 Figure 3-1 
 

 

 
Understanding the hydraulic characteristics of the geometry of this basin system is critical to the issue of 
determining if an enhanced chlorination system is the most appropriate technology to reliably and 
consistently achieve the BADCT standards.  Hydraulic retention time (HRT) as a function of flowrate 
provides the theoretical basis for establishing CT.  This is depicted in the graphs in Figure 3-2 for the 
flow ranges typically seen through the BNRAS process. 

 

 
Figure 3-2 
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These graphs indicate that for flows ranging from 7 to 12.5 MGD, the theoretical HRT ranges from 
approximately 75 minutes to 40 minutes, respectively.  Approximately 40 and 20 minutes of additional 
residence time for contact are provided to the 7 mgd and 12.5 mgd flowrates, respectively, to account for 
the travel time in the 48-inch discharge pipe that conveys the flow from the basin to the dechlorination 
chamber.  Table 3-1 shows the range of theoretical CT values applicable to this facility under a range of 
chlorine residuals.  The highlighted row represents the typical target of operation practiced currently by 
the PCWMD for the BNRAS plant. 
 

Table 3-1 
 

Chlorine 
Residuala

BNRAS 
Flowb

HRTt
c  CTt

d  BNRAS 
Flow 

HRTt  CTt  BNRAS 
Flow 

HRTt CTt

2.0 7.0 75 150 10.0 55 110 12.5 40 80 
4.0 7.0 75 300 10.0 55 220 12.5 40 160 
6.0 7.0 75 450 10.0 55 330 12.5 40 240 
8.0 7.0 75 600 10.0 55 440 12.5 40 320 
10.0 7.0 75 750 10.0 55 550 12.5 40 400 
12.0 7.0 75 900 10.0 55 660 12.5 40 480 

   NOTE:  a = mg/L; b = mgd; c = theoretical HRT of basin only, minutes; d = theoretical CT, mg/L•min 
 
Another observation of the BNRAS chlorination system is that the total chlorine residual registers 
primarily as free chlorine.  This is because the current operation of the BNRAS process achieves 
essentially full nitrification.  Therefore, the amount of chlorine applied to the disinfection process would 
be beyond the theoretical breakpoint.  The applied dosage is likely in the range of 2.5 mg/L.  This 
breakpoint concentration is consequently relatively low. 
 
It is important to note that the presence of significant concentrations of free chlorine increases the 
potential for the formation of disinfection by-products (THMs) that can have compliance implications.  
This is particularly critical when employing an enhanced chlorination process because the amount of 
chlorine dosed is generally much higher than what is being practiced in the current system.  

3.1.2 HPO Plant Disinfection System 
Similar to the BNRAS chlorination system, the HPO (west) plant’s system also utilizes hypochlorite as 
the disinfecting agent.  The chlorine contact basin consists of a serpentine plug flow contact basin. The 
major difference between the BNRAS and the HPO systems is that the HPO system sees a variable 
flowrate, reflective of the typical diurnal fluctuations entering the Ina Road WPCF.  Because the BNRAS 
is flatlined at a constant rate, it is not uncommon for the HPO facility to see essentially zero flow for 
periods of the daily lowest flows in the early morning hours.  The theoretical hydraulic residence time for 
the HPO basin therefore varies widely because of these highly variable flow conditions.  Results are 
illustrated in Figure 3-3.  For those periods when flows through the HPO reach zero, the theoretical HRT 
has no physical meaning.  This is an important observation because during these periods the chlorine 
contact basin enters stagnant conditions.  Significant residual decay is possible during this time, 
permitting microorganisms to grow.  Secondly, because of the highly variable flow, there is a greater 
opportunity for solids to enter the basin during high flows, thereby shielding microbes from chlorine 
exposure.  
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Figure 3-3 
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In the HPO case, the total chlorine residual consists mostly of combined chlorine, indicating that the HPO 
plant does not fully nitrify as is expected.  Combined chlorine is a less effective disinfectant than free 
chlorine.  Though the chlorine dose applied to the HPO secondary effluent is currently relatively low, it is 
likely that a much higher dose would be needed to reach breakpoint.  Current data indicates that the 
applied chlorine dose is in the range of about 6.5 mg/L in order to sustain a combined residual of around 2 
mg/L. 
 
It should be noted that disinfection at the Ina Road WPCF is also affected by water temperature.  In 
general, data provided indicates that higher fecal coliform and E.coli counts in the disinfected effluent 
correlate closely with increases in water temperature.  This is shown in Figure 3-4. This phenomenon 
may be attributed to several factors. First, at higher temperatures, there is an increase in microbial 
activity. Secondly, the intense sunlight in the summer months photochemically breaks down available 
chlorine (primarily in the upper 18-24 inches of the flow depth), rendering the chlorine weaker in 
disinfection effectiveness. 
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Figure 3-4 
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3.2 Studies to Establish Hydraulic Characteristics to Support Enhanced Chlorination 
Results of the field assessment of the Ina Road WPCF disinfection facilities indicate that consistent and 
reliable compliance with BADCT standards requires a thorough evaluation of the existing BNRAS 
chlorine contact basin hydraulics.  Basin hydraulics holds a significant influence over the true time that 
the target organisms are exposed to the disinfectant dosage. 
 
Hydraulic influence on disinfection efficiency is best described by two fundamental regimes: mixing 
efficiency and plug flow.  In the case of mixing, it is critical that the injected chlorine be thoroughly 
mixed with the water column of secondary effluent as rapidly as possible at the point of injection.  In the 
secondary effluent there are a number of constituents other than the target organism that create a high 
demand for chlorine.  Therefore, efficient mixing improves the opportunity for chlorine to come in 
contact with more of the target organisms rather than being lost to other constituent demands.  This has an 
impact on chlorine dose and the resulting downstream contact time required for inactivation reactions to 
reach completion. It is important, then, to understand how the geometry or the mixing chamber, along 
with the mixing devices used influence the initial chlorine distribution throughout the water column.  
 
Conventional design of chlorine contact basins provides a large length-to-width ratio to develop as close 
to a true plug flow condition as possible.  In theory, plug flow conditions maintain an optimal 
concentration of disinfectant in contact with the target organism because plug volume experiences little 
dispersion.  In reality, however, some dispersion of the plug volume does occur.  The geometry of the 
constructed physical tank determines the degree of dispersion.  Because of dispersion, some of the flow in 
a given control plug volume will advance through the basin at a rate faster than the theoretical rate, while 
other parts of that same volume will pass through slower.  These phenomena are a result of different 
velocities occurring throughout the water column.  For example, velocities can differ at the surface than at 
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the bottom due to temperature gradients changing the fluid’s viscosity.  Or, friction from containment 
surfaces creates drag forces on the fluid volume resulting in variable velocity across the flow cross-
section.  Furthermore, when flows change direction, “dead zones” in the flow path can result. Such 
unavoidable physical conditions result in a basin flow that can vary significantly from a true plug 
condition.  Such phenomena can be demonstrated with the use of “tracers,” which are compounds that do 
not react throughout the flow path and whose concentration can be tracked along the flow path.  This is 
illustrated in Figure 3-5. 
 

Figure 3-5 
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From this figure several elements are key.  First, in a true plug flow system, concentrations of the tracer 
remain constant as it passes along the flow path.  But, in actual physical systems, because of the velocity 
variations along the flow path, this slug volume “spreads” out, or disperses along the flow path.  That 
portion of the tracer mass that passes out of the system first (noted as tf in the illustration), in advance of 
the theoretical hydraulic residence time (noted as T), indicates a “short-circuit” in the flow.  The mass 
passing through last is representative of that portion of the tracer that got “trapped” in zones of low 
velocity or back-mixing due to localized turbulence.  In the figure, this is represented in part by the point 
noted as t90, which is the time it took for 90% of the trace mass to pass through the system. 
 
Compliance standards generally require the basin contact time used in the “CT” calculation be based on 
the basin’s modal contact time rather than the theoretical contact time.  The further a basin’s hydraulic 
regime is from a true plug flow condition, the more will be the spread between the theoretical and modal.  
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It is important, then, to measure this spread because it provides valuable information for design of the 
basin. 

3.2.1 Field Studies 

3.2.1.1 Recommendation: Mixing Efficiency Evaluation 
It is recommended that the PCWMD evaluate the efficiency of the rapid mix chamber for the BNRAS 
chlorination system.  This test would utilize a tracer injected through the existing Water Champ® pump 
and sensors located at different points throughout the mix chamber to measure concentrations of tracer 
from time of injection.  Results of this test will provide important insights into the capability of the 
existing mixing system to fully mix the disinfectant into the water column in light of the geometrics of the 
chamber.  Furthermore, these results will provide insights into what improvements, if any, to the chamber 
would be warranted to improve the mixing efficiency. 

3.2.1.2 Recommendation: Characterization of Plug Flow 
It is recommended that the PCWMD undertake a study to evaluate the degree of dispersion that currently 
exists in the BNRAS chlorine contact basin.  This study would utilize a tracer compound injected into the 
water column through the Water Champ® pump with sensors located at strategic points along the length 
of the chlorine contact basin to measure concentration of tracer with time.  It is recommended that this 
test be run under high flow conditions since this will create the least residence time overall and result in 
the most dispersion due to higher degrees of turbulence in the flow regime.  Results of this test will 
provide the data necessary to calculate the modal contact time for use in true “CT” calculation.  
Additionally, these results will provide insights into what improvements, if any, to the basin would be 
warranted to move the flow regime to a more plug-flow-like condition. 

3.2.1.3  Recommendation: Basin Flow Velocity Profile  
It is recommended that the PCWMD undertake a study that profiles the flow velocity throughout the 
water column along the basin length.  This study would utilize a flow meter instrument that measures 
flow velocity electronically or mechanically.  The profile of the velocity should be done over the entire 
depth at various points along the basin length.  Results of this study will provide insights into where 
short-circuiting or back-mixing is occurring.  These results will provide insights into what improvements, 
if any, to the basin would be warranted to improve the flow to achieve a more constant velocity 
throughout the depth profile.  This enhances the plug flow conditions.  These profiles should be run at 
both low and high flow conditions. 

3.2.1.4 Recommendation: Disinfection Decay Rate 
It is recommended that the PCWMD conduct a study that examines the rate and amount of chlorine 
residual decay along the basin flow path.  A sample should be drawn first immediately downstream of the 
rapid mix chamber to establish the initial residual concentration.  Additional samples should then be taken 
at various points along the basin flow path and the residual measured.  It is recommended that samples at 
each location be taken at several depths.  The PCWMD currently owns a HACH® DR2800 unit for 
measuring chlorine residual. This would be appropriate for this study.  The manufacture’s specified 
detection limit for this instrument is 10 ppb, but the actual method detection level is calibrated at 29 ppb.  
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Results of this analysis will provide insight into the actual effectiveness of the inactivation upstream as 
the water moves through the basin with time.  These results will also provide insights into what 
improvements, if any, to the basin would be warranted to improve the sustainability of appropriate 
chlorine residual concentrations throughout.  These profiles should be run at both low and high flow 
conditions. 

4.    Conclusion 

4.1.1 Concluding Opinion 
 
From the literature and assessment findings discussed in this report, the following basic conclusions can 
be drawn. 
 
Â Employment of an enhanced chlorination process for disinfection has a reasonably high 

probability of success in meeting the current BADCT standards 
 
Â Without filtration as a precursor process to disinfection, it is likely that the enhanced chlorination 

system can consistently meet the 4-day non-detect criteria for fecal coliform; but it is unlikely that 
it will not consistently meet the maximum limits for fecal coliform and E.coli 

 
Â Concern is raised with fully nitrified effluents resulting in free chlorine being the dominant 

residual species; this has implications on disinfection by-product formation that may impact 
reliable compliance with WET or other permit limits. 

4.1.2 Recommendations 
It is recommended that the PCWMD conduct a number of laboratory and field studies to better 
characterize the system’s capability in meeting the BADCT and permit requirements.  These include: 
 
Â Disinfection kinetics study 

 
Â Target organism characterization study under variable flow and solids conditions 

 
Â In-situ disinfectant mixing study 

 
Â In-situ dispersion study 

 
Â In-situ velocity profile study 

 
Â In-situ chlorine residual decay study 
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Executive Summary 
Pima County Wastewater Management Department (PCWMD) has been developing a regional master 
plan for the collection and treatment of wastewater to address the growing demands for wastewater 
services throughout its entire service area.  An element of this planning is determining what wastewater 
treatment processes will be most effective in meeting the needs and objectives of the department while at 
the same time satisfying requirements regulating the ultimate reuse of the treated wastewater throughout 
the course of the planning horizon period.   
 
The quality of the treated wastewater effluent defines its ultimate reuse, and a critical quality element is 
the degree to which potentially harmful bacteria and other microorganisms are destroyed prior to 
discharge.  The State of Arizona has adopted a set of technology-based standards that must be achieved 
for an effluent to be considered acceptable for discharge.  These are known as “Best Available, 
Demonstrated Control Technology,” or BADCT, standards.  The current BADCT standards can be 
summarized as follows: 
 

the treated effluent must maintain a level of quality whereby the presence of the target 
microbial organism, Escherichia coli, shall not be detected in at least 4 out of 7 samples 
taken daily over a 7-day calendar week, and, the maximum allowable presence of E.coli 
in any single sample shall not exceed 15 MPN/100 mL. 

 
There are currently a number of disinfection technologies available capable of consistently and reliably 
achieving the degree of effluent quality required by the current BADCT. Among these are filtration 
followed by ultraviolet (UV), ozonation, advanced oxidation (using mixed oxidants), membranes, and 
enhanced chlorination.  PCWMD carefully evaluated the alternatives and determined that both the 
filtration/UV and the enhanced chlorination processes best suited its planning objectives.  However, 
because of the high capital, operational and maintenance costs associated with the filtration/UV process, 
PCWMD determined that an evaluation of the feasibility of enhanced chlorination as the disinfection 
process for its wastewater treatment facilities was justified.  
 
PCWMD’s evaluation of the enhanced chlorination process is the subject of this report.  The evaluation 
includes literature reviews along with a series of bench-scale and full-scale studies conducted at the East 
Biological Nutrient Removal Activated Sludge (BNRAS) Plant at the Ina Road Water Pollution Control 
Facility in Tucson, Arizona.  The bench-scale studies established the baseline kinetics for the chlorination 
process.  The full-scale studies estimated the performance limitations of the existing system in meeting 
current BADCT under specific conditions.  The concluding opinion from this feasibility evaluation is that 
the enhanced chlorination technology is acceptable for implementation as the preferred technology for 
existing and proposed disinfection systems at PCWMD wastewater treatment facilities within the 
jurisdiction of PCWMD. 
 
Together these studies provide the information necessary to establish: 1) recommendations for 
improvements and upgrades to the existing disinfection system at the East BNRAS Plant at Ina Road 
WPCF necessary to achieve current BADCT requirements, and 2) a set of criteria guidelines for the 
design of future PCWMD wastewater disinfection facilities to reliably and consistently achieve BADCT 
standards as currently promulgated

ES-1 
J:\Projects\Pima Co WM\05302-ROMP\06 Gen Studies-Rpts\6.1 Report\App G-Enh Chl\Phase II Report - Field Studies_Rev 6.doc 



Pima County Wastewater Management Department 
Tucson, AZ 

Regional Optimization Master Plan 

Enhanced Chlorination Study 
Phase II-  Field Studies 

 
 

1.    Introduction 

1.1 Background 
Pima County Wastewater Management Department (PCWMD) currently owns, operates and manages a 
number of wastewater treatment facilities. Over the past year, PCWMD has been involved in the 
development of the Regional Optimization Management Plan (ROMP).  This plan involves evaluation of 
the Pima County wastewater treatment facilities with key objectives including:  
  
1. Collection and treatment capacities to accommodate population growth throughout the region, and  

 
2. Evaluation of the treatment technology necessary to achieve compliance with Arizona’s current and 

foreseeable future environmental water quality standards for discharge of treated effluent to waters of 
the state or for reuse.   

 
Addressing the disinfection of the plant effluent with respect to the latter objective is the focus of both the 
Phase I and Phase II reports.  Phase I involved two key elements.  First, an investigation of the published 
literature on disinfection processes was conducted.  The purpose was to establish the relationship between 
the process of chlorination of wastewater effluent and compliance with standards that regulate the water 
quality for discharges of treated effluent.  The objective was to identify facilities comparable in size and 
process configuration to that of the Ina Road Water Pollution Control Facility (WPCF) and categorize the 
processes used for treatment and disinfection in the context of their respective compliance standards.  
Secondly, Phase I gathered information on the existing conditions chlorination facilities at the Ina Road 
WPCF.  This information provided guidance for recommendations on studies necessary to assess the 
feasibility of an enhanced chlorination process at Ina Road capable of reliably meeting the “Best 
Available, Demonstrated Control Technology” (BADCT) standards for disinfection set by the State of 
Arizona. The compliance standards are outlined in the State of Arizona’s Administrative Code for 
environmental regulations.    
 
The results of the literature review in Phase I provided the following general conclusions: 
 
Â Employment of an enhanced chlorination process for disinfection has a reasonably high 

probability of success in meeting the current BADCT standards; 
 
Â Without filtration as a precursor process to disinfection, it is likely that the enhanced chlorination 

system can consistently meet the 4-day non-detect criteria for fecal coliform; but it is unlikely that 
it will consistently meet the maximum limits for fecal coliform and E.coli; 

 
Â Concern is raised with fully nitrified effluents resulting in free chlorine being the dominant 

residual species; this has implications on disinfection by-product formation that may impact 
reliable compliance with WET or other permit limits. 

  
The results of the field assessments in Phase I generated a set of recommendations for studies to be 
conducted to better characterize the system’s capability to meet the BADCT requirements and establish 
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the scope of enhancements to the physical disinfection system components and process necessary to 
ensure consistent BADCT compliance.  These were: 
 
Â Disinfection kinetics study 

 
Â Target organism characterization study under variable flow and solids conditions 

 
Â In-situ disinfectant mixing study 

 
Â In-situ dispersion study 

 
Â In-situ velocity profile study 

 
Â In-situ chlorine residual decay study 

   
This Phase II report examines the disinfection efficacy of the existing disinfection technology 
(chlorination by liquid sodium hypochlorite) employed at the BNRAS (East) Plant at the Ina Road WPCF 
for achieving future compliance with the BADCT standards for disinfection.  The study results reported 
herein focus only on the inactivation effectiveness of the existing disinfection system for E.coli. 
Specifically, these standards are non-detectable in 4 out of 7 samples per calendar week and a single 
sample maximum of 15 E.coli/100 ml. 
 
Issues surrounding compliance with the state’s water quality standards for treated effluent chlorine 
residual and Whole Effluent Toxicity as required by the Arizona Pollutant Discharge Elimination System 
(AZPDES) permit issued to PCWMD were not part of these field studies.  Similarly, potential issues of 
concern regarding the formation of disinfection by-products and enteric virus inactivation to address 
compliance with meeting “Class A” water reuse standards (through the Aquifer Protection Permit) were 
not addressed in these studies. 
 
The set of study results described herein focus on assessing enhanced chlorination as a technology system 
for disinfection capable of meeting PCWMD’s microbial inactivation compliance objectives reliably and 
consistently.  

1.2 Study Descriptions and Protocols 
As described in the Phase I report, two types of studies in Phase II were conducted: 1) evaluation of the 
kinetics of microbial inactivation for the secondary effluent using bench and full-scale studies; and 2) 
evaluation of the mixing of the injected chlorine with the influent, the subsequent flash mixing, and the 
flow regime characteristics of the existing BNRAS chlorine contact basin (CCB).  The set of field studies 
recommended in Phase I involving chlorine residual decay along the flowpath of the CCB and vertical 
profiles of the flow velocity in the CCB channel were not conducted in Phase II. 
  
Protocols typical of these types of studies are detailed in Appendix A of this report.  Data analyzed from 
these studies was collected during the period between May 1 and August 31, 2007. 
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1.3 Study Participants 
The raw data supporting the kinetics studies was collected by PCWMD laboratory staff.  Microbial testing 
was conducted by PCWMD laboratory staff in PCWMD laboratory located at the Ina Road WCPF.  Staff 
also collected information on physical and chemical characteristics of the secondary effluent (such as 
water pH and temperature) to define baseline conditions.  Methods of laboratory analysis were in 
accordance with the most recent edition of Standard Methods. 
 
Participation in these studies by PCWMD operations staff was also significant.  The mode of operation 
currently employed for the BNRAS plant is a “flat-lined” flow condition.  For the period between August 
2 and August 17 the operations staff modified the raw wastewater pumping operations to simulate the 
typical influent diurnal pattern through the BNRAS plant.  This simulated a more “realistic” condition for 
the operation of the disinfection process under study, and is reflective of future operations for this facility. 
 
A team of consultants were available to assist PCWMD staff in developing the study protocols and in 
preparing for the studies.  This consultant team was responsible for data analysis and interpretation, and in 
developing the conclusions and recommendations.  These consultants included professionals from the 
following firms: 
 
Â Greeley and Hansen Engineers 
Â Kennedy/Jenks Consultants 
Â Brown and Caldwell  
Â Malcolm Pirnie Environmental Engineers and Consultants 

1.4 Decision Process 
The decision-making process used for this Enhanced Chlorination Study is repeated here from the Phase I 
report and is shown on Figure 1-1.   
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Figure 1-1 
Decision Process for Enhanced Chlorination Evaluation 

 
 
The red and green-shaded areas indicate the portion of the decision process related to the studies 
addressed in this report.  A key element in this process is the decision point on whether or not to proceed 
with the enhanced chlorination technology process.  It should be noted that PCWMD indicated that no 
unresolved technical or legal issues with respect to regulatory framework remain that would inhibit the 
decision-making steps (as indicated on the right side of decision flowchart). 
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2.    General Technical Approach  

2.1 Technical Concepts of the Studies  
The primary objective with utilizing chlorine as the disinfectant is achieving the appropriate “CT” 
(chlorine residual concentration measured at the contact basin outlet x contact time within the basin) 
range that ensures the degree of inactivation of microbes necessary to comply with the BADCT standards.  
The amount of chlorine residual measured is related to the kinetic behavior of the inactivation reactions.  
The actual dosage required to achieve that residual can then be inferred from these results.  The contact 
time is determined from analyzing the characteristics of the mixing of the disinfectant into the bulk liquid 
and the subsequent flow regime that influences the amount of time the target organisms are in direct 
contact with the disinfectant.  The combination of these two parameters defines the CT.  The amount of 
CT required is therefore the primary parameter driving decisions for design of the chemical feed system 
and the contact basin.   
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The focus of these studies was on E.coli as the target organism, and determining the appropriate CT for 
reliably achieving the degree of inactivation of this organism necessary to meet the BADCT standards at 
the final effluent’s point of compliance monitoring. 

2.2 Disinfection Kinetics  
Kinetics refers to the rate, or speed of a reaction.  Important to this rate is the time that the target organism 
is in contact with the disinfectant, i.e., the longer the contact time, the greater the degree of kill.  This can 
be represented schematically on Figure 2-1 for chlorine as the disinfectant.  The relationship between the 
contact time and the applied dose of disinfectant is illustrated by the slope of the line. 
 
Under ideal conditions, when no outside interferences are present, the rate of change in the concentration 
of organisms with time is a function of both the number of organisms present and the concentration of the 
disinfectant residual at any given time.  An example of a mathematical model describing this is given in 
Equation 2-1 (derived from work done by Crick and Watson in the early 1900s).  When the solution to 
this differential equation plots as a straight line on a log-log graph, the inactivation reaction is said to be 
“1st Order.” 
  (dNt / dt) = - k′ Cn Nt ,      Eq. 2-1 
 
  where:  (dNt / dt) = the rate of change in the concentration of organisms with time; 
   k′ = coefficient of die-off 
   C = concentration of disinfectant measured at time, t 
   n = coefficient of dilution 
   Nt = number of organisms at time, t 
 
In the normal environmental conditions encountered in the disinfection of wastewaters, deviations from 
the mathematical model’s ideal conditions are typical.  In chlorination systems, these deviations can be 
related to the microbes’ ability to resist the disinfecting power of the chlorine, the presence of organic or 
inorganic compounds that create a demand for the chlorine, and the presence of particulate matter that 
encapsulates the organism thereby shielding it from coming into contact with the chlorine.  The results of 
the kinetic response deviate from the ideal response as shown in the figure below. 

5 
J:\Projects\Pima Co WM\05302-ROMP\06 Gen Studies-Rpts\6.1 Report\App G-Enh Chl\Phase II Report - Field Studies_Rev 6.doc 



Pima County Wastewater Management Department 
Tucson, AZ 

Regional Optimization Master Plan 

Enhanced Chlorination Study 
Phase II-  Field Studies 

 
 

Figure 2-11 
Ideal 1st Order Inactivation in Response to Variable Dose 

 
In the disinfection of treated wastewater effluents, the kinetic response is influenced by the type and 
efficiency of the upstream treatment process.  For instance, when significant numbers of higher trophic 
organisms are present, such as protozoa and algae (sometimes referred to “multiple-hit organisms”), then 
more chlorine is needed for their destruction before inactivation of the target organism begins to 
dominate.  Another example is when the upstream biological treatment process only partially nitrifies.  In 
this case, the presence of ammonia and/or nitrite in the secondary effluent entering the disinfection 
facility will immediately react with the available chlorine and form chloramines which are less effective 
in disinfection power.  This results in less free chlorine being available for immediate activity and 
inactivation of the target organism is delayed.  This is illustrated with the “lag” curve. 
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On the other hand, if total suspended solids are present in the secondary effluent, these tend to provide a 
“shield” for the target organisms that may be embedded within the floc particle.  As a result, these 
organisms may escape destruction altogether.  This is the case with the “tail” curve illustrated in Figure 
2-2.  For this case, the inactivation of the exposed target organisms is immediate.  But once these are 
destroyed the remaining concentration of viable organism declines slowly or not at all due to the shielding 
effect of the solids.  It should be noted that this “tail” curve can also be indicative of the variety of 
microbial species present, some having a higher sensitivity to chlorine and others being more resistant.  
For this situation, the “tail” curve illustrates how the more sensitive organisms are destroyed immediately 
upon exposure, while the more resistant survive much longer.  Because of the heterogeneity of species in 
a typical domestic wastewater, such kinetic behavior is not unexpected. 

                                                      
 
1 Wastewater Engineering: Treatment and Reuse, 4th Edition; Metcalf & Eddy, (2003) McGraw-Hill, pg. 1224  
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The development of the kinetic behavior establishes a “model” by which predictions can be made on the 
“theoretical” magnitude of microbial inactivation that might be expected if exposed to a given dose of 
chlorine for a given period of time for this specific disinfection system.  The model is very useful because 
it shows what performance levels are probable, which can then be compared directly with what is actually 
observed in the field.  For instance, if the model predicts that a specific magnitude of inactivation is 
expected for a given dose and contact time, but the actual observed inactivation in the field is less, then 
the logical conclusion is that the enhancements to the full-scale system may be necessary in order to bring 
its performance closer to the model’s “theoretical” predictions.   
 

Figure 2-2 
Deviations from Ideal 1st Order Inactivation 
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2.2.1 Kinetic Model Development for BNRAS 
To develop the kinetic behavior of the existing disinfection process on the BNRAS secondary effluent, a 
series of 9 separate trials were conducted over 9 separate days.2  For each trial, a bulk sample was 
collected just outside the flash mix chamber of the basin (and therefore subjected to the initial chlorine 
dose applied by the system at the time of sample). Then, at specific intervals of time from 5 to 90 
minutes, individual samples were drawn from the bulk sample, neutralized and tested for Total Coliform 
and E.coli.  Enumeration of these target organisms was performed in triplicate on each interval sample 
and the results average and then plotted.  

                                                      
 
2 Sampling and laboratory analysis conducted by PCWMD staff 
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Because E.coli is a subset of Fecal Coliform (FC), and FC a subset of Total Coliform (TC), one would 
expect some general relationship between the concentrations of these in treated effluent.  Indeed, under 
ideal conditions, as a general rule, TC exceeds FC by approximately 1 log, and FC exceeds E.coli by 
approximately 1 log.  Therefore, standard protocol for these types of kinetics studies is to test for TC, FC 
and E.coli.  Doing so provides a QA/QC check on the analysis.  Due to the fact that the methodology for 
analyzing FC requires different incubation conditions (and therefore more incubator space), limitations in 
laboratory resources mandated that the kinetics studies run for the BNRAS disinfection be performed only 
for TC and E.coli. 
     
The set of samples taken over the 9-day period to develop the kinetic model were collected while the 
BNRAS plant was being operated in an average “flat-lined” daily flowrate of 12.7 MGD (minimum day 
rate of 12.19 MGD and a maximum day rate of 14.09 MGD).  The chlorine dosage applied during these 
tests ranged between a minimum of 2.88 mg/L and a maximum of 5.12 mg/L of NaOCl as chlorine.  The 
average wastewater temperature at the time these samples were taken ranged from a minimum of 29.7oC 
to a maximum of 31.1oC, with an average of 30.6oC, and the pH averaged 7.1-7.2.  The secondary effluent 
average suspended solids concentration at the time these samples were taken was < 5 mg/L.  The 
corresponding turbidity of the treated effluent during the test period was less than 2 NTU.  This secondary 
effluent TSS is reflective of good performance of the upstream processes.  Obviously, disinfection can be 
less effective when effluent suspended solids concentrations are much higher than this value.    

2.2.2 Full-Scale Kinetic Analysis of BNRAS Secondary Effluent 
With the behavior of inactivation kinetics established, the next step was to relate this to the inactivation 
behavior observed in the full-scale disinfection system.  For this analysis, 27 paired samples were 
collected between the period of May 17, 2007 and July 10, 2007.  Each pair consisted of a sample of the 
BNRAS secondary effluent and the West chlorine contact basin effluent.  As with the bench-scale kinetic 
study, these samples were analyzed for Total Coliform and E.coli.  The difference in the numerical values 
from the influent and effluent establishes the “actual” log-inactivation performance being achieved by the 
system under the environmental conditions present at the time of sampling.  By aggregating the data from 
all valid samples, the result is a range of inactivation efficiencies that can be plotted.  From this plot, the 
degree of actual logs of inactivation being achieved can be estimated for the average, the maximum, and 
the minimum inactivations.  It is important to note that inherent in these results are the variations in flow 
and process conditions occurring at the time of sampling.  
 
The full-scale kinetic tests were conducted while the BNRAS plant was being operated in a “flat-lined” 
flowrate mode of in similar fashion to that described in Section 2.2.1 above.   
 
Results and implications from both the bench-scale and full-scale studies are detailed in Section 3 of this 
report. 

2.3 Analysis of Existing Mixing and Flow Characteristics of Chlorine Contact Basin 
The time of exposure of an organism to a disinfectant influences its rate of inactivation.  Therefore, it is 
important to understand the operation of the existing chlorine injection system, the initial bulk mixing of 
the fluid immediately following chlorine injection, and the characteristics of the flow following the initial 
mixing in the downstream channel of the BNRAS chlorine contact basin. 
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The chlorine injection step and the subsequent intense mixing are crucial to the inactivation of the target 
organism.  As a general rule, efficient injection/mixing regimes that create intense turbulence can increase 
the overall inactivation efficiencies by as much as 2 logs.  Equally as critical is the flow regime 
downstream of the mixing.  Most chlorine contact basins are designed and constructed to operate in a 
“plug flow” mode.  The closer the flow regime is to ideal plug flow, the greater the efficiency of overall 
inactivation.  The greater the length-to-width ratio of the flow channel, the more closely the flow 
approaches plug flow.  For the BNRAS facility, this ratio is approximately 20:1.  This value is considered 
acceptable but at the lower end of the standard for chlorine contact basin design which typically ranges 
from 20 to 40:1. 
 
Under ideal plug flow, the target organism is held in contact with the disinfectant’s maximum residual 
concentration for the maximum time possible for a given flowrate.  If, however, the “plug” volume is 
dispersed as the flow moves through the contact chamber, the result is a shorter exposure time (due to the 
hydraulic short circuiting) of the microbes to the disinfectant residual concentration, thereby reducing the 
overall effectiveness of the disinfection process.  This concept is depicted in Figure 2-3. In this 
illustration, a non-reactive compound enters the basin as a plug. Due to non-ideality of flow, the plug 
volume disperses as it moves through the channel toward the outlet.  Near the outlet of the channel, the 
concentration of the conservative compound at any given point in the dispersed plug is significantly less 
compared to any point in the non-dispersed plug at the head end of the channel (lighter shade of blue  of 
the dispersed volume at the downstream end represents the lower concentration).  In a chlorine contact 
tank, even if ideal plug flow is achieved, the concentration of the chlorine residual will still be less in the 
non-dispersed plug volume when it reaches the outlet due to constituent demands and decay of the 
chlorine itself.  Therefore, any deviation from ideal plug flow in a chlorine contact basin results in a more 
pronounced impact on the disinfection effectiveness. 
 
No physical structure is capable of achieving an ideal plug flow condition.  The following are examples of 
conditions that influence the degree of deviation of a channelized flow regime from ideal plug flow. 
 
Â Friction from the channel walls and floor vary the flow velocity across the flow cross section; 
Â Square corners in rectangular channels built in a serpentine configuration often cause “dead 

zones” in the flow path; 
Â Surface winds can create eddy currents that result in back-mixing; 
Â Temperature gradients can alter the density of the fluid thus affecting its flow characteristic; 
Â Variation in plant flowrate affects degree of short-circuiting. 
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Figure 2-3 
Concept of Dispersion from Ideal Plug Flow 
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2.3.1 Full-Scale Mixing Analysis of BNRAS Chlorine Contact Basin (CCB) 
A tracer methodology was applied to analyze the mixing efficiency of the chlorine injection chamber and 
the subsequent flash mix chamber of the BNRAS CCB.  The location of these two chambers is illustrated 
on Figure 2-4 for the BNRAS CCB.  The tracer used was sodium chloride (NaCl), a conservative 
compound that does not react with chlorine and other constituents in water.  The concentration of the 
tracer was monitored by measuring the change in conductivity with time.  The salt tracer was injected 
through the existing WaterChamp™ mixer unit in the “entry” chamber located immediately upstream of 
the flash mix chamber.  The conductivity sensor was first used to profile the tracer over the depth of the 
injection chamber following injection.  The effectiveness of the injection pump in dispersing the chlorine 
throughout the fluid was determined by the degree of uniformity of the detected tracer throughout the 
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depth at four different locations within the entry injection chamber at specific time intervals following 
injection. An illustration of these profile locations in the influent entry chamber is shown in Figure 2-5. 
 
 

Figure 2-4 
Schematic of Existing BNRAS Chlorine Contact Basin 

 
The standard practice of the plant operators for chlorine injection is to inject the sodium hypochlorite 
(NaOCl) directly into the flow through the WaterChamp™ mixer/pump.  However, on the day this tracer 
analysis was conducted, the WaterChamp™ was not being used for chlorine injection due to a 
maintenance issue with the pump.  The chlorine was instead injected through the existing inductor unit as 
part of the original chlorinator injector system.  This unit is located in close proximity to the 
WaterChamp™.  During the tracer tests, the WaterChamp™ mixer was running but not providing the 
chlorine injection.  The tracer salt was then injected through the WaterChamp to simulate the chlorine 
injection.  The results of the tracer study then, do reflect the WaterChamp’s™ ability to mix the contents 
of the entry chamber. 
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Figure 2-5 
Location of Existing WaterChampTM Injector/Mixer Unit 
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Following the chlorine injection in the entry chamber, the flow passes into the flash mix chamber where it 
is vigorously mixed with a vertical shaft propeller mixer.  To determine the effectiveness of this flash 
mixing, the conductivity sensor was placed at the downstream side of the outlet orifice from the mixing 
chamber.  An illustration of the position of the tracer sensor for the flash mixing data collection is shown 
in Figure 2-6. 
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Figure 2-6 
Schematic Cross Section of Influent and Flash Mix Chambers 
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2.3.2 Full-Scale Dispersion Analysis of BNRAS Chlorine Contact Basin 
To evaluate how near the channel flow was to ideal plug flow, a NaCl tracer was again used.  Three 
sensors were placed in the channel:  immediately downstream of the flash mix chamber, at the mid-point 
of the channel run length, and just upstream of the effluent weir at the end of the channel run length (see 
Figure 2-7).  This was done for both the East and West basins.  The brine tracer was introduced through 
the WaterChamp™ in the entry chamber, typically for a duration of about one minute.  Conductivity was 
monitored at each of these three sensors before tracer was injected to establish the background condition.  
It was continuously monitored from the time of tracer injection until well after the injection ceased and 
readings measured at the outlet sensor returned to background levels.  The results and implications of 
these full-scale dispersion studies are detailed in Section 3.     
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Figure 2-7 
Tracer Sensor Locations for Dispersion Analysis 
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2.3.3 Simulating a Diurnal Flow Pattern 
As previously mentioned, the mixing and flow regimes within the CCB vary depending on the plant flow 
rate at any given time.  Therefore, one would expect that there would be a difference in flow 
characteristics during periods of low flow compared to those of high flow. 
 
The current practice for the BNRAS plant is to operate in a “flat-lined” flow condition.  A constant flow 
of approximately 10 to 12 MGD is processed through the BNRAS plant.  In the future, however, the 
BNRAS facility will operate under normal diurnal conditions, and disinfection will need to be effective 
under variable flow conditions.  Therefore, the project team developed an operational strategy to 
“simulate” a diurnal flow pattern through the plant.  The pattern, illustrated schematically in Figure 2-8, 
was derived from recent historical influent flow data provided by PCWMD.  Operators of the BNRAS 
facility implemented this pattern by manipulating the number of influent pumps in operation at specific 
times throughout the day. 
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Figure 2-8 
Simulated Diurnal Flow through BNRAS 
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For both the mixing and dispersion analyses, these tests were conducted during periods of highest flow 
and lowest flow on the simulated diurnal flow pattern. 
   

3.    Results 

3.1 Disinfection Kinetics 
Disinfection kinetics were evaluated through bench-scale procedures and full-scale measurements.  
Results from the 9-day bench-scale kinetics and 27-day full-scale kinetics studies are provided below. 

3.1.1 Kinetics Behavior 
Results from the 9-day bench-scale kinetics study are plotted on Figure 3-1 and Figure 3-2, for Total 
Coliform (TC) and E.coli, respectively. Shown in these figures are the survival ratios of TC or E.coli, 
presented as N/N0 in log scale, as function of CT.  Note that chlorine dosage rather than chlorine residual 
was used in the CT calculation.  Since chlorine dose is higher than chlorine residual due to chlorine 
demand, this is a conservative approach to estimate the required CT level for a certain efficiency of 
inactivation.  
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Figure 3-1 
Bench-Scale Results:  Inactivation Kinetics – Total Coliform: 9-Day Study 
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Figure 3-2 

Bench-Scale Results:  Inactivation Kinetics – E.coli: 9-Day Study 
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The TC kinetics indicates a “tailing” behavior for the inactivation.  A trending line (heavy black line) 
procedure was applied to illustrate the “average” response.  For approximately the first 20 minutes of 
contact time (assuming a chlorine residual of 2 mg/L), the inactivation activity exhibits a 1st Order 
behavior.  But the data then levels out, leaving an “elbow” in the response, and departing from an initial 
1st Order reaction.  This “elbow” occurs at a CT value of approximately 30 mg/L*minutes, and 
corresponds to a log inactivation of greater than 4. The presence of the “tail” beyond the elbow depicts a 
much slower 1st Order response.  To explain this slower portion of the disinfection kinetics, the 
commonly found mechanism is that presence of suspended solids in the secondary effluent.  These solids 
provide some degree of “shielding” of the target organisms from the chlorine inactivation.  This “tail” can 
also represent the resistance of some organisms to chlorine, thereby delaying their inactivation.  
 
From the bench-scale results for inactivation kinectics a similar behavior is exhibited for E.coli 
inactivation.  Because a number of the E.coli samples had non-detect results, a “tail” appeared in only two 
of the nine days.  Knowing that E.coli is a subset of TC, then we would assume the E.coli to follow a 
similar inactivation behavior as TC.  However, the end points on average lie in the 30 mg/L*minutes CT 
range, similar to that of the TC response, with the log inactivation also being greater than 4.  Therefore, 
the bench-scale results also show the elbow at the 30 mg/L*minutes CT point, and a “tail” having the 
same slope as that of the TC response.  This is a conservative approach since in general one would expect 
to see the influent CCB E.coli concentrations at about two logs less than TC. 
 
The kinetic behavior of inactivation established by these bench-scale results provide important 
information regarding the magnitude of CT required of the system to achieve the target inactivation levels 
required by the BADCT.  The next step, then, is to analyze the inactivation performance of the existing 
full-scale system to determine if it is capable of meeting the BADCT.  If it is determined that existing 
full-scale system cannot be relied upon to meet the standards consistently, then enhancements are 
necessary.  These enhancements involve increasing the CT.  The amount of increase is provided by the 
information generated from the bench-scale model. 

3.1.2 Full-scale Kinetics Response 
Data from the 27-day full-scale study was analyzed and converted to frequency of occurrence ranked by 
percentile.  Using this distribution method, one can determine the “average” inactivations, as well as 
establish what inactivations are likely for data lying near the “extremes” of the data set.  The converted 
data from the 27-day full-scale is shown in Figure 3-3.  Performance data is provided in Appendix B. 
During the study, approximately 40% of the effluent E.coli counts were found to be “non-detect.” These 
were recorded as “< 1” and though not shown on the graph, were included in the sequencing analysis.  
Also, to broaden the sample base, the set of 9 secondary effluent samples used in the bench-scale kinetics 
analysis were included as part of the secondary effluent characterization in this analysis.  In the 27-day 
study figure the solid lines are the “modeled” results and the data points are the observed.  The modeled 
lines are an excellent representation of the observed data as indicated by the very high R2 values.  The 
modeled results can then be used to project with confidence the extreme conditions, i.e., the portion of the 
data > 95 percent of the “Z” distribution. 
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Figure 3-3 
Full-Scale Results:  Inactivation Kinetics: 27-Day Study 

 
As is evident from the solid lines (the model predictions), the full-scale system is modeled to achieve 
nearly 5 logs of inactivation of E.coli under average conditions (comparing secondary effluent E. coli 
with CCB effluent at the 50th percentile).  Even at the 80th percentile, the inactivation is greater than 4.5 
logs.   This is significant with respect to the BADCT compliance of achieving “non-detect” (ND) 4 out of 
7 weekly calendar days.  The BADCT requirement means that compliance is met when “non-detect” 
occurs in at least 57% of the samples during a given 7-day period.  Because the reporting limit for 
compliance is 2 MPN/100 ml, then from this data analysis, the existing full-scale system achieves this 
requirement 80% of the time.  Therefore, the modeled results predict that the current BNRAS design and 
operation is expected to consistently meet the BADCT’s 4 out of 7-day ND requirement. 
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The graphic also reveals that there are times when the concentration of E.coli in the CCB effluent exceeds 
the BADCT’s maximum single sample concentration limit. This maximum limit, 15 colonies per 100 ml, 
is shown on the graph for reference (dashed red line).  The degree of log-inactivation corresponding to the 
highest E.coli concentration detected in the CCB effluent occurs near the 96th percentile.  At this point, 
the modeled inactivation rate is approximately 3.5 logs.  This is a critical result. The basic message here is 
that the existing system is vulnerable to exceeding the BADCT’s single sample maximum limit for E.coli.  
To achieve 100% compliance with the single sample maximum limit, an inactivation of more than 4.12 
logs would be needed (illustrated by the green bar). 
 
Although only one observed point (i.e., one day out of the 27 days that were tested) on this graph exceeds 
the maximum limit of 15, this represents one out of 27 samples, or 3.7%.  The implication here is that 
using this observed frequency for a year (365 days), the single sample maximum could be in violation as 
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much as 14 days.  Taking this a step further, applying the 3.5 log-inactivation (modeled inactivation from 
Full-Scale Results:  Inactivation Kinetics: 27-Day Study) to the maximum secondary effluent E.coli 
concentration observed during the study (200,000), would result in a maximum CCB E.coli concentration 
of 66 MPN/100 ml.   
 
The comparison of the degrees of log-inactivation predicted by the frequency distribution model of Full-
Scale Results:  Inactivation Kinetics: 27-Day Study to that actually observed in the field is tabulated in 
Table 3-1.  As indicated, the model’s prediction of the degree of log-inactivation exceeds those actually 
observed for the full-scale system.  These results indicate that the bench-scale tests do not adequately 
reflect the true field conditions, i.e., the physical conditions of the full scale CCB. The implication here is 
that there is a strong possibility that changes to the full scale system could result in log-inactivation 
increases necessary to meet all the BADCT requirements.  
 

Table 3-1 
Observed Versus Modeled E.coli Inactivation for Existing System 

Data Source No. of 
Samples Median Minimum Maximum 

E.coli detected in 
CCB effluent 
(MPN/100 ml)* 

10 2 1 44 

Log-inactivation 
Predicted by 
model 

10 > 5.0 3.0 > 5.0 

Log-inactivation 
Observed in full-
scale system 

10 4.05 2.29 4.26 

*MPN values rounded to nearest integer 
 
It is very important to take note of the minimum observed log-inactivation value shown in the table, 2.29 
logs.  This is significantly less than the 3.5 discussed above, a difference of approximately 1.2 logs.  This 
value of 2.29 was the lowest observed E.coli inactivation observed during the 27 day trial.  For each day, 
the influent was divided by the effluent to the CCB.  There were 10 days when there was a detectable 
concentration of E.coli in the CCB effluent.   
 
To examine the potential impact of the performance of the CCB from another angle, a modeling approach 
was taken, i.e., the poorest observed inactivation performance (2.29 logs) was applied to the maximum 
observed E.coli CCB influent (200,000/100 ml).  If this event ever occurred with the current operation, 
there would be a concentration of 1,025 MPN/100 ml E.coli in the CCB effluent.  It should be noted that 
in review of the observed data set that in fact, in general, the highest CCB effluent E.coli concentrations 
were observed when their paired samples from the BNRAS secondary effluent exhibited among the 
lowest E.coli concentrations.  
 
It is noted here that compliance with the maximum E.coli limit criterion is subject to the upstream 
secondary treatment process performance.  These analyses were conducted on samples taken at a time 
when the upstream final clarifiers were performing well, i.e., delivering a treated effluent with total 
suspended solids below 5 mg/L.  Client furnished E. coli field data is provided in Appendix C.  
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Therefore, without filtration prior to disinfection, it is crucial that the upstream process be constantly 
monitored to ensure that its performance delivers the highest quality effluent (especially in terms of TSS) 
as practical under all flow conditions.        
 
Furthermore, the results of these full-scale kinetic studies are generated from just 27 samples taken from 
the existing system while operating under “flat line” hydraulic conditions, and taken during that time of 
year when conditions for optimal disinfection efficiency are least favorable (summer).  Therefore, these 
results do reflect a more realistic “worst case” scenario for this existing system.  The consideration of this 
type of “worst case” condition is appropriate for this overview analysis.  The reason is that there were 
uncertainties with respect to the specific conditions surrounding the plant operations and the secondary 
effluent quality (such as presence or absence of ammonia, nitrite and nitrate, total suspended solids, water 
temperature, etc.) during the sampling period.  
 
It is evident from the observed field results that the existing system is vulnerable to violating the single 
sample maximum criterion.  Therefore, enhancing the ability of the existing chlorine system’s delivery 
and reaction environment is necessary.  As mentioned earlier, this enhancement must come in the form of 
an increase in CT.  To address this CT enhancement, the E.coli inactivation information previously 
presented is included in Figure 3-4. 
 

Figure 3-4 
E.coli Inactivation Kinetics for CT Projection 

 

 
As stated previously, in order to ensure compliance with the single sample maximum criterion, a log-
inactivation of greater than 4.12 is necessary.  According to the statistical model’s predictions (based on 
the observed field inactivation responses), meeting the single sample maximum requires at least 5 logs of 
inactivation.  Therefore, examining the inactivation kinetics behavior for E.coli depicted in the CT 
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projection figure and extrapolating the 1st Order portion of the response beyond the “elbow”, 5 logs of 
inactivation at a CT of approximately 85 mg/L*minutes can be obtained.  This is graphically illustrated in 
the CT projection figure.  Because of the various uncertainties associated with the operational conditions 
of the plant during the sampling periods, it is recommended that the target CT for achieving the single 
sample maximum compliance be set at 100 mg/L*minutes at maximum flows.3

 
It is also important to recognize that CT is a function of temperature.  In cold temperatures the CT needs 
to be higher due to slower reaction rates.  However, chlorine decay rates in colder temperatures are less 
than those in warm temperatures. As a result, the slower decay rates in a sense compensate for the slower 
reactivity rates.  The specifics of these relationships were not part of this study.  Therefore, assuming the 
CT target of 100 mg/L*minutes provides a margin necessary to take temperature into account. 
 
Achieving this increase in CT is a function of both the chlorine dosage applied to the system and the 
subsequent mixing and contact time in the CCB.  Increasing dosage is an operational change of minor 
consequence.  Improving the mixing conditions and increasing the contact time in the CCB are 
modifications that involve mechanical equipment upgrades for the mixing and additional structural 
elements within the basin itself.  These are discussed in more detail in Section 4. 

3.1.3 Conclusions from Kinetics Studies 
Several conclusions can be drawn from these kinetics studies with respect to BADCT compliance.  These 
are: 
 
Â The existing BNRAS chlorine disinfection system is capable of meeting the 4-out-of 7 weekly 

calendar days Non-Detect permit condition during the test period.  On average, it currently meets 
this more than 80% of the time.  The BADCT requires it to be met only 57% of the time. 

Â Under the current operating conditions and physical facilities, the existing BNRAS chlorine 
disinfection system is vulnerable to violations of the single sample maximum criterion for E.coli 
(15 MPN/100 ml). 

Â Bench-scale inactivation kinetics analyses provide guidance information on the amount of CT 
necessary in the full-scale system to achieve consistent BADCT compliance. 

Â Modifying the existing BNRAS chlorine disinfection system to reliably achieve a CT capable of 
meeting the single sample maximum criterion for E.coli is necessary and appropriate course of 
action. 

Â A CT of at least 100 mg/L*min at maximum flow conditions should be used as the minimum 
target for sizing and implementing any improvements to the BNRAS chlorine disinfection system 
to enhance its current performance to ensure compliance with the BADCT single sample 
maximum criterion for E.coli.  

                                                      
 
3 It is important to note that the target of 100 mg/L*min at maximum flows implies that the CT for the average flow 
condition would be likely more in the 140 mg/L*min range. 
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3.2 Mixing and Dispersion Field Studies 
Field studies were conducted on the east BNRAS chlorine contact basin to determine mixing efficiencies.  
The results of the mixing and dispersion studies are provided below. 

3.2.1 Results from Mixing Analysis of the Entry Chamber for Chlorine Injection 
Examples of the results of the tracer injection/mixing study conducted for the entry chamber to the CCB 
during low flow conditions are shown in Figure 3-5.  (This particular graph depicting the mixing 
conditions at position “3” is one of a series of tests run.  Tracer compound was injected for a period of 23 
minutes through the existing WaterChamp™ mixer/pump located near position “3”.  Tracer unit sensors 
were then lowered into the entry chamber to its full depth (approximately 9 feet) at each of the four 
locations shown in the figure below, and at the times shown relative to the time of tracer injection.  Tests 
were run for both the low flow and high flow conditions, corresponding to 8.8 MGD and 16.2 MGD, 
respectively, for all four positions.  Conductivity readings were taken while the sensor was lowered to the 
chamber depth and while being raised back to the surface.  (This is reason for the two lines appearing on 
each cast graph.)  One “round trip” of the sensor is known as a “cast.”  
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Figure 3-5 
Vertical Mixing Profiles:  Influent Chamber: Low Flow Condition 

    
At a depth of about 4 to 5 feet, we observe significant localized spikes in the conductivity readings even 
before tracer was injected.  The likely explanation for these is that the sensors were picking up the 
influence of the injection of the NaOCl coming into the chamber through the chlorine induction system.  
The added sodium chloride is what the sensor is reading. 

Existing
WaterChamp™

2

3

1

4

Influent
Chamber

3 minutes
pre tracer
injection

 
With the spikes “removed” from the data, the remaining data can be reasonably represented by the blue 
shaded areas.  Prior to the time of tracer injection, one observes the background conductivity levels in the 
chamber.  There is a rise in the average conductivity level shown at Cast 7, which is 7 minutes following 
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throughout the depth.  At 17 minutes post-injection, there is slight overall decrease in tracer 
concentration, yet still reasonably uniform throughout the depth.  Therefore, in this low flow condition, 
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the WaterChamp™ mixer/injector unit seems capable of providing reasonably uniform mixing throughout 
the chamber depth. 
 
Figure 3-6 illustrates the results of a second test at the same position “3” except that this test was run 
under high flow conditions.  Again, the general result is that the tracer appears to be relatively uniformly 
mixed throughout the chamber depth.  However, close observation of the vertical mixing profiles shown 
below indicates that the concentration of tracer declines slightly at the lower depths compared to the 
upper depths (see Casts 44 and 48).  This indicates that during high flows the WaterChamp™, in its 
current position orientation, is less capable of mixing uniformly at all depths.  This may be indicative of 
some degree of short-circuiting through the chamber in high flow.  The complete summary for the 
responses at each of the 4 positions are given in Appendix D.  Each of these illustrates similar responses. 
 

Figure 3-6 
Vertical Mixing Profiles:  Influent Chamber: High Flow Condition 
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The data indicates that the WaterChamp™ unit is capable of providing reasonably uniform mixing of the 
entry chamber.  However, its performance under the high flow conditions could be better.  Its current 
location near the wall likely hinders some of the jetting action of the propeller due to the interference 
from the adjacent wall. This interference hinders the even distribution of the mixing energy into all parts 
of the chamber and throughout its depth, primarily in high flow conditions.  The implication here is that 
in high flow, the chlorine may not be as evenly distributed as it could or should be to ensure optimal 
opportunity for disinfection effectiveness downstream.  
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3.2.2 Results from Analysis of Flash Mix Chamber 
To gauge the efficiency of mixing provided by the vertical shaft propeller mixers in the flash mix 
chamber, a conductivity sensor was placed at the outlet orifice of the flash mix chamber and a salt tracer 
introduced again at a constant rate through the WaterChamp™ in the entry chamber for a period of about 
22 minutes.  The results of the low and high flow responses are shown in Figure 3-7. 
 
A metric of mixing efficiency in this chamber is the time required for the tracer to reach a peak.  The 
more rapid the time-to-peak, the more efficient is the mixing.  Also, the hydraulic residence time of the 
chamber is another gauge of the mixing efficiency.  This is most easily estimated by monitoring the time 
required for the conductivity readings to reach background levels after the tracer injection is ceased. This 
time is then compared against the theoretical hydraulic residence time for the flow rate at the time of the 
test. 

Figure 3-7 
Tracer Study Results:  Mixing Regime:  Flash Mix Chamber 

 
For the low flow condition, the time-to-peak is estimated at 19 minutes, and the HRT at 15 minutes.  
Similarly, for the high flow conditions, the time-to-peak is estimated at 9 minutes and the HRT at 3 
minutes.  A brief lag would be expected in the tracer detection due to the tracer being injected in the entry 
chamber.  However, even accounting for this, the 19-minute time-to-peak during the low flow condition is 
excessive.  This is indicative that back-mixing is occurring in this chamber and is probably being caused 
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by the large flash mixer unit drawing water back into the chamber via the outlet orifice.  In the high flow 
condition, the time-to-peak is reduced but still longer than an ideal response. 
 
With respect to hydraulic residence time, for the low flow rate condition of approximately 4 MGD 
passing through the chamber, the estimated HRT is 15 minutes.  The theoretical HRT for the mix 
chamber at this flowrate is approximately 2 minutes, or about 13% of the observed.  Similarly, in the high 
flow condition (~8 MGD), the estimated HRT is 3 minutes.  The theoretical HRT for this condition is less 
than 1 minute, or about 33% of the observed.  Clearly, the mixing regime in this chamber is being 
influenced by significant back-mixing, again, probably caused by the turbulence from the vertical mixers.  
It appears that the mixer draws flow from the channel immediately downstream of the chamber outlet 
back into the chamber, thereby delaying the tracer’s time to peak and the HRT. The physical implication 
is that this back-mixing will likely disrupt plug flow characteristics in the channel downstream of the 
chamber.  These results would imply that the action of the vertical mixers may be a hindrance to 
conditions necessary for optimal disinfection system performance. 
 
Finally, the tests revealed differences in the conductivity readings between the East and West flash mix 
chambers.  These are delineated in the tracer study results.  Though differences are present in both low 
and high flow period, the effect is accentuated during the high flow.  A logical explanation for these 
differences is an imbalance in flow through the two parallel flash mix chambers.  Because flow balance 
analyses were not part of this study effort, the cause of the apparent imbalance was not determined. But it 
is important to note that this observation was made.    

3.2.3  Results of Dispersion Analysis of Chlorine Contact Basin 
To initiate the dispersion tests, tracer salt was again injected through the WaterChamp™ unit.  Three 
sensors located at equal intervals along the length of the CCB were used to monitor changes in 
conductivity with time following injection.  The first sensor was centered just outside the outlet orifice, a 
couple feet above the bottom.  The mid-tank sensor was centered in the channel at mid-depth, about 7 feet 
below the surface.  The third sensor was placed at the discharge weir crest just below the water surface.  
Figure 3-8 and Figure 3-9 are examples the dispersion test results for the East CCB during low and high 
flow periods.  
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Figure 3-8 
Dispersion Results – East Basin:  Low Flow Condition 
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Figure 3-9 
Dispersion Results – East Basin:  High Flow Condition 
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The three sensors describe the flow regimes at their respective locations over time.  At the mixing 
chamber outlet location, the peak is narrow and very high.  However, even at this location, one observes a 
“tailing” of the tracer out of the chamber.  This affect is an indication that back-mixing is occurring 
already at this location, another indicator that the vertical mixers are the likely cause.  It is interesting to 
note the significant degree of decline in the peak between the mixing chamber outlet and the Mid-Tank 
location.  This is evidence of considerable back-mixing and loss of a plug flow characteristic in the initial 
pass of the CCB serpentine channel.  However, the peak at the Outlet location shows minimal decline to 
that compared to the peak at the Mid-Tank.  This would imply that this portion of the CCB channel flows 
in a relatively uniform manner compared to that of the initial pass of the serpentine channel.  A qualitative 
confirmation of this is given in Section 3.2.4 when the results of the drogue observations are discussed. 
 
These dispersion analyses provide insight into the actual hydraulic characteristics for the basins operating 
under these particular flow rates.  By examining the tracer response at the Outlet location, we see that in 
both low and high flow conditions a portion of the tracer mass passes the outlet location in advance of the 
theoretical HRT.  This is depicted by the “rising limb” of the curve.  This indicates that some short-
circuiting of the flow volume is occurring.  This could be due to more rapid flow velocity at the surface 
compared to that next to the floor of the channel.  With respect to disinfection effectiveness, for that 
portion of the flow volume that short-circuits, the amount of time the target organism is exposed to the 
chlorine residual is diminished from its intended design exposure time. 
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Additionally, the dispersion results show that for both low and high flow conditions there are also 
portions of the mass passing the outlet beyond the theoretical HRT.  This is depicted by the “falling limb” 
of the curve.  This indicates the presence of back-mixing and/or stagnation, likely due to eddy currents 
along walls and “dead zones” in corners of the rectangular channel cross section.  With respect to 
disinfection effectiveness, for that portion of the flow volume that stagnates in the basin, there will be 
decay of the chlorine residual, reducing the disinfecting power on the target organisms in those zones. 
 
These observations have implications for disinfection effectiveness.  Improvements to the basin are 
necessary to improve the nature of the plug flow, i.e., reduce the degree of dispersion.  These 
improvements bring the HRT closer to the theoretical during all flow conditions.  Doing so allows better 
control of meeting the target CT.  But, variable flow conditions create operational challenges in sustaining 
the target CT.  At low flow, the “T” naturally increases and one might presume that the corresponding 
chlorine dose could be decreased (from average dose) in order to sustain the CT target.  But since “C” 
represents the chlorine residual at the basin outlet, it is quite possible that indeed the dosage may have to 
be increased to compensate for any residual decay that may occur.  Conversely, at high flow, the “T” 
naturally decreases, and one might presume that the corresponding chlorine dose should be increased 
(from average dose) to sustain the target CT.  Again, because the “C” represents the chlorine residual, an 
increase in dosage would be appropriate because a higher residual compensates for the shorter HRT.  But 
this higher residual also requires a concomitant increase in the dosage of the dechlorination agent. 
 
The dispersion test results need confirmation.  This can be done by normalizing the tracer mass and 
plotting it as cumulative mass at each point with time.  Examples of this are given in the companion 
graphs shown Figure 3-10 and Figure 3-11 for the low and high flow conditions for the West basin.  
(The complete set of these companion graphs is provided in Appendix E). 
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Figure 3-10 
Dispersion Results:  Cumulative Mass Curve – West Basin:  Low Flow 

 
 

BNRAS West CCB – Low FlowBNRAS West CCB – Low Flow
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Figure 3-11 
Dispersion Results:  Cumulative Mass Curve – West Basin:  High Flow 

 
 

BNRAS West CCB – High FlowBNRAS West CCB – High Flow

For conditions near ideality, the cumulative curve would be essentially vertical at each of the three 
locations measured.  Deviation from vertical is an indication that a back-mixing/stagnation and/or a short-
circuiting condition exists for a particular state of flow. 
 
First, consider the low flow condition in the West CCB.  Clearly, the cumulative curve deviates 
significantly from vertical, indicating a less than ideal plug flow condition.  The first detection of tracer at 
the outlet occurs at about 0.75 of the theoretical HRT.  Approximately 28% of the tracer mass passes the 
basin outlet prior to the theoretical HRT (corresponding to the “rising limb” of the plot for dispersion 
results - East Basin: Low Flow Condition), while the remaining 72% passes after the theoretical HRT 
(corresponding to the “falling limb” of the dispersion results – East Basin: Low Flow Condition plot).  
The final reading of tracer occurs at about 1.8 of the theoretical HRT.  Interpreting these results, then, we 
can say that 28% of the flow volume short-circuits while the majority, i.e., 72% of the flow volume 
“stagnates” during a low flow condition.  So, the dispersion of the plug flow in low flow indicates that 
while the majority stagnates in the CCB, there is still a significant portion of the flow volume that short-
circuits (nearly a third).  Furthermore, despite the amount of apparent stagnation, both the peak of the 
tracer mass and the centroid of the dispersed trace mass pass the outlet in advance of the theoretical HRT.   
 
Next, we consider the high flow condition in the West CCB.  Here, again, there is a deviation from the 
ideal plug flow condition.  But, in contrast to the low flow curve, the high flow is closer to a vertical 
configuration.  Therefore, it can be argued that the CCB responds closer to ideal plug flow in the high 
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flow condition than in the low flow condition.  In the high flow condition, the first tracer is detected at 
about 0.6 of the theoretical HRT, with approximately 62% of the tracer mass passing the outlet in advance 
of the theoretical HRT.  This leaves the remaining 38% to pass after the theoretical HRT, with the last 
tracer being detected at about 1.6 HRT.  As with the low flow, both the peak of the tracer mass and the 
centroid of the dispersed tracer mass pass the outlet well in advance of the theoretical HRT.  As expected, 
in the high flow condition, short-circuiting is the dominant characteristic of the flow regime in the 
channel.  Similar analyses can be done for the East CCB using the companion graphs in Appendix F. 
 
For all dispersion tests conducted for the low and high flow conditions on the East and West basin, the 
observed HRT occurred prior to the theoretical HRT for that flow.  Any improvements to the basins 
designed to enhance the plug flow characteristic will benefit both low and high flow performance.   

3.2.4 Results of Drogue Observations 
As a means to more fully visualize the information contained in the dispersion analysis, the project team 
also conducted observations of a float, known as a “drogue,” as it moved through the CCB channel.  The 
drogues used in this study monitored flowpath at three different depths.  A qualitative summary of the 
drogue observations is given in Figure 3-12. 
 

Figure 3-12 
Drogue Analysis Schematic Description 

 

 
The essence of these observations is that when the drogue was placed into the channel just downstream of 
the outlet from the rapid mix chamber, it found its way to the side walls of the channel’s first pass and 
often stopped, and in some trials the drogue actually reversed direction and moved together near the wall 
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before stopping.  In the second and third passes, the drogues tracked the longitudinal flow path reasonably 
well.  These observations confirm the suspicion that the turbulence created by the vertical mixers in the 
flash mix chambers do result in some back-mixing of the channel flow in the first pass.  But beyond the 
first pass, this problem seems to dissipate (at least as far as surface flow patterns are concerned).  It 
appears that the first “end-turn” of the serpentine channel attenuates the majority of the turbulent energy 
induced by the mixer.  The implication here is that if improvements to the channel to reduce back-mixing 
conditions are contemplated, the emphasis should be on the first pass in the serpentine flow.     

3.2.4.1 Relationship of Channel Hydraulics to Disinfection 
The intent of the above field study results was to establish a relationship between the actual CCB contact 
time that results from the existing system hydraulics to that which the kinetic studies found was necessary 
to meet the disinfection requirements of the BADCT.  To do this, we return to the differences between 
theoretical and observed HRT and superimpose the target CT.  
 
In Figure 3-13 the relationship between the theoretical and observed HRT is plotted for the range of 
flows observed during the tests.  As previously pointed out, there is an overall characteristic of short-
circuiting in the CCB causing there to be a “gap” between the observed and the theoretical.  This gap 
indicates the degree of improvement necessary to reach optimal performance for any given flow. This gap 
increases as flows decrease.  Therefore, CCB improvements would mostly benefit the system when 
operating under lower flow conditions.  It should be noted that this information does not reflect any 
additional contact time that may be provided in the 48-inch effluent discharge conduit that conveys the 
CCB effluent to the point of dechlorination.  This additional contact time is likely in the range of 5 
minutes. 
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Figure 3-13 
Relationship of Observed to Theoretical HRT to CT 
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A CT target of 85 mg/L*minutes (Section 3.1.2) for the enhanced system is the minimum predicted by the 
kinetic model for reliable compliance with the single sample maximum criterion.  But this CT projection 
(85 mg/L*minutes) in the bench-scale was based on samples held in a “batch” mode for each contact time 
studied.  These batches simulate a perfect plug flow condition, and thus equal to the theoretical.   Because 
of this, and other uncertainties in conditions deriving the model, the recommended target CT for the basis 
of design for improvements is a minimum of 100 mg/L*minutes at maximum flow conditions.  Standard 
procedure for the current operation of the BNRAS disinfection process is a NaOCl dose in the range of 
1.2 to 1.5 mg/L.  In order to sustain the CT of 100 mg/L*minutes in the enhanced process, a chlorine 
residual concentration at the CCB effluent needs to range from 1.6 to 3.5 mg/L to meet this CT target for 
the range of flows observed in this test.  
 
These residual concentrations indicate that application dosages of the NaOCl of at least twice, perhaps 
three times, greater depending on the chlorine demand, than what is currently being applied will be 
necessary.  For the maximum flowrate observed, the observed HRT is approximately 30 minutes, 
meaning that to reach a CT of 100 mg/L*minutes in the existing system, the effluent chlorine residual 
concentration must be approximately 3.5 mg/L.  In these high flows, the importance of plug flow in the 
CCB is critical because the amount of exposure time to the residual is reduced.  At low flowrates (where 
the observed HRT is about 60 minutes), a minimum chlorine residual concentration of about 1.6 mg/L is 
necessary to reach the CT target of 100 mg/L*minutes in the existing system.  But at these low flow 
ranges, the CT is very sensitive to the residual concentration, and the actual dosages required will likely 
be higher than what might be expected.  Therefore, enhancements to the CCB to improve the HRT for 
these conditions will be beneficial.  A more “ideal” HRT reduces the sensitivity of the chlorine residual 
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concentration in all flow ranges.  The BNRAS basis of design flow rates and respective peaking factors 
are listed in Table3-2.   
 

Table 3-2 
Design Flow Rates and Peaking Factors for Existing BNRAS Plant 

Design Flows Rates, MGD Peaking Factors 
Minimum Flow 9.0 0.72 
Average Annual Flow 12.5 1.00 
Maximum Monthly Flow 16.3 1.30 
Peak Wet Weather Flow 23.8 1.90 

 
It is important to also note that contact time minimums are typically a factor in the regulatory framework 
for CT requirements, and the definitions vary.  For example, according to USEPA, the “T” in the CT is 
defined as that time when 10% of a tracer mass reaches the basin outlet, a value the EPA identifies as 
“t10”.  In some state regulations, however, the “T” is computed as that time when the peak of the tracer 
mass passes the outlet, known as the “modal” contact time.  From the field dispersion analyses cited in 
this report (Section 3.2.3), the observed modal time is approximately 90% of the relative theoretical 
contact time for the range of flows studied.   

3.2.5 Conclusions from Mixing and Dispersion Studies 
Several conclusions can be drawn from these mixing and dispersion studies of the performance of the 
existing BNRAS CCB that ultimately relate to BADCT compliance.  In terms of mixing behavior for the 
existing system, these are: 
 
Â The WaterChamp™ unit mixer appears capable of providing adequate mixing in the entry 

chamber where the chlorine is injected. 
Â The position of the WaterChamp™ unit in the influent entry chamber is less than ideal and should 

be repositioned to optimize the mixing regime in this chamber. 
Â The vertical shaft flash mixers create similar mixing regimes in both the East and West basin flash 

mix chambers. 
Â The hydraulic time-to-peak behavior of the flash mix chambers is longer than what would be 

expected from a basis of design; this behavior is accentuated in low flow conditions. 
Â The hydraulic residence time in the flash mix chambers is significantly longer than the theoretical; 

the turbulence caused by the mixers appears to result in back-mixing; this behavior is accentuated 
in low flow conditions. 

Â The differences in times-to-peak between the East and West flash mix chambers indicate a flow 
imbalance between the East and West basin. 

 
In terms of dispersion behavior of the existing system, these are: 
 
Â Deviations from ideal plug flow are evident under all flow conditions observed; deviations are 

most significant under low flow conditions.  
Â At low flow conditions, both short-circuiting and stagnation occur. 
Â At high flow conditions, performance is closer to ideal plug flow. 
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Â Observed hydraulic residence times in the CCB channels are less than the respective theoretical 
times for all flow conditions observed; implication is that short-circuiting is occurring, even in low 
flow conditions. 

Â Enhancements to the CCB channel are necessary to improve the observed HRT to as near the 
theoretical as practical.  This is especially beneficial for achieving the target CT during all flow 
conditions.   

Â Significant deviation from uniform flow conditions are most prevalent in the first pass of the CCB 
channel; condition appears directly related to back-mixing effects from the large mixers in the 
upstream flash mix chambers; more uniform flow is observed in second and third passes. 

 

4.    Recommendations for Improvement 
Improvements to the existing BNRAS chlorination process system are necessary to enhance its 
performance in order to reliably meet the BADCT criteria for microbial inactivation.  The improvements 
focus on both the mixing system that disperses the injected chlorine into the bulk fluid and in the chlorine 
contact basin that provide the contact time for microbial exposure to the chlorine residual.  The 
fundamental objective of these improvements is to boost the CT of the system to the range where 
achieving the 4-out-of-7 days of non-detect for E.coli and reliably meeting the single sample maximum 
criterion of 15 MPN/100 ml.  It is recommended that the target CT be a minimum of 100 mg/L*minutes 
at maximum flow conditions. 
 
The recommendations described here for improvements to the existing BNRAS chlorination process do 
not include the installation of effluent filtration prior to disinfection.  Therefore, it must be emphasized 
that reliable compliance with the single sample maximum criterion for E.coli depends on, and is highly 
sensitive to the operational performance of the upstream treatment process, especially during periods of 
high flows.  Consistent performance of the final clarifiers in the existing BNRAS plant (and in new plants 
to be built in the future as part of the ROMP) to deliver a high quality secondary effluent with respect to 
total suspended solids will be absolutely essential.  It is strongly recommended that a review of standard 
operating procedures for final clarification be completed to ensure that the performance consistency is 
being maximized.  Additional information on this topic is provided in Section 4.3.  
 
The enhanced chlorination system requires improvements to both the system’s capability to deliver higher 
chlorine dosages, and in the CCB flow hydraulics to minimize short-circuiting, back-mixing, and 
stagnation zones, and create as close to plug-flow behavior as practical.  The improvements to the 
chlorine delivery system relate to dosage; the improvements to the mixing enhance the uniformity of 
dispersion of the chlorine into the bulk fluid; the improvements to the channel hydraulics enhance the 
flow characteristics of the bulk fluid to expose the microbes to the highest possible chlorine residual for 
the longest possible period of time. 

4.1 Mixing Improvement Recommendations 
The schematic shown in Figure 4-1 illustrates three recommendations that should result in improving the 
uniformity of chlorine dispersion into the BNRAS secondary effluent bulk fluid in the entry chamber of 
the existing chlorine contact facility. 
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Figure 4-1 
Influent Chamber Mixing Upgrade Recommendations 
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The three recommendations are as follows: 
 
Â Reposition existing WaterChamp™ to a central location within the entry influent chamber.  This 

will improve the uniformity of the dispersion of the injected chlorine throughout the bulk fluid in 
the influent chamber. 

Â Purchase a second WaterChamp™ to supplement the existing and place the two centrally within 
the influent chamber. 

Â Place one WaterChamp™ in a horizontal position, with the injector facing into the incoming flow 
from the BNRAS secondary in the center of the chamber to inject the chlorine as a “counterflow” 
to the incoming flow. 

 
An additional point of consideration: 
 
Though not evaluated in this study, consideration of the installation of a “static mixer” unit for chlorine 
injection in the existing BNRAS secondary effluent 60-inch conduit to replace and/or supplement the 
injection and mixing of the WaterChamp™ unit(s) may have merit.  Because significant head loss will 
occur through the static mixer, a detailed hydraulic analysis must be done as part of the preliminary 
design.  There currently exists 1.06 feet (+/-) of available hydraulic head under peak wet weather flow 
conditions between the final clarifier effluent channel and the CCB influent chamber.  It is possible that 
the head loss through a static mixer could be as much as two feet, which for this application would be 
problematic.  Also, a static mixer has the potential to trap debris that may be present in the bulk fluid 
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passing through it.  However, this is not a highly likely scenario since the BNRAS secondary effluent 
should be relatively free of errant debris.  Furthermore, the mixing efficiency of such a mixing unit is a 
function of both flow rate and water temperature.  Specifically, the mixing efficiency decreases with 
decreasing flow rate and with decreasing water temperature.  Therefore, a static mixer does not have the 
operational flexibility to adjust to adverse conditions such as low flow rates and cold water temperatures.  
It is for these uncertainties that it is also strongly recommended a pilot-scale study/test be conducted to 
analyze the efficiency of such a mixing unit to determine its appropriateness and applicability for this 
enhanced chlorination process.   

4.2 Chlorine Contact Channel Improvement Recommendations 
Figure 4-2 illustrates the recommendations for improvements to the existing BRNAS chlorine contact 
basin to improve the hydraulics of the channel flow. 
 

Figure 4-2 
Chlorine Contact Basin Upgrade Recommendations 

 
The recommendations are as follows: 

9’

Perforated
Diffuser Baffle (typ)

Longitudinal Baffle (typ)

Corner Fillets (typ)

Vortex
“splitter”

Vortex
“splitter”

NaOCl
feed

NaOCl Step Feed (typ)

Perforated Baffle

To effluent
Conduit 9’

Perforated
Diffuser Baffle (typ)

Longitudinal Baffle (typ)

Corner Fillets (typ)

Vortex
“splitter”

Vortex
“splitter”

NaOCl
feed

NaOCl Step Feed (typ)

Perforated Baffle

To effluent
Conduit 

 

 
Â Consider the installation of “rounding” fillets in all corners of the serpentine flow channels; 

creates more uniform flow around corners and minimizes potential for dead zones where 
stagnation can occur, especially in a low flow condition. 

Â Consider the installation of a perforated baffle at the end of the first pass of the serpentine channel 
to enhance plug flow characteristics (see illustration in FIGURE 4-2).  This baffle will increase the 
head loss across the basin and therefore requires a detailed hydraulic profile analysis as part of its 
design. 
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Â Consider ceasing operation of the vertical shaft flash mixers; these appear to be creating 
turbulence in the first pass of the serpentine channel, significantly disrupting plug flow in the first 
pass. 

Â If it is found that continued operation of the flash mixers is necessary, then the following features 
would be appropriate: 

− Consider installation of a “vortex” splitter on the outlet side of the flash mix chamber 
outlet orifice (see illustration in FIGURE 4-2) to reduce back-mixing caused by the 
vertical shaft flash mixers. 

− Consider a longitudinal baffle in the middle of the first pass running the full length of the 
first pass.  This will enhance the uniform flow characteristic in the first pass. 

Â Consider the installation of a “step feed” chlorination line to allow for supplemental chlorination 
downstream of the initial chlorine injection point.  Downstream locations should include 
beginning of the third pass and in the 48-inch effluent conduit. 

Â Periodic cleaning of the CCB is imperative for ensuring optimal performance.  It is recommended 
that PCWMD operations and/or maintenance staff take each of the CCBs out of service at least 
once, preferably twice annually for cleaning.  Cleaning should consist of high-pressure washing 
using water and/or light bleach solution on all walls and floor, orifices and weirs.  Following 
cleaning the CCB should be filled and “shocked” with up to 50 mg/L of chlorine and held for at 
least 24 hours prior to discharge and return to full operation. 

4.3 Recommendations for Additional Studies on Existing BNRAS Disinfection System 
The scope of this Phase II study did not allow for consideration of the full range of issues that should be 
examined for evaluating enhanced chlorination as an effective and reliable disinfection process for 
meeting the BADCT standards.  Therefore, the following are suggestions for additional studies that 
PCWMD should consider to supplement the information in this report. 
 
Â Operational data during the kinetics studies reported herein indicate the pH of the BNRAS 

secondary effluent is above 7.  With enhanced chlorination practice, the pH in the CCB will likely 
increase slightly after sodium hypochlorite is added at the elevated doses.  Slight downward 
adjustments in the pH (perhaps 0.2 to 0.4 units) would provide significant benefit to the 
effectiveness of the chlorination process (increases the concentration of HOCl which is more 
powerful than OCl-).  Such an adjustment would still be well within permit limitations for pH of 
the final effluent.  It is recommended that PCWMD closely monitor the pH in the CCB to 
determine whether pH adjustment is worth considering as a tool to supplement the enhanced 
chlorination performance.  If the results are favorable for such an adjustment, simple bench-scale 
(jar test) studies using H2SO4 and/or HCl would be warranted to determine if this benefit can be 
achieved economically.  This increase in disinfection efficacy provides PCWMD with an addition 
margin of protection against primarily the single sample maximum criterion.  These tests can be 
readily conducted in PCWMD laboratory by PCWMD analytical staff.  It must be noted, however, 
that the formation of disinfection by-products remains and issue for consideration (discussed 
later).     

 
Â The enhanced chlorination process requires close monitoring of the correlations between chlorine 

residual at the end of the contact period.  Operationally, this translates to rigorous attention to the 
initial chlorine dose.  It is strongly recommended that PCWMD analytical staff conduct a series of 
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bench-scale (jar test) studies that correlate chlorine dose to residual as a function of contact time.  
Such tests will establish chlorine dosage (lower and upper) that will serve as the “boundaries” for 
planning the operational procedures for the enhanced system.  These studies will also serve to 
provide PCWMD with information necessary to project annual chlorine usage to support budget 
planning and frequency of chemical deliveries. 

 
Â In conjunction with the above bench-scale testing on chlorine dose, it is recommended that 

PCWMD analytical and operations staff proceed with the originally proposed field tests to analyze 
the rate of chlorine residual decay in the full-scale BNRAS chlorine contact basin.  These residual 
decay rate studies should be conducted over at least two depths in the channel to ascertain the 
influence of temperature and light on chlorine breakdown in the upper surface layers of the flow in 
comparison with the same at depths near the channel floor.  These studies should be conducted 
under both summer and winter months to take into account the difference in chlorine decay rate at 
different water temperatures.  

 
Â The enhanced chlorination process will likely mean operating at higher dosages of chlorine than 

what has been standard practice at the existing BNRAS facility.  Depending on the type and 
concentration of organics that remain in the treated BNRAS secondary effluent, various 
disinfection by-products can form as a result of reacting with the chlorine.  The presence of these 
disinfection by-products in the final effluent has ramifications for water quality issues surrounding 
the water’s ultimate reuse.  It is therefore strongly recommended that PCWMD conduct a 
disinfection by-product formation potential (DBPFP) test, which is a series of bench-scale (jar 
test) studies that analyze the types and concentrations of disinfection by-products that are likely to 
form as a result of the enhanced chlorine dosages that will be applied.  The test should include 
warm water conditions because this is typically a “worse case” condition (generates the highest 
DBP formation potential).  Furthermore, if it is determined that pH reduction will be useful in 
enhancing the disinfection efficiency, then the impacts of pH on DBPFP should be investigated 
since formation of most DBPs is a function of pH.  For example, the formation of trihalomethanes 
generally decreases with decreasing pH while the formation of haloacetic acids generally increases 
with decreasing pH.      

 
Â Due to the potentially higher chlorine dosages that will likely be necessary to support the 

enhanced chlorination process, it is recommended that PCWMD evaluate the sizes of their existing 
sodium hypochlorite storage and feed facilities to assess whether the existing facilities are 
adequate to accommodate this increase in chlorine dosage (these rates could be as much as three 
times the current dosage rate).    

 
Â The enhanced chlorination process will likely also mean operating the dechlorination process at 

higher doses to ensure compliance with the AZPDES permit for chlorine residual in the final 
discharge.  (Similar to the above statement, it is recommended that PCWMD evaluate the sizes of 
the existing storage and feed facilities for the sodium bisulfite dechlorination agent to ensure its 
capacities are adequate to support the requirements of the enhanced chlorination process.)  It will 
also be important to determine if higher doses of the dechlorinating agent pose threat to aquatic 
toxicity, since this may impact compliance with the Whole Effluent Toxicity (WET) 
biomonitoring tests.  It is therefore strongly recommended that the PCMWD conduct a set of 
bench-scale (jar test) studies to assess the potential for excessive dechlorination agent 
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concentrations to create effluent toxicity issues. If the PCMWD plans to consider alternative 
dechlorination agents, these studies should include assessment of required dose and reaction time, 
the toxicity properties of the dechlorinated effluent and other potential water quality impacts the 
alternative dechlorination agents may create.   

 
Â One of the most critical operational factors influencing the reliability of performance of the 

enhanced chlorination process is the control of total suspended solids in the BNRAS secondary 
effluent.  As noted previously, the TSS concentrations during the kinetics analyses were at or 
below 5 mg/L, signifying excellent performance of the BNRAS final clarifiers.  Even at this low 
level of TSS, the bench-scale kinetic testing conducted in this study exhibits a “tailing” effect, 
which is at least partially caused by particle shielding.  In high flow conditions during a wet 
weather event or during performance upset events, for example, it is probable that the 
concentration of TSS in the secondary effluent could be much higher than 5 mg/L.  Increases in 
TSS can jeopardize compliance with the single sample maximum, and, if these conditions persist 
for consecutive days, it could jeopardize compliance with the 4-day ND requirement.  It is 
imperative that operation of the final clarifiers be monitored continuously. 

 
Therefore, two recommendations are hereby posed with respect to final clarifier operations.  First, 
it is recommended that PCWMD conduct an exhaustive and critical review of its standard 
procedures for operating the existing BNRAS final clarifiers under average and peak flow 
conditions.  These procedures should be reviewed within the context of available historical 
operational data.  Correlations of the effluent suspended solids concentrations to flow rate should 
be established from the record.  If the data exists, a correlation between Solids Volume Index 
(SVI) and effluent suspended solids concentrations should be established.  Using these 
correlations, modifications to the operational procedures should be made, if necessary, to ensure 
optimal performance of the clarifiers. 
 
Secondly, it is recommended that PCWMD operations staff develop and utilize a State Point 
Analysis (SPA) protocol for operating the existing BNRAS final clarifiers.  This procedure 
provides the facility operators a proactive approach to clarifier operation because it integrates the 
sludge settling characteristics with both the plant flow condition and the rate of sludge removal 
via the underflow.  The SPA provides the operator with performance information in real time, 
allowing the operator the “see” the performance limits before they are exceeded and make the 
appropriate process control decisions to keep within the limits.  The SPA protocol can be 
developed and implemented with PCWMD resources and staff.      
 
Finally, it goes without saying that the performance of the biological treatment process in the 
existing nitrogen removal treatment process train influences the performance of the final 
clarification process.   Upsets in treatment performance can result in the proliferation of 
filamentous organisms that can cause poor settling of the biomass in the clarifiers.  Poor settling 
can result in solids carryover to the chlorine contact basin, reducing the effectiveness of the 
chlorine.  Similarly, treatment upsets that result in the inhibition of complete nitrification can pass 
“high” levels of nitrite or ammonia on to the chlorination system, which again, reduces the 
effectiveness of the chorine.  Therefore, it is highly recommended that an exhaustive and critical 
review of the existing BNRAS treatment process control procedures be conducted within the 
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context of process upsets.  Modifications should be made to the process control Standard 
Operating Procedures, as necessary, to ensure optimal performance is consistent. 

 
Â It is recommended that PCWMD staff review its current sample locations for effluent E.coli and 

chlorine residual compliance monitoring and reporting for the existing BNRAS facility.  It is 
possible that a more optimal location exists that is more representative of the true BNRAS 
chlorine disinfection system performance.  This also may mean that monitoring stations be 
established for both the BNRAS plant and the HPO plant along with the final discharge 
compliance point in order to isolate the differences between the two facilities.  

4.4 Basis of Design Recommendations for Enhanced Chlorination Disinfection Systems for 
Future BNRAS (Bardenpho) Facilities  

Results of the studies and analysis discussed in this report provides information for the basis of design 
that should be applied to the enhanced chlorination process at future wastewater treatment facilities within 
PCWMD service area jurisdiction. These include: 
 
1. Minimum CT applied under maximum flow conditions should be 100 mg/L*minutes and applied to 

the inactivation of the target organism:  E.coli.  This value will of course need to be reevaluated if, in 
the future, the State of Arizona promulgates new disinfection regulations related to microbial 
inactivations.   

 
2. Chlorine contact basin should be constructed with a length-to-width ratio of no less than 20:1. 
 
3. Chlorine injection and initial mixing should incorporate the recommendations outlined in Section 4.1.  

The critical element of these is the application of the WaterChamp™ unit as the initial chlorine 
injection and mixing apparatus.  Its position in the influent chamber is critical to the optimization of 
the initial mixing to achieve uniform distribution of the chlorine throughout the chamber.  This can be 
accomplished by using:  

 
Â Two units, oriented vertically in the chamber and in such manner as to divide the chamber 

equally into two volumes, or  
Â One unit, oriented horizontally in the center of the conduit conveying the secondary effluent 

flow into the chamber, with the injection being counterflow to the influent flow.   
 
An advantage of the first option is system redundancy. 

 
4. Chlorine contact basin for the existing BNRAS process should incorporate the recommendations 

outlined in Section 4.2.  The essential elements include:  
 

Â Rounding of the square corners with a constant radius fillet at the end of each of the serpentine 
passes using materials consistent with the contact basin wall construction materials;  

Â Installing a longitudinal baffle wall in the center of the first pass, beginning immediately 
downstream of the outlet from the mixing chamber, continuing for the length of the first pass 
and ending at the start of the end fillet; 
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Â Consideration of ceasing the operation of the vertical shaft mixer units because of the degree of 
back-mixing and disruptions of plug flow that these tend to create.   

Â If vertical shaft mixers are utilized in the flash mix chamber, consider installing a vortex splitter 
device on the downstream side of the outlet orifice of the flash mix chamber to reduce back-
mixing;  

Â If hydraulic head permits, install a perforated baffle wall at the downstream end of the first pass 
to promote uniform flow (particularly necessary if vertical mixers are specified for the flash 
mix chamber; and  

Â Providing for step feed of NaOCl to points downstream in the chlorine contact basin (including 
points in the conduit conveying basin effluent to the dechlorination chamber) as a means to 
boost chlorine residuals during critical flow conditions.   

 
5. Construct chlorine contact basins for expandability if increases in CT are necessary to comply with 

future disinfection regulations promulgated by the State of Arizona.  
 
6. Contact time in the chlorine contact basin should be not less than 30 minutes in average daily flow 

conditions, and not less than 20 minutes in peak flow conditions. 
 
7. Storage and feed facilities for sodium hypochlorite should be sized based on the dose needed to 

achieve the target CT (100 mg/L*min) at the residence time recommended above.  These facilities 
should be also constructed for expandability if increases in CT are necessary for future disinfection 
regulations promulgated by the State of Arizona.   

 
8. Surface overflow rate (SOR) for the final clarifier design should not exceed 400 gpd/ft2 for average 

flow conditions, and 600 gpd/ft2 for peak conditions.  The driving force behind these recommended 
values is providing the margin of protection against violation of the single sample maximum criterion 
for E.coli.  It is to be noted that this “margin” is intended to provide protection against noncompliance 
during very small percentage of time in a given year where a severe wet weather event or some 
unforeseen operational anomaly results in high suspended solids concentrations in the secondary 
effluent.  But, the increased final clarification capacity generated by these target design overflow rate 
values does have economic consequences.  Therefore, PCWMD is strongly encouraged to carefully 
evaluate the standard operating procedures currently in place for responding to such abnormal 
conditions.  Revisions to these operational strategies to maximize control of solids in the secondary 
effluent (including approaches such as the State Point Analysis as discussed in Section 4.3 above) can 
help to reduce amount of added clarifier capacity required, thereby minimizing the economic impacts. 
 

9. An on-line turbidity meter should be considered for monitoring particulate concentrations in the 
treated secondary effluent prior to the disinfection process.  This monitoring system would serve as 
an on-line “alarming” device to inform operations personnel of changes occurring in the effluent 
water quality in advance to allow time for corrections and/or adjustments in operational changes. 

 
10. On an annual basis clean and inspect the chlorine contact basins.  Basin cleaning removes solids 

buildup in the system which may under high flow conditions carryover and impact disinfection 
performance.   
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H-1 Aviation Corridor to Santa Cruz Interceptor (ACSC)-1 
Â Both flow rate and water depth are monitored at this site.  A fairly good correlation between water 

depth and flow rate is observed. 
Â The 1-year daily peak water depth varies from 7 to 18 inches.  The 1-year flow rate ranges from 

about 2 to 9 mgd.  The 100-percentile water depth and flow rate are significantly higher than the 
90-percentile values (see Table H-1, located at the end of the Appendix).  This indicates that the 
site is affected by wet weather flow quite significantly. 

Â Two highest water depths and flow rates occurred on August 4 and August 8, 2006.  (The peaks 
happened at different times during the day, further indication that they are caused by wet weather 
flows. 

Â Calculated 10-year water depth is about 21 inches, or a water depth to pipe diameter ratio (d/D) of 
about 0.51, well below the pipe diameter. The calculated 10-year flow rate is about 10.2 mgd, well 
below the Manning’s design capacity determined from the previous study. 

Â In summary, this site is impacted significantly by wet weather flows.  The net wet weather flow 
corresponding to a 10-year storm event is estimated to be 6.63 mgd (see Table H-1, located at the 
end of the Appendix).  The corresponding wet weather peaking factor is 4.00, which is the second 
highest of the monitored sites.  Nevertheless, hydraulic capacity does not appear to be a problem, 
but needs to be confirmed by hydraulic modeling. 

H-2 Aviation Corridor (AV)-1 
Â This site is somewhat independent of the other parts of the conveyance system.  It has both flow 

rate and water depth data. Correlation between water depth and flow rate is considered fair, 
although there were periods that an increase in water depth did not correspond to an increase in 
flow rate.  This could be due to either a downstream deficiency or instrument malfunction. 

Â A review of the data indicated the anomalies were more likely caused by erroneous velocity 
measurements.  Those questionable flow rate data were excluded for further analysis, while water 
depth data at those days were included in the analysis.  Days with questionable flow rate data sets 
include: July 17 to 22, August 15 and 16, September 19, October 10 to 12, and November 15 
(2005), January 15 and 25, March 29 and 30, April 1, June 1 to 5, June 16 and 17 (2006). 

Â Historical daily peak water depth varies from 6 to about 12 inches.  The historical flow rate ranges 
from about 1 to 3.3 mgd.  The 100-percentile water depth and flow rate are significantly higher 
than the 90-percentile values (see Table H-1, located at the end of the Appendix) indicating a 
significant wet weather response. 

Â Two highest water depths and flow rates occurred on July 27 and August 14, 2005. 
Â Calculated 10-year water depth is about 13 inches, well below the pipe diameter for existing 

flows.  The calculated 10-year flow rate is about 4 mgd, well below the design capacity 
determined from the previous study. 

Â In summary, this site is impacted significantly by wet weather flows.  The net wet weather flow 
corresponding to a 10-year storm event is estimated to be 2.48 mgd (see Table H-1, located at the 
end of the Appendix).  The peaking factor is 3.80, which is the third highest of the monitored sites.  
Hydraulic capacity appears to be adequate, but needs confirmation via hydraulic modeling. 
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H-3 Canada Del Oro (CDO)-1 
Â Only water depth data are available at this site. 
Â Results exclude two questionable 1-minute data points which occurred on April 15, 2006.  These 

two data points were probably caused by erroneous measurements.  
Â The 100-percentile and 90-percentile water depth is about 19 inches and 17 inches, respectively 

(see Table H-1, located at the end of the Appendix).  The maximum daily peak water depth 
occurred on March 5, 2006. 

Â In summary, this site is affected by wet weather flows, but not as significant as the previous two 
sites.  The calculated 10-year water depth is about 21 inches, which is less than half of the pipe 
diameter.  Hydraulic capacity is therefore not a concern for the current condition but needs to be 
confirmed by hydraulic modeling. 

H-4 CDO-2 
Â Only water depth data are available at this site. 
Â The 100-percentile and 90-percentile water depth is about 12 inches and 10 inches, respectively  

(see Table H-1, located at the end of the Appendix).  The maximum daily peak water depth 
occurred on August 6, 2005. 

Â In summary, this site is affected by wet weather flows.  The calculated 10-year water depth is 
about 14 inches, which is less than half of the pipe diameter.  Hydraulic capacity is not a concern 
for the current condition, but needs to be confirmed by hydraulic modeling. 

H-5 CDO-3 
Â This site is upstream of CDO-2 and only has water depth data. 
Â The 100-percentile and 90-percentile water depth is about 12 inches and 8 inches, respectively  

(see Table H-1, located at the end of the Appendix). 
Â Maximum daily peak water depth occurred at the same day as that for site CDO-2, which is 

August 6, 2005.  This indicates that the maximum daily peak water depths for these two sites may 
be the result of the same storm event. 

Â In summary, this site is affected by wet weather flows.  The calculated 10-year water depth is 
about 12 inches, which is half of the pipe diameter.  Hydraulic capacity is not a concern for the 
current condition, but needs to be confirmed by hydraulic modeling.  

H-6 Campbell Wash (CW)-1 
Â Only water depth data are available at this site.  Note that this is one of the two locations with the 

smallest pipe diameter of the monitoring sites. 
Â The 15-minute daily peak water depth varies from 2 to about 3.7 inches.  The 100-percentile water 

depth is considerably higher than the 90-percentile value (see Table H-1, located at the end of the 
Appendix).  The maximum water depth occurred on August 23, 2005. 
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Â In summary, this site is affected significantly by wet weather flows.  The calculated 10-year water 
depth is about 3 inches, which is half of the pipe diameter.  Hydraulic capacity is not a concern for 
the current condition. 

Â Note that the calculated 10-year water depth is less than the historical 100-percentile value.  This 
indicates that the 100-percentile water depth during this one year period may be the response to a 
storm event with a recurrence interval of longer than 10 years. 

H-7 Dove Mountain (Dove) 
Â Only water depth data are available at this site. 
Â Results exclude questionable 1-minute data points on the following days: July 13, August 2, 3 and 

8, September 10 and 19, October 18 and 22, November 9, December 9 (2005), January 20, 
February 2 and 19, May 4, 14 and 24, and June 6 (2006). 

Â Measured water depth either jumped to a very high value in one minute and back to a low value in 
the next minute, or the measured values fluctuated around zero and very high values during a short 
period of time.  Note that including these abnormal data points will overestimate the water depth.  
For example, the 100-percentile water depth would be almost 7 inches rather than 3 inches 
described below. 

Â The 15-minute daily peak water depth varies from 2 to about 3 inches.  The 100-percentile value is 
not much different than the 90-percentile value (see Table H-1, located at the end of the 
Appendix).  The maximum water depth occurred on March 18, 2006. 

Â In summary, this site is not affected significantly by wet weather flow.  The calculated 10-year 
water depth is about 3.3 inches, well below the pipe diameter.  Hydraulic capacity is not a concern 
for the current condition. 

H-8 Green Valley (GV)-1 
Â This site is somewhat independent of the other parts of the conveyance system.  It has both water 

depth and flow rate data. 
Â Correlation between water depth and flow rate is considered fair, except during the period from 

October 15 to 23, 2005.  The 1-minute data exhibited many zero flow rates during this period.  .  
This is likely caused by erroneous velocity readings.  Flow rate data from October 15 to 23, 2005 
were therefore excluded from the analysis. 

Â The 15-minute daily peak water depth and flow rate varies from about 6 to 11 inches and from 
about 1 to 3 mgd.  The 100-percentile values are somewhat higher than the 90-percentile values  
(see Table H-1, located at the end of the Appendix).  The maximum water depth and flow rate 
occurred on February 20, 2006. 

Â Calculated 10-year water depth is about half of the pipe diameter.  The calculated 10-year flow rate 
is about 3.2 mgd, well below the Manning’s design capacity determined from the previous study. 

Â Net weather flow corresponding to a 10-year storm event is estimated to be 1.52 mgd (see Table 
H-1, located at the end of the Appendix) with a peaking factor of 2.66.  In summary, this site is 
affected by wet weather flow, yet it seems to have adequate capacity to convey it. 
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H-9 North Rillito Interceptor (NRI)-1 
Â Both water depth and flow rate data are available at this site.  There is a period, from October 5 to 

October 28, 2005, during which the flow rates are significantly higher than those at other periods.  
However, the water depths do not exhibit a similar pattern at the same time period.  The anomalies 
are more pronounced when water depths are plotted against flow rates. 

Â A review of the data seems to indicate these anomalies were likely caused by erroneous velocity 
measurements.  Questionable flow rate data was excluded from this analysis, while water depth 
data for those days was included. 

Â Historical daily peak water depth ranges from about 22 to 31 inches.  The historical daily peak 
flow rate varies from about 16 to 31 mgd.  The 100-percentile water depth and flow rate are 
significantly higher than the 90-percentile values (see Table H-1, located at the end of the 
Appendix). 

Â Highest water depth and flow rate occurred on September 15, 2005. 
Â Calculated 10-year water depth is about 32 inches, less than the pipe diameter for existing flows.  

The calculated 10-year flow rate is about 38 mgd, below the design capacity determined from the 
previous study. 

Â In summary, this site is impacted significantly by wet weather flows with the net wet weather flow 
corresponding to a 10-year storm event is estimated to be 11.16 mgd  (see Table H-1, located at 
the end of the Appendix).  The peaking factor is 2.21.  While hydraulic capacity appears to be 
adequate at the moment, this may not be the case for the entire 25-year planning period. 

H-10 NRI-2 
Â This site has both water depth and flow rate data.   
Â Correlation between water depth and flow rate is considered fair, except for the data point at the 

maximum flow rate.  It is not clear whether this abnormal data point was real or caused by an 
erroneous velocity reading. 

Â Daily peak water depth varies from about 15 to 26 inches.  The daily peak flow rate ranges from 
10 to 32 mgd.  The maximum flow rate occurred on July 6, 2005, as discussed above.  The 
maximum water depth occurred on September 14, 2005. 

Â The 100-percentile values of water depth and flow rate are significantly higher than the 90-
percentile values (see Table H-1, located at the end of the Appendix), indicating significant wet 
weather impacts. 

Â Calculated 10-year water depth and flow rate is about 29 inches and 33 mgd, respectively. 
Â In summary, this site is significantly affected by wet weather flows.  The net wet weather flow 

corresponding to a 10-year storm event is calculated to be 17.97 mgd (see Table H-1, located at 
the end of the Appendix) with a peaking factor of 3.04.  Hydraulic capacity appears to be adequate 
at the moment, but this may not be the case for the entire 25-year planning period. 

H-11 NRI-3 
Â This site has both water depth and flow rate data.  Correlation between these daily peak water 

depths and flow rates is good . 
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Â Daily peak water depth varies from about 10 to 14 inches.  Flow rates range from about 6 to 12 
mgd. 

Â Highest water depth and flow rate occurred on August 23 and November 24, 2005 respectively. 
Â Calculated 10-year water depth is about 15 inches, or a d/D of 0.46.  The calculated 10-year flow 

rate is about 12 mgd, well below the Manning’s design capacity reported in previous studies. 
Â In summary, this site is only slightly affected by wet weather flows.  The net wet weather flow 

corresponding to a 10-year storm event is estimated to be 2.29 mgd  (see Table H-1, located at the 
end of the Appendix).  The corresponding wet weather peaking factor is 1.74.  Hydraulic capacity 
does not appear to be a problem. 

H-12 Northwest Outfall (NWO)-1 
Â Only depth data were provided for this site.  Although a maximum water depth of about 30 inches 

was found on June 30, 2006, a review of the 1-minute data indicated that this data point is 
questionable and was therefore excluded from the analysis. 

Â Daily peak water depth varies from about 21 to 29 inches.  The 100-percentile water depth 
occurred on August 6, 2005. 

Â Calculated 10-year water depth is about 30 inches, well below the pipe diameter (48-inch).   
Â In summary, this site is only slightly impacted by wet weather flows.  Hydraulic capacity appears 

to currently be adequate. 

H-13 Pontatoc Wash (PONT)-1 
Â Only water depth data are available at this site.  Although a daily peak water depth of about 30 

inches was found on May 25, 2005, this data point was excluded in the analysis due to the 
potential erroneous reading at that day. 

Â Daily peak water depth varies from about 3 to 5 inches.  The 100-percentile water depth is 
significantly higher than the 90-percentile value (see Table H-1, located at the end of the 
Appendix).  The maximum water depth occurred on August 14, 2005.  This may have been a 
backwater condition resulting from capacity limitations of the downstream NRI. 

Â Calculated 10-year water depth is about 4 inches, significantly less than the pipe diameter (12-inch). 
Â In summary, while this site appears to be slightly impacted by wet weather flows, this cannot be 

verified from depth data alone. 

H-14 Pantano Interceptor (PTI)-1 
Â Both water depth and flow rate data were provided for this site. 
Â Correlation between water depths and flow rates is good, although there are periods that flow rates 

were relatively low. 
Â A review of the 1-minute data for those low flow rate periods does not indicate any unusual 

readings.  No data were excluded in this analysis. 
Â Daily peak water depth varies from about 12 to 16 inches.  The historical daily peak flow rate 

ranges from about 8 t o14 mgd. 
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Â Maximum water depth and flow rate occurred on August 23, 2005. The calculated 10-year water 
depth is about 17 inches, half of the 36-inch pipe diameter.  The calculated 10-year flow rate is 
about 13 mgd, well below the design capacity determined from the previous study. 

Â In summary, this site does not appear to be significantly impacted by wet weather flows with a 
10-year wet weather flow of about 2.3 mgd and a peaking factor of 1.71 (see Table H-1, located at 
the end of the Appendix). 

H-15 PTI-2 
Â Only water depth data were provided for this site.  Two questionable 1-minute water depth 

readings occurred on August 26, 2005 and are excluded from this analysis. 
Â Daily peak water depth varies from about 9 to 14 inches. 
Â Maximum water depth occurred on November 24, 2005. 
Â Calculated 10-year water depth is about 15 inches, significantly less than the pipe diameter 

(30-inch). 
Â In summary, this site is not significantly impacted by wet weather flows and hydraulic capacity 

appears to be adequate. 

H-16 Santa Cruz-East Interceptor (SCE)-1 
Â Both water depth and flow rate data were provided for this site. 
Â Water depth data on November 20, 2005 and June 26, 2006 were considered questionable and 

excluded from the analysis.  Flow rate data on the following days are considered questionable and 
excluded:  July 29 and 30, 2005. November 11 to 21, 2005 and June 25, 2006. 

Â Daily peak water depth varies from 19 to 29 inches.  The daily peak flow rate varies from 14 to 44 
mgd.  The 100-percentile water depth and flow rate are significantly higher than the 90-percentile 
values (see Table H-1, located at the end of the Appendix). 

Â Calculated 10-year water depth is about 28 inches, or a d/D of about 0.36, well below the pipe 
diameter (78-inch).  The calculated 10-year flow rate is about 50 mgd, well below the Manning's 
design capacity determined from the previous study. 

Â In summary, this site is significantly affected by wet weather flows.  The net wet weather flow 
corresponding to a 10-year storm event is about 21 mgd (see Table H-1, located at the end of the 
Appendix).  The corresponding peaking factor is 2.45.  Hydraulic capacity appears to be adequate 
at the moment, but this may not be the case for the entire 25-year planning period. 

H-17 SCE-2 
Â Both flow rate and water depth data were provided for this site.  However, flow rate data are only 

available for: February 28, 2006 and March 1 to 30, 2006.  Therefore, only water depth data were 
analyzed.  Note that water depth data from February 17 to 27, 2006, are not available. 

Â A review of the 1-minute data for the two maximum daily water depths occurred on August 7 and 
9, 2006 indicated that the data for these two days were likely caused by erroneous readings.  Data 
for these two days are excluded from the analysis. 
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Â Remaining data exhibited a water depth from about 8 to 19 inches.  The 100-percentile value is 
significantly higher than the 90-percentile value (see Table H-1, located at the end of the 
Appendix). 

Â Calculated 10-year water depth is about 17 inches, or a d/D of about 0.6.  Note that the calculated 
10-year value is less than two of the maximum daily water depth values observed in this one-year 
period.  These two water depths may be a response to storm events with recurrence intervals 
greater than 10 years, or may have been caused by downstream deficiencies. 

Â In summary, this site is appears to be significantly impacted by wet weather flows.  A comparison 
of the 10-year water depth and pipe diameter indicates that hydraulic capacity is adequate for 
current flows. 

H-18 Santa Cruz Interceptor (SCI)-1 
Â Both water depth and flow rate data were provided for this site.  Data on July 24 and 25, 2005 are 

considered questionable and were excluded.  Data on July 27 and 28, 2005 were not available.  
The remaining data indicated a fairly good correlation between water depths and flow rates. 

Â Daily peak water depth varies from about 11 to 19 inches.  The historical flow rate varies from 
about 4 to 8 mgd.  The 100-percentile values of water depth and flow rate are significantly greater 
than the 90-percentile values (see Table H-1, located at the end of the Appendix). 

Â Calculated 10-year water depth and flow rate are about 17 inches and 7.3 mgd, respectively.  
These values are well below the pipe diameter (30-inch) and the Manning’s design capacity 
determined from the previous study. 

Â In summary, this site is significantly impacted by wet weather flows.  The net weather flow 
due to a 10-year storm event is estimated to be about 2.78 mgd, with a peaking factor of 2.26 (see 
Table H-1, located at the end of the Appendix).  Hydraulic capacity is not considered to be a 
problem but needs confirmation via hydraulic modeling. 

H-19 Southeast Interceptor (SEI)-1 
Â Only water depth data are available at this site. 
Â Historical water depth varies from about 19 to 28 inches.  The 100-percentile water depth is 

significantly higher than the 90-percentile value (See Table H-1 at the end of Appendix E). 
Â Calculated 10-year water depth is about 28 inches, or a d/D of about 0.5. 
Â In summary, this site is affected by wet weather flows but hydraulic capacity is not a problem. 

H-20 SEI-2 
Â Only water depth data are available at this site. 
Â Maximum daily peak water depth occurred on August 23, 2005.  It has a value of about 35 inches, 

which is significantly higher than all other observed values at this site.  Furthermore, this value is 
very close to the pipe diameter, which is 36 inches.  A review of the 1-minute data indicates that 
the observation may be real.  This peak value was included in the historical percentile value.  The 
second maximum water depth occurred on July 23, 2005. 

Â In summary, the water depth at this site varies from 10 to 35 inches.  It is impacted by wet weather 
flows significantly.  The calculated 10-year water depth is about 19 inches or a d/D of 0.52  (see 
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H-21 SEI-3 
Â Only water depth data are available at this site.  Some high water depth readings were 

questionable and excluded in this analysis.  Days with these questionable readings include: the 
whole month of July, August 1, 19 and 26, September 2, 14, and 15 to 30, October 1, 24 and 26, 
November 15, 18 and 26, December 16 to 29 (2005), January 21, February 1 to 21, March 6, April 
14, May 14, 22 and 24, June 6, 14 to 19 and 30 (2006). 

Â Daily peak water depths, after excluding the above abnormal data points, vary from about 9 to 17 
inches.  The 100-percentile value is significantly higher than the 90-percentile value (See Table 
H-1 at the end of Appendix E). 

Â Calculated 10-year water depth is about 16 inches, or a d/D of about 0.53. 
Â In summary, this site is impacted by wet weather flows quite significantly.  Hydraulic capacity 

appears to be adequate for the current condition but needs confirmation via hydraulic modeling. 

H-22 South Rillito Interceptor-Central (SRC)-1 
Â Both water depth and flow rate data are available at this site.  Correlation between water depth and 

flow rate is good, except for 4 daily peak data points.  These abnormal data points occurred on 
August 24 to 27, 2005, which include the two highest daily peak flow rates. 

Â A review of the 1-minute data points for these 4 days indicated that they are probably due to 
erroneous velocity measurements.  Flow rate data for these 4 days were excluded for further 
analysis, while water depth data at those days were included in the analysis. 

Â Historical daily peak water depth varies from about 19 to 25 inches.  The historical daily peak 
flow rate varies from about 14 to 26 mgd.  The 100-percentile water depth and flow rate are 
significantly greater than the 90-percentile values (see Table H-1, located at the end of the 
Appendix). 

Â Calculated 10-year water depth is about 26 inches, which is well below the pipe diameter.  The 
calculated 10-year flow rate is about 29 mgd, which is higher than the Manning’s design capacity 
determined from previous study.  Note that the capacity is 11.8 mgd, which is even less than the 
lowest flow rate (14 mgd) observed in this year.  This indicated that the design capacity from the 
previous study is probably not accurate. 

Â In summary, this site is impacted by wet weather flows.  The calculated 10-year net wet weather 
flow is 12.36 mgd, with a peaking factor of 2.47 (see Table H-1, located at the end of the 
Appendix).  The 10-year calculated water depth is only about half of the pipe diameter, an 
indication that hydraulic capacity is not a concern.  The 10-year calculated flow rate should be 
compared with hydraulic modeling results to confirm whether the existing hydraulic capacity is 
adequate. 

H-23 South Rillito Interceptor – West (SRW)-1 
Â This site has both water depth and flow rate data, with a fairly good correlation. 
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Â Historical daily peak water depth varies from about 8 to 15 inches.  The historical daily peak flow 
rate varies from about 2 to 4 mgd.  The 100-percentile values are somewhat higher than the 90-
percentile values (see Table H-1, located at the end of the Appendix). 

Â Calculated 10-year water depth is about 15 inches, or a d/D of 0.51.  The calculated 10-year flow 
rate is about 4.2 mgd, below the Manning’s design capacity determined from the previous study. 

Â In summary, this site is affected by wet weather flows.  The calculated 10-year net wet weather 
flow is 1.81 mgd, with a peaking factor of 2.45 (see Table H-1, located at the end of the 
Appendix).  Hydraulic capacity does not appear to be a problem, but requires confirmation via 
hydraulic modeling. 

H-24 South Rillito Interceptor-West, North Line (SRWN)-1 
Â This site only has water depth data. 
Â Historical daily peak water depth varies from about 8 to 19 inches.  The 100-percentile value is 

somewhat higher than the 90-percentile value (see Table H-1, located at the end of the Appendix). 
Â Calculated 10-year water depth is about 18 inches, or a d/D of 0.3. 
Â In summary, this site is slightly impacted by wet weather flows, but hydraulic capacity appears to 

be adequate. 

H-25 South Rillito Interceptor-West, South Line (SRWS)-1 
Â Only water depth data are available at this site, with the daily peak values varying from about 12 

to 19 inches. 
Â The 100-percentile water depth is significantly greater than the 90-percentile value  (see Table H-

1, located at the end of the Appendix), indicating a considerable impact of wet weather flows. 
Â Calculated 10-year water depth is about 21 inches or a d/D of 0.77. 
Â In summary, this site is impacted by wet weather flows, but hydraulic capacity appears to be 

adequate for the current condition based on the calculated 10-year water depth and pipe diameter. 

H-26 Southwest Interceptor (SWI)-1 
Â Both water depth and flow rate data are available at this site.  A good correlation between water 

depth and flow rate is observed, except for the day with the highest water depth and flow rate. 
Â Highest daily peak water depth and flow rate occurred on August 23, 2005.  A review of the 1-

minute data on that day indicated that backwater, caused by downstream deficiency, might occur. 
Â Historical daily peak water depth varies from about 4 to 30 inches.  The historical daily peak flow 

rate ranges from about 2 to 10 mgd.  The 100-percentile values of water depth and flow rates are 
significantly higher than the 90-percentile values (see Table H-1, located at the end of the 
Appendix). 

Â Calculated water depth is about 11 inches, or a d/D of 0.35.  The calculated 10-year flow rate is 
about 9 mgd, well below the Manning’s design capacity determined from the previous study. 

Â In summary, this site is impacted by wet weather flows.  The calculated 10-year net wet weather 
flow is 2.13 mgd, with a peaking factor of 1.87 (see Table H-1, located at the end of the 
Appendix).  Backwater, caused by downstream deficiency, might happen during the one-year 
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period.  Hydraulic capacity at this site appears to be adequate for the current condition but needs 
confirmation via hydraulic modeling. 

H-27 Tucson Boulevard Diversion (TUCDIV) 
Â Both water depth and flow rate data are available at this site.  Note that this site is unique because 

the amount of flow through this pipe depends on how it is operated.  Water depth and flow rate 
shown at this site may not be a direct response of wet weather flows in this area. 

Â Some water depth and flow rate data are questionable and excluded in the analysis.  After 
excluding those questionable data points, a fairly good correlation between water depth and flow 
rate is observed. 

Â Historical daily peak water depth varies from about 2 to 32 inches. The historical daily peak flow 
rate varies from about 1 to 12 mgd.  The 100-percentile values are significantly higher than the 90-
percentile values (see Table H-1, located at the end of the Appendix). 

Â Calculated 10-year water depth is about 23 inches, or a d/D of 0.70.  The calculated 10-year flow rate 
is about 15 mgd, well below the Manning’s design capacity from the previous study (see Table H-1, 
located at the end of the Appendix). 

Â In summary, this site may be impacted by wet weather flows.  However, the impact is complicated 
by the way this site is operated and may not be a direct result of the wet weather flows in this area.  
Nevertheless, the calculated 10-year net wet weather flow is 11.79 mgd, with a peaking factor of 
6.67 (see Table H-1, located at the end of the Appendix).  Note that this is the highest peaking 
factor among all the monitoring sites.  However, it may not be a real peaking factor as mentioned 
previously.  Whether hydraulic capacity is adequate is related to future operation. 
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Table H-1 
Historical and Calculated Flow Rates and Water Depths 

 
Flow Rate, mgd Water Depth/Pipe Diameter 

Historical(1) Calculated Historical(1) Calculated Site 
10% 50% 90% 100% 10-year 

Design 
Capacity(2), 

mgd 

Wet 
Weather 
Flow(3) 

PF(4) 

10% 50% 90% 100% 10-year 

Pipe 
Diameter 

(inch) 

ACSC-1 2.69 3.56 4.60 8.77 10.19 19.2 6.63 4.00 0.22 0.26 0.29 0.42 0.51 42 
AV-1 1.10 1.45 1.87 3.28 3.93 9.1 2.48 3.80 0.30 0.34 0.38 0.53 0.57 24 

CDO-1 - - - - - 94.8 - - 0.29 0.32 0.36 0.39 0.43 48 
CDO-2 - - - - - 31.1 - - 0.24 0.25 0.28 0.33 0.38 36 
CDO-3 - - - - - - - - 0.27 0.31 0.33 0.48 0.49 24 
CW-1 - - - - - - - - 0.19 0.20 0.21 0.31 0.25 12 

Dove Mtn - - - - - - - - 0.16 0.17 0.20 0.21 0.22 15 
GV-1 1.26 1.69 2.34 2.82 3.21 - 1.52 2.66 0.34 0.39 0.46 0.51 0.50 21 
NRI-1 16.96 19.40 25.54 30.82  30.56 38.3 11.16 2.21 0.54 0.56 0.66 0.74 0.76 42 
NRI-2 12.82 15.32 20.04 32.40 33.29 - 17.97 3.04 0.45 0.50 0.56 0.68 0.73 39 
NRI-3 8.19 9.49 10.10 11.93 11.78 20.1 2.29 1.74 0.33 0.36 0.37 0.41 0.46 33 

NWO-1 - - - - - 28.7 - - 0.48 0.52 0.55 0.60 0.63 48 
PONT-1 - - - - - 16.18 - - 0.27 0.31 0.33 0.44 0.35 12 

PTI-1 9.37 10.57 11.66 14.44  12.87 29.8 2.30 1.71 0.36 0.38 0.40 0.44 0.46 36 
(1) Based on data recorded from July 1, 2005 to June 30, 2006 
(2) From previous study: 2006 Metropolitan Area Facility Plan Update.  Included here for reference only 
(3) Wet weather flow, estimated as the difference between the calculated 10-year flow and historical 50-percentile flow 
(4) PF: Peaking factor, estimated as 1.4 x (calculated 10-year flow/ historical 50-percentile flow) 
ACSC = Aviation Corridor to Santa Crus Interceptor;  AV = Aviation Corridor; CDO = Canada Del Oro;  CW = Campbell Wash;  Dove  
Mtn = Dove Mountain;  GV = Green Valley;  NRI = North Rillito Interceptor;  NOW = Northwest Outfall;  PONT = Pontatoc Wash;  
PTI = Pantano Interceptor 
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Table H-1 (continued) 
Historical and Calculated Flow Rates and Water Depths 

 
Flow Rate, mgd Water Depth/Pipe Diameter 

Historical(1) Calculated Historical(1) Calculated Site 
10% 50% 90% 100% 10-year 

Design 
Capacity(2), 

mgd 

Wet 
Weather 
Flow(3) 

PF(4) 

10% 50% 90% 100% 10-year 

Pipe 
Diameter

(inch) 

PTI-2 - - - - - 13.5 - - 0.35 0.38 0.41 0.45 0.48 30
SCE-1 25.23 28.33 34.05 44.32 49.52 148.1 21.19 2.45 0.28 0.30 0.31 0.37 0.36 78 
SCE-2 - - - - - 7.8 - - 0.30 0.38 0.42 0.62  0.58 30 
SCI-1 4.19 4.51 4.97 8.34  7.29 12.1 2.78 2.26 0.38 0.40 0.42 0.62 0.57 30 
SEI-1 - - - - - 92.8 - - 0.36 0.37 0.38 0.46 0.47 60 
SEI-2 - - - - - - - - 0.30 0.31 0.33 0.98  0.52 36 
SEI-3 - - - - - 21.4 - - 0.33 0.36 0.39 0.57  0.53 30 
SRC-1 14.93 16.17 18.03 26.26 28.53 11.8 12.36 2.47 0.35 0.37 0.38 0.45 0.48 54 
SRW-1 2.22 2.42 2.69 3.90 4.23 7.8 1.81 2.45 0.30 0.32 0.33 0.51  0.51 30 
SRWN-1 - - - - - 127.9 - - 0.20 0.24 0.25 0.28 0.28 66 
SRWS-1 - - - - - 9.7 - - 0.48 0.50 0.53 0.71 0.77 27 
SWI-1 5.48 6.39 7.10 9.46 8.52 43.9 2.13 1.87 0.28 0.31 0.33 0.89  0.35 33 
TUCDIV 1.37 3.13 7.61 11.98 14.92 30.2 11.79 6.67 0.20 0.30 0.40 0.96  0.70 33 

(1) Based on data recorded from July 1, 2005 to June 30, 2006 
(2) From previous study: 2006 Metropolitan Area Facility Plan Update.  Included here for reference only 
(3) Wet weather flow, estimated as the difference between the calculated 10-year flow and historical 50-percentile flow 
(4) PF: Peaking factor, estimated as 1.4 x (calculated 10-year flow/ historical 50-percentile flow) 
SCE = Santa Cruz-East Interceptor;  SEI = Southeast Interceptor;  SRC = South Rillito Interceptor-Central;   
SRW = South Rillito Interceptor-West;  SRWN = South Rillito Interceptor-West, North Line;  SRWS = South Rillito Interceptor-West, South Line;  
SWI = Southwest Interceptor;  TUCDIV = Tucson Boulevard Diversion 
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Figure ACSC-1 Daily Peak Water Depths and Flow Rates (site: ACSC-1). 
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Figure ACSC-2 Correlation between Daily Peak Water Depths and Flow Rates (site ACSC-1) 
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Figure ACSC-3 Historical Percentile Values of Water Depth (site: ACSC-1) 

0.00

2.00

4.00

6.00

8.00

10.00

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0% 80.0% 90.0% 100.0%

Percent Less Than

Fl
ow

 R
at

e 
(m

gd
)

 
Figure ACSC-4 Historical Percentile Values of Flow Rate (site: ACSC-1) 

H-2 



Pima County Regional Wastewater Reclamation Department 
Tucson, Arizona 

Pima County Regional Optimization Master Plan 

Regional Optimization Master Plan 
Final Report 

Appendix H - Flow and Depth Figures  
 

0

4

8

12

16

20

8/4/2005
0:00

8/4/2005
4:48

8/4/2005
9:36

8/4/2005
14:24

8/4/2005
19:12

8/5/2005
0:00

W
at

er
 D

ep
th

 (i
nc

h)

0

2

4

6

8

10

12

Fl
ow

 R
at

e 
(m

gd
)

Water Depth
Flow Rate

 
Figure ACSC-5 One-minute Data Points with the Maximum Water Depth and Flow Rate (site: ACSC-1) 

0

4

8

12

16

20

8/8/2005 0:00 8/8/2005 2:24 8/8/2005 4:48 8/8/2005 7:12 8/8/2005 9:36 8/8/2005
12:00

W
at

er
 D

ep
th

 (i
nc

h)

0

2

4

6

8

10

12

Fl
ow

 R
at

e 
(m

gd
)

Water Depth
Flow Rate

 
Figure ACSC-6 One-minute Data Points with the Second Highest Water Depth and flow Rate (site: 

ACSC-1)  
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Figure ACSC-7 Water Depths at Different Recurrence Intervals (site: ACSC-1). 
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Figure ACSC-8 Flow Rates at Different Recurrence Intervals ((site: ACSC-1)  
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Figure AV-1 Daily Peak Water Depths and Flow Rates (site: AV-1). 
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Figure AV-2 Correlation between Daily Peak Water Depths and Flow Rates (site: AV-1) 
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Figure AV-3 One Example of Questionable Data Points (site: AV-1) 
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Figure AV-4 Another Example of Questionable Data Points (site: AV-1) 
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Figure AV-5 Historical Percentile Values of Water Depth (site: AV-1) 
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Figure AV-6 Historical Percentile Values of Flow Rates (site: AV-1) 
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Figure AV-7 One-minute Data Points with the Maximum Water Depth and Flow Rate (site: AV-1) 
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Figure AV-8 One-minute Data Points with the Second Maximum Water Depth and Flow Rate (site: 

AV-1) 
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Figure AV-9 Water Depths at Different Recurrence Intervals (site: AV-1) 
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Figure AV-10 Flow Rates at Different Recurrence Intervals (site: AV-1) 
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Figure CDO-1-1 Daily Peak Water Depths (site: CDO-1) 
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Figure CDO-1-2 Two Questionable One-minute Data Points Excluded in the Analysis (site: CDO-

1) 
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Figure CDO-1-3 Historical Percentile Values of Water Depth (site: CDO-1) 

0

5

10

15

20

3/5/2006
0:00

3/5/2006
4:48

3/5/2006
9:36

3/5/2006
14:24

3/5/2006
19:12

3/6/2006
0:00

W
at

er
 D

ep
th

 (i
nc

h)

 
Figure CDO-1-4 One-minute Data Points with the Maximum Water Depth (site: CDO-1) 
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Figure CDO-1-5 Water Depths at Different Recurrence Intervals (site: AV-1) 
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Figure CDO-2-1 Daily Peak Water Depths (site: CDO-2) 
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Figure CDO-2-2 Historical Percentile Values of Water Depth (site: CDO-2) 
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Figure CDO-2-3 One-minute Data Points with the Maximum Water Depth (site: CDO-2) 
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Figure CDO-2-4 Water Depths at Different Recurrence Intervals (site: CDO-2) 
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Figure CDO-3-1 Daily Peak Water Depths (site: CDO-3) 
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Figure CDO-3-2 Historical Percentile Values of Water Depth (site: CDO-3) 
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Figure CDO-3-3 One-minute Data Points with the Maximum Water Depth (site: CDO-3) 
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Figure CDO-3-4 Water Depths at Different Recurrence Intervals (site: CDO-3) 
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Figure CW-1-1 Daily Peak Water Depths (site: CW-1) 
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Figure CW-1-2 Historical Percentile Values of Water Depth (site: CW-1) 
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Figure CW-1-3 One-minute Data Points with the Maximum Water Depth (site: CW-1) 
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Figure CW-1-4 Water Depths at Different Recurrence Intervals (site: CW-1) 
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Figure Dove-1 Daily Peak Water Depths (site: Dove Mtn) 
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Figure Dove-2 One Example of Questionable 1-minute Data Point (site: Dove Mtn) 
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Figure Dove-3  Another Example of Questionable 1-minute Data Points (site: Dove Mtn) 
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Figure Dove-4  Historical Percentile Values of Water Depth (site: Dove Mtn) 
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Figure Dove-5  One-minute Data Points with the Maximum Water Depth (site: Dove Mtn) 
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Figure Dove-6  Water Depths at Different Recurrence Intervals (site: Dove Mtn) 
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Figure GV-1-1 Daily Peak Water Depths and Flow Rates (site: GV-1) 
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Figure GV-1-2 Correlation between Daily Peak Water Depths and Flow Rates (site: GV-1) 
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Figure GV-1-3 An example of Questionable 1-minute Data Points (site: GV-1) 
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Figure GV-1-4 Historical Percentile Values of Water Depth (site: GV-1) 
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Figure GV-1-5 Historical Percentile Values of Flow Rates (site: GV-1) 
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Figure GV-1-6 One-minute Data Points with the Maximum Water Depth and Flow Rate (site: 

GV-1). 
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Figure GV-1-7 Water Depths at Different Recurrence Intervals (site: GV-1) 
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Figure GV-1-8 Flow Rates at Different Recurrence Intervals (site: GV-1) 
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Figure NRI-1-1 Daily Peak Water Depths and Flow Rates (site: NRI-1). 
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Figure NRI-1-2 Correlation between Water Depths and Flow Rates (site: NRI-1). 
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Figure NRI-1-3  An Example of Questionable Data Points (site: NRI-1) 

0.00

6.00

12.00

18.00

24.00

30.00

36.00

42.00

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0% 80.0% 90.0% 100.0%

Percent Less Than

W
at

er
 D

ep
th

 (i
nc

h)

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

1.00

d/
D

 
Figure NRI-1-4  Historical Percentile Values of Water Depth (site: NRI-1) 
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Figure NRI-1-5  Historical Percentile Values of Flow Rate (site: NRI-1) 
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Figure NRI-1-6 One-minute Data Points with the Maximum Flow Rate and Water Depth (site: 

NRI-1). 
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Figure NRI-1-7 Water Depths at Different Recurrence Intervals (site: NRI-1). 
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Figure NRI-1-8 Flow Rates at Different Recurrence Intervals (site: NRI-1). 
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Figure NRI-2-1  Daily Peak Water Depths and Flow Rates (site: NRI-2) 
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Figure NRI-2-2  Correlation between Daily Peak Water Depths and Flow Rates (site: NRI-2) 
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Figure NRI-2-3  One-minute Data Points with the Maximum Flow Rate (site: NRI-2) 
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Figure NRI-2-4  Historical Percentile Values of Water Depth (site: NRI-2) 
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Figure NRI-2-5  Historical Percentile Values of Flow Rate (site: NRI-2) 
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Figure NRI-2=6  One-minute Data Points with the Maximum Water Depth (NRI-2) 
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Figure NRI-2-7  Water Depth at Different Recurrence Intervals (site: NRI-2) 
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Figure NRI-2-8  Flow Rates at Different Recurrence Intervals (site: NRI-2)
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Figure NRI-3-1 Daily Peak Water Depths and Flow Rates (site: NRI-3) 
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Figure NRI-3-2 Correlation between Daily Peak Water Depths and Flow Rates (site: NRI-3) 
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Figure NRI-3-3 Historical Percentile Values of Water Depth (site: NRI-3) 
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Figure NRI-3-4 Historical Percentile Values of flow Rate (site: NRI-3) 
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Figure NRI-3-5 One-minute Data Points with the Maximum Water Depth and Second Maximum 

Flow Rate (site: NRI-3) 
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Figure NRI-3-6 One-minute Data Points with the Second Maximum Water Depth and Maximum 

Flow Rate (site: NRI-3) 
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Figure NRI-3-7 Water Depths at Different Recurrence Intervals (site: NRI-3) 
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Figure NRI-3-8 Flow Rates at Different Recurrence Intervals (site: NRI-3) 
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Figure NWO-1-1 Daily Peak Water Depths (site: NWO-1). 
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Figure NWO-1-2 Questionable 1-minute Data Points (site: NOW-1) 
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Figure NWO-1-3 Historical Percentile Values of Water Depth (site: NOW-1). 
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Figure NWO-1-4 One-minute Data Points with the Maximum Water Depth (site: NOW-1). 
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Figure NWO-1-5 Water Depths at Different Recurrence Intervals (site: NOW-1). 
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Figure PONT-1-1 Daily Peak Water Depths (site: PONT-1). 
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Figure PONT-1-2 Questionable 1-minute Data Points (already excluded in Figure PONT-1-1) (site: 

PONT-1). 
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Figure PONT-1-3 Historical Percentile Values of Water Depth (site: PONT-1). 
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Figure PONT-1-4 One-minute Data Points with the Maximum Water Depth (site: PONT-1). 
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Figure PONT-1-5 Water Depths at Different Recurrence Intervals (site: PONT-1). 
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Figure PTI-1-1 Daily Peak Water Depths and Flow Rates (site: PTI-1-1). 
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Figure PTI-1-2 Correlation between Daily Peak Water Depths and Flow Rates (site: PTI-1). 
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Figure PTI-1-3 One-minute Data Points with Relatively Low Flow Rate Readings (site: PTI-1) 
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Figure PTI-1-4 One-minute Data Points with Relatively Low Flow Rate Readings (site: PTI-1). 
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Figure PTI-1-5 Historical Percentile Values of Water Depth (site: PTI-1). 
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Figure PTI-1-6 Historical Percentile Values of Flow Rate (site: PTI-1). 
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Figure PTI-1-7 One-minute Data Points with the Maximum Water Depth and Flow Rate (site: 

PTI-1). 
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Figure PTI-1-8 Water Depths at Different Recurrence Intervals (site: PTI-1). 
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Figure PTI-1-9 Flow Rates at Different Recurrence Intervals (site: PTI-1). 
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Figure PTI-2-1 Daily Peak Water Depths (site: PTI-2). 
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Figure PTI-2-2 Questionable Data Points Excluded from Analysis (site: PRI-2). 
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Figure PTI-2-3 Historical Percentile Values of Water Depth (site: PTI-2). 
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Figure PTI-2-4 One-minute Data Points with the Maximum Water Depth (site: PTI-2). 
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Figure PTI-2-5 Water Depths at Different Recurrence Intervals (site: PTI-2-5). 
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Figure SCE-1-1 Daily Peak Water Depths and Flow Rates (site: SCE-1). 
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Figure SCE-1-2 Correlation between Daily Peak Water Depths and Flow Rates (site: SCE-1). 
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Figure SCE-1-3 Questionable 1-minute Flow Rate and Water Depth Data Points (site: SCE-1). 
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Figure SCE-1-4  Historical Percentile Values of Water Depth (site: SCE-1). 

H-53 



Pima County Regional Wastewater Reclamation Department 
Tucson, Arizona 

Pima County Regional Optimization Master Plan 

Regional Optimization Master Plan 
Final Report 

Appendix H - Flow and Depth Figures  
 

0.00

10.00

20.00

30.00

40.00

50.00

60.00

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0% 80.0% 90.0% 100.0%

Percent Less Than

Fl
ow

 R
at

e 
(m

gd
)

 
Figure SCE-1-5  Historical Percentile Values of Flow Rate (site: SCE-1). 
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Figure SCE1-6  Water Depths at Different Recurrence Intervals (site: SCE-1). 
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Figure SCE-1-7  Flow Rates at Different Recurrence Intervals (site: SCE-1). 
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Figure SCE-2-1  Daily Peak Water Depths (site: SCE-2). 
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Figure SCE-2-2  Questionable 1-minute Data Points (site: SCE-2). 
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Figure SCE-2-3  Historical Percentile Values of Water Depth (site: SCE-2). 
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Figure SCE-2-4  Water Depths at Different Recurrence Intervals (site: SCE-2). 
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Figure SCI-1-1  Daily Peak Water Depths and Flow Rates (site: SCI-1). 
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Figure SCI-1-2  Correlation between Daily Peak Water Depths and Flow Rates (site: SCI-1). 
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Figure SCI-1-3  Historical Percentile Values of Water Depth (site: SCI-1). 
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Figure SCI-1-4  Historical Percentile Values of Flow Rate (site: SCI-1). 

H-59 



Pima County Regional Wastewater Reclamation Department 
Tucson, Arizona 

Pima County Regional Optimization Master Plan 

Regional Optimization Master Plan 
Final Report 

Appendix H - Flow and Depth Figures  
 

0.00

5.00

10.00

15.00

20.00

25.00

30.00

0.1 1.0 10.0 100.0

Recurrence Interval (month)

W
at

er
 D

ep
th

 (i
nc

h)

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

1.00

d/
D

y=13.76+0.70*ln(x)

 
Figure SCI-1-5  Water Depths at Different Recurrence Intervals (site: SCI-1). 
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Figure SCI-1-6  Flow Rates at Different Recurrence Intervals (site: SCI-1). 
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Figure SEI-1-1  Daily Peak Water Depths (site: SEI-1). 
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Figure SEI-1-2  Historical Percentile Values of Water Depth (SEI-1). 
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Figure SEI-1-3  Water Depths at Different Recurrence Intervals (site: SEI-1). 
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Figure SEI-2-1  Daily Water Depths (site: SEI-2). 
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Figure SEI-2-2  One-minute Data with the Maximum Water Depth (site: SEI-2). 
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Figure SEI-2-3  One-minute Data with the Second Maximum Water Depth (site: SEI-2). 
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Figure SEI-2-4  Historical Percentile Values of Water Depths (site: SEI-2). 
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Figure SEI-2-5  Water Depths at Different Recurrence Intervals (site: SEI-2). 
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Figure SEI-3-1  An Example of Questionable 1-minute Data Points (site: SEI-3). 
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Figure SEI-3-2  Daily Peak Water Depths (site: SEI-3). 
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Figure SEI-3-3  Historical Percentile Values of Water Depth (site: SEI-3). 
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Figure SEI-3-4  Water Depths at Different Recurrence Intervals (site: SEI-3). 
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Figure SRC-1-1  Daily Peak Values of Water Depth and Flow Rate (site: SRC-1). 
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Figure SRC-1-2  Correlation between Daily Peak Water Depths and Flow Rates (site: SRC-1). 
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Figure SRC-1-3  An Example Questionable 1-minute Flow Rate Data Points (site: SRC-1). 
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Figure SRC-1-4  Historical Percentile Values of Water Depth (site SRC-1). 
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Figure SRC-1-5  Historical Percentile Values of Flow Rate (site: SRC-1). 
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Figure SRC-1-6  Water Depths at Different Recurrence Intervals (site: SRC-1). 
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Figure SRC-1-7  Flow Rates at Different Recurrence Intervals (site: SRC-1). 
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Figure SRW-1-1 Daily Peak Water Depths and Flow Rates (site: SRW-1). 
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Figure SRW-1-1 Correlation between Daily Peak Water Depths and Flow Rates (site: SRW-1). 
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Figure SRW-1-3 Historical Percentile Values of Water Depth (site: SRW-1). 
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Figure SRW-1-4 Historical Percentile Values of Flow Rates (site: SRW-1). 
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Figure SRW-1-5 Water Depths at Different Recurrence Intervals (site: SRW-1). 
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Figure SRW-1-6 Flow Rates at Different Recurrence Intervals (site: SRW-1). 

H-74 



Pima County Regional Wastewater Reclamation Department 
Tucson, Arizona 

Pima County Regional Optimization Master Plan 

Regional Optimization Master Plan 
Final Report 

Appendix H - Flow and Depth Figures  
 

0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

16.00

18.00

20.00

5/28/05 7/17/05 9/5/05 10/25/05 12/14/05 2/2/06 3/24/06 5/13/06 7/2/06 8/21/06

Date

W
at

er
 D

ep
th

 (i
nc

h0

 
Figure SRWN-1-1 Daily Peak Water Depths (site: SRWN-1). 
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Figure SRWn-1-2 Historical Percentile Values of Water Depth (site: SRWN-1). 
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Figure SRWN-1-3 Water Depths at Different Recurrence Intervals (site: SRWN-1). 
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Figure SRWS-1-1 Daily Peak Water Depths (site: SRWS-1). 
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Figure SRWS-1-2 Historical Percentile Values of Water Depth (site: SRWS-1). 
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Figure SRWS-1-3 Water Depths at Different Recurrence Intervals (site: SRWS-1). 
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Figure SWI-1-1  Daily Peak Water Depths and Flow Rates (site: SWI-1). 
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Figure SWI-1-2  Correlation between Daily Peak Water Depths and Flow Rates (site: SWI-1). 
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Figure SWI-1-3  One-minute Data Points with the Maximum Water Depth and Flow Rate (site:  

SWI-1). 
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Figure SWI-1-4  Historical Percentile Values of Water Depth (site: SWI-1). 
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Figure SWI-1-5  Historical Percentile Values of Flow Rate (site: SWI-1). 
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Figure SWI-1-6  Water Depths at Different Recurrence Intervals (site: SWI-1). 
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Figure SWI-1-7  Flow Rates at Different Recurrence Intervals (site: SWI-1). 
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Figure TUCDIV-1 Daily Peak Water Depths and Flow Rates (site: TUCDIV). 
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Figure TUCDIV-2 Correlation between Water Depths and flow Rates (site: TUCDIV). 

H-83 



Pima County Regional Wastewater Reclamation Department 
Tucson, Arizona 

Pima County Regional Optimization Master Plan 

Regional Optimization Master Plan 
Final Report 

Appendix H - Flow and Depth Figures  
 

0.00

3.00

6.00

9.00

12.00

15.00

18.00

21.00

24.00

27.00

30.00

33.00

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0% 80.0% 90.0% 100.0%

Percent Less Than

W
at

er
 D

ep
th

 (i
nc

h)

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

1.00

d/
D

 
Figure TUCDIV-3 Historical Percentile Values of Water Depth (site: TUCDIV). 
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Figure TUCDIV-4 Historical Percentile Values of Flow Rate (site: TUCDIV). 
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Figure TUCDIV-5 Water Depths at Different Recurrence Intervals (site: TUCDIV). 
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Figure TUCDIV-6 Flow Rates at Different Recurrence Intervals (site: TUCDIV). 
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Conceptual Basis of Design 

Introduction 
The overall recommended master plan includes new wastewater treatment facilities at Roger Road; 
upgrades and expansion at the Ina Road Wastewater Reclamation Facility;  a plant interconnect pipeline; 
expansions and consolidation of non-metro facilities, and augmentation of the existing conveyance 
system for future growth.  Each of these is comprised of a number of elements.   
 
The Pima County Regional Wastewater Reclamation Department (PCRWRD) treats raw wastewater by 
removing undesirable constituents through a series of physical, biological, and chemical liquid stream 
processes.  These processes produce an effluent that can be beneficially reused.  Solids removed from the 
wastewater as sludge are stabilized to produce biosolids that can be beneficially reused. 
 
Effluent quality objectives, discussed in Chapter 2, are established by: 
 
Â AZPDES permits, which regulate surface discharges 
Â State Surface Water Quality Standards and Reclaimed Water Quality Standards 
Â APP, which regulates discharges that ultimately reach the groundwater 
Â Arizona Administrative Code 

 
The existing liquid stream processes include influent conveyance and measurement, preliminary 
treatment, primary treatment, secondary treatment, disinfection, and effluent conveyance.  All wastewater 
facilities employ at least secondary biological treatment to remove conventional pollutants (biochemical 
oxygen demand and total suspended solids), and chlorine disinfection (with dechlorination) for pathogen 
reduction.  The Ina Road WRC has one process train that partially removes nitrogen from the effluent.  
 
Sludge quality objectives are currently established by federal sewage sludge regulations (40 CFR Part 
503), which regulate land application of sludge.  The existing solids stream processes include thickening, 
digestion, and dewatering.  PCRWRD employs single-stage high-rate anaerobic digestion to meet federal 
requirements for Class B biosolids.    
 
There is a potential for more stringent biosolids treatment requirements, but these are not on the 
immediate horizon.  Future sludge quality objectives will be shaped by beneficial reuses.  As new markets 
for biosolids are identified, it is envisioned that the specific demands of these markets could alter the form 
in which biosolids are delivered.  At buildout biosolids could receive further treatment by temperature 
phased digestion, pelletization, CAMBI process or other market-driven processes. 
 
Because the beneficial reuse markets for biosolids are largely unidentified and undeveloped, the primary 
function of master planning in this regard is to reserve sufficient space to accommodate future systems 
and a variety of processes and treatment components. 
 
The conceptual basis of design for the major metro wastewater treatment facilities is described below.   

I-1 



Pima County Regional Wastewater Reclamation Department 
Tucson, Arizona 

 

Pima County Regional Optimization Master Plan 
 

Regional Optimization Master Plan 
Final Report 

Appendix I  –  Conceptural  Basis of  Design 
 
 

Water Reclamation Campus - 32 MGD 
Recommendations for Roger Road are to construct a new 32-mgd wastewater treatment facility using 
Bardenpho technology to meet the stringent standards imposed by the Arizona Department of 
Environmental Quality. The new facility will be located adjacent to the existing operating facility in a 
clear area between the plant and Sweetwater Drive or at a location north and west of the existing plant 
operations.  The existing facilities would be demolished after commissioning the new operation.  The 
facility will be constructed as a 32 mgd wastewater treatment facility with sludge sent to the Ina Road 
WRF for processing.  The basic treatment system components include:   
 
Â Headworks Facilities 

− Influent Pump Station 
− Influent Screening Facilities 
− Influent Grit Removal Facilities 

Â Odor Control Facilities 
Â Aeration Tanks (Bardenpho Process) 
Â Blower Facilities 
Â Secondary Sedimentation Facilities 
Â Disinfection  
Â Sludge Thickening  
Â Sludge Transfer Pump Station 

 
The conceptual basis of design for the new Water Reclamation Campus at Roger Road is attached. 

Ina Road WRF Expansion and Upgrades 
Ina Road WPCF will have onsite facilities upgraded and expanded to meet the regulatory and growth 
needs of Pima County over the next 25-years.  The wastewater treatment process will be based on 
Bardenpho technology to meet the stringent standards imposed by the Arizona Department of 
Environmental Quality.  The plant will handle and treat the solids from both the Roger Road WRF and 
the Ina Road WRF.  In the near-term Pima County wastewater treatment operations will produce a Class 
B biosolids.  These biosolids will be distributed from the Ina Road WRF.  In the future the plant may 
produce a Class A biosolids .which also would be centrally distributed from Ina Road.  Cost and space 
requirements for Class A biosolids is based on the temperature phased anaerobic digestion technology.  
The basic treatment system components include:   
 
Â New Influent Pump  
Â New Influent Grit Removal Facilities 
Â Odor Control 
Â Primary Clarifiers 
Â Aeration Tanks (Bardenpho Process) 
Â Blower Facilities 
Â Secondary Sedimentation Facilities 
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Â Disinfection 
Â Sludge Thickening Facilities 
Â Sludge Digestion Facilities 
Â Sludge Dewatering Facilities 
Â Sludge Transfer Pump Station 

 
The conceptual basis of design for the expanded and upgraded Ina Road WRF is attached. 
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Water Reclamation Campus – 32-mgd 
 

Description and Detail Quantity

Wastewater Quantities 
Gallons Per Capita per Day 
Annual Average Flow, mgd  
Monthly Peak (1.1 x an. avg. flow), mgd 
Daily Peak (1.4 x an. avg. flow), mgd 
Hourly Peak (2.0 x an. avg. flow), mgd 

85
24 
26 
33

 48 
Raw Influent Wastewater Characteristics  

Total Suspended Solids – mg/L 
lbs/day 

Chemical Oxygen Demand - mg/L 
lbs/day 

5-day Biochemical Oxygen Demand - mg/L 
lbs/day 

Soluble 5-day Biochemical Oxygen Demand - mg/L 
lbs/day 

Volatile Suspended Solids - mg/L 
lbs/day 

Total Kjeldahl Nitrogen - mg/L 
lbs/day 

Total Phosphorus - mg/L 
lbs/day 

286
57,000

648
130,000

294
59,000

121
24,000

225
45,000

47
9,400

10
2,000

Influent Screening Facilities 
Bar Screen Type  

Coarse, number of units 
Clear opening, in. 

Fine, number of units 
Clear opening, mm 

Mechanically cleaned
2

2.5
3
3

I-1 
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Water Reclamation Campus – 32-mgd 
 

Description and Detail Quantity
Screenings Removal 

Screenings Removed 
cu ft/MG 
cu ft/day (an. avg.) 

Screenings removal support equipment 
Screen Belt Conveyors 
Screenings Compactor 

 

10
240

Influent Grit Facilities 
Type 

Number of units 
Capacity per unit, mgd 

Vortex
2

24 
Grit Removal 

Grit Removed 
cu ft/MG 
cu ft/day (an. avg.) 

System Performance 

6
144

95% of 65 mesh grit
Odor Control 

At preliminary treatment, wastewater treatment, and 
sludge thickening facilities 

I-2 
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Water Reclamation Campus – 32-mgd 
 

Description and Detail Quantity
Treatment Wastewater Characteristics1

Total Suspended Solids, mg/L 
lbs/day 

Chemical Oxygen Demand, mg/L 
lbs/day 

5-day Biochemical Oxygen Demand, mg/L 
lbs/day 

Soluble 5-day Biochemical Oxygen Demand, mg/L 
lbs/day 

Volatile Suspended Solids, mg/L 
lbs/day 

Total Kjeldahl Nitrogen, mg/L 
lbs/day 

Total Phosphorus, mg/L 
lbs/day 

310
62,000

659
131,800

301
60,200

121
24,200

243
48,600

47
9,400

10
2,000

Aeration Tanks2

Number of tanks 
Volume per tank (new) 
Number of Stages per Tank 
Return sludge, % 
Internal recycle,% 

4
702,000 cu. ft

5
50

400

                                                      
 
1 Includes plant recycle 
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Water Reclamation Campus – 32-mgd 
 

Description and Detail Quantity
Final Clarifiers 

Type 
Number of Tanks 
Clarifier diameter. ft. 
Sidewater Depth, ft. 
Total Surface Area of Tanks, sf 
Surface Loading 

An. Avg., gal/sf/day 
Peak, gal/sf/day 

Final Clarifier Tank Effluent 
Suspended Solids, mg/L 
BOD, mg/L 
NH3-N, mg/L 
TN, mg/L 

Circular
4

150 
12 

53,000 

450
900

 
7
7

< 1
< 8

Disinfection (Chlorine Technology) 
Number of Basins 
Detention Time @ an. avg. flow, min. 
Sodium Hypochlorite Dosage, @ max. capacity, mg/L 
Bisulfite (De-chlorinate), @ max. capacity, mg/L 

4
90 
15 
22 
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Water Reclamation Campus – 32-mgd 
 

Description and Detail Quantity
Sludge Thickening Facilities 
 Waste Activated Sludge to Thickening, Avg. Values 
  Flow, mgd 
  Mass, lbs/day 
  Conc., mg/L 
 Gravity Belt Thickeners 
  Thickener Effective Width, m 
  Design Sludge Flow per Thickener, gpm 
  Number of Existing Units (relocated) 
            Number of new units 
  Number of Thickeners Operating 
  Number of Thickeners Installed 
  Future Provision  
  Capture Efficiency, % 
     Polymer systems, number 

Thickened Sludge Pumped to Ina Road 
Flow, mgd 
Mass, lbs/day 
Conc., % solids 

1.72
100,600

7,000

2
500

1
3
3
4

2 units
90

2
 

0.26
65,600

3
Sludge Transfer Pump Station 

Thickened Waste Activated Sludge to Ina Road 
Number of pumps 
Rate, gpm 
 

2
400
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Ina Road Water Pollution Control Facility (50-mgd) 

Description and Detail Quantity
Wastewater Quantities 

Gallons Per Capita per Day 
Annual Average Flow, mgd  
Monthly Peak (1.1 x an. avg. flow), mgd 
Daily Peak (1.4 x an. avg. flow), mgd 
Hourly Peak (2.0 x an. avg. flow), mgd 

85
50 
55 
70 

100 
Raw Influent Wastewater Characteristics  

Total Suspended Solids, mg/L 
lbs/day 

Chemical Oxygen Demand. mg/L 
lbs/day 

5-day Biochemical Oxygen Demand, mg/L 
lbs/day 

Soluble 5-day Biochemical Oxygen Demand, mg/L 
lbs/day 

Volatile Suspended Solids, mg/L 
lbs/day 

Total Kjeldahl Nitrogen, mg/L 
lbs/day 

Total Phosphorus, mg/L 
lbs/day 

286
120,000

663
278,000

318
133,000

123
52,000

254
107,000

55
23,000

11
4,600

Influent Screening Facilities 
Bar Screen Type  

Coarse, number of existing units 
Clear opening, in. 

Fine, number of existing units       
Clear opening, mm 

Mechanically cleaned
2

2.5
3
3

Screenings Removal 
Screenings Removed 

cu ft/MG 
cu ft/day (an. avg.) 

Screenings removal support equipment 
Screenings Belt Conveyors 
Screenings Compactor 

 

10
500
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Ina Road Water Pollution Control Facility (50-mgd) 

Description and Detail Quantity
Influent Grit Facilities 

Type  
Number of units 

Existing 
New 

           Aerated Grit Channels 

            
           3 
           1 

Grit Removal 
Grit Removed 

cu ft/MG 
cu ft/day (an. avg.) 

System Performance 

6
300

95% of 65 mesh grit
Odor Control1

At primary treatment, wastewater treatment, sludge 
dewatering, sludge thickening, and sludge loading 
station facilities 

Raw Sewage Pumping Station 
        Pumps, type 
        Existing units 
        New 
        Capacity, mgd 

Archimedes screw
3
1

35

                                                      
1 Preliminary treatment odor control exists. 
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Ina Road Water Pollution Control Facility (50-mgd) 

Description and Detail Quantity
Primary Influent Wastewater Characteristics2

Total Suspended Solids – mg/L 
lbs/day 

Chemical Oxygen Demand - mg/L 
lbs/day 

5-day Biochemical Oxygen Demand - mg/L 
lbs/day 

Soluble 5-day Biochemical Oxygen Demand - mg/L 
lbs/day 

Volatile Suspended Solids - mg/L 
lbs/day 

Total Kjeldahl Nitrogen - mg/L 
lbs/day 

Total Phosphorus - mg/L 
lbs/day 

358
149,000

689
287,000

324
135,000

123
51,000

282
118,000

63
26,000

15
6,300

Primary Clarifiers 
Type  

Existing 
New 

Clarifier Length, ft 
Clarifier Width, ft 
Sidewater Depth at influent end, ft 
Total surface area, sf 
Surface Loading @ an. avg. flow, gal/sf/day 

Rectangular
6
2

216 
40 
12 

69,000 
725 

                                                      
2 Includes plant recycle 
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Ina Road Water Pollution Control Facility (50-mgd) 

Description and Detail Quantity
Primary Effluent Wastewater Characteristics  

Total Suspended Solids, mg/L 
lbs/day 

Chemical Oxygen Demand, mg/L 
lbs/day 

5-day Biochemical Oxygen Demand, mg/L 
lbs/day 

Soluble 5-day Biochemical Oxygen Demand, mg/L 
lbs/day 

Volatile Suspended Solids, mg/L 
lbs/day 

Total Kjeldahl Nitrogen, mg/L 
lbs/day 

Total Phosphorus, mg/L 
lbs/day 

146
61,000

456
190,000

229
96,000

126
53,000

123
51,000

61
26,000

14
5,900

Aeration Tanks3

Number of tanks 
Existing (with modified stages) 
New 

Volume per tank  
Number of Stages per Tank 
Return sludge, % 
Internal recycle, % 

2
6

752,000 cu. ft.
5

50
400

                                                      
3 Includes future biological phosphorus removal provisions (based on Bardenpho process) 
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Ina Road Water Pollution Control Facility (50-mgd) 

Description and Detail Quantity
Final Clarifiers 

Type 
Number of Tanks 

Existing (4 @ 115 ft dia., 3 @ 135 ft. dia.) 
New  (2 @ 115 ft. dia., 1 @ 135 ft. dia.) 

Sidewater Depth, ft. 
Total Surface Area of Tanks, sq. ft. 
Surface Loading 

An. Avg., gal/sf/day 
Peak, gal/sf/day 

Final Clarifier Tank Effluent 
Suspended Solids, mg/L 
BOD, mg/L 
NH3-N, mg/L 
TN, mg/L 

Circular
7
3

12 
119,600 

420
840

7
7

< 1
< 8

Disinfection (Chlorine Technology) 
Number of Basins 

Existing 
New 

Detention Time @ an. avg. flow, min. 
Sodium Hypochlorite Dosage, @ max. capacity, mg/L 
Bisulfite (De-chlorinate), @ max. capacity, mg/L 

2
2

90 
15 
22 
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Ina Road Water Pollution Control Facility (50-mgd) 

Description and Detail Quantity
Primary Sludge Thickening Facilities 

Primary Sludge, Avg. 
  Flow, mgd 
  Mass, lbs/day 
  Conc., % 

Gravity Thickeners for Raw Primary Sludge 
 Number of Units 
 Diameter, ft. 
 Sidewater Depth, ft 
 Area per Tank, sf 
 Total Area 
 Active Volume per tank, MG 
 Volume, MG 
 Overflow Rate, gpd/sf 
  Solids Only 
  Solids Only (1 out of service) 
  Solids and Max. Dilution Water 
 Maximum Dilution Water, mgd 
 Detention Time (@ max. dilution water, hr 
 Solids Capture Efficiency, % 
Thickened Primary Sludge, Avg. 

  Flow, mgd 
  Mass, lbs/day 
  Conc., % 

1.14
94,700

1

4
40
10

1,260
5,040
0.094

0.38

225
300
500

1.38
3.6
90

0.23
85,300

4.5
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Ina Road Water Pollution Control Facility (50-mgd) 

Description and Detail Quantity
Waste Activated Sludge Thickening Facilities 

Waste Activated Sludge, Avg. 
  Flow, mgd 
  Mass, lbs/day 
  Conc., mg/L 
 Gravity Belt Thickeners 
  Thickener Effective Width, m 
  Design Sludge Flow per Thickener, gpm 
  Number of Thickeners Operating 
  Number of Thickeners Installed 
  Capture Efficiency 
     Polymer systems, number 

Thickened Waste Activated Sludge  
Flow, mgd 
Mass, lbs/day 
Conc., % solids 

Sludge Digesters, type 
Ina Road Thickened Primary Sludge 

Flow, mgd 
Mass, lbs/day 
Conc., % solids 

Ina Road Thickened Waste Activated Sludge 
Flow, mgd 
Mass, lbs/day 
Conc., % solids 

 

1.35
78,700

7,000

2
500

2
3

90%
2

0.19
70,800

4.5
Mesophilic

0.23
85,300

4.5

0.19
70,800

4.5
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Ina Road Water Pollution Control Facility (50-mgd) 

Description and Detail Quantity
WRC Thickened Waste Activated Sludge 

Flow, mgd 
Mass, lbs/day 
Conc., % solids 

Total Influent Sludge 
Flow, mgd 
Mass, lbs/day 
Conc., % solids 
Percent Volatile Solids 
Volatile Solids, lbs/day 

Total Number of Digesters 
HRT, days 
HRT (one unit out of service), days 
Volatile Solids Loading, lb/d/1,000cf 
Volatile Solids Loading (one unit out of service),  

 lb/d/1,000cf 
Volatile Solids Destruction, % 
Digested Sludge 

Flow, mgd 
Mass, lbs/day 
Conc., % solids 

 Volatile Solids, lbs/day 
Gas Production 
 cf/lb Volatile Solids Destroyed 
 Total cf/day produced 

 

                                                   0.36
90,500

3

0.78
247,100

3.8
76

187,800
10

17.0
15.3
105

117
50

0.78
153,200

2.4
93,900

12
1,100.000

I-8 
J:\Projects\Pima Co WM\05302-ROMP\06 Gen Studies-Rpts\6.1 Report\App I-BOD\INA-BasesOfDesign_BV_Rev 1.doc 



Pima County Regional Wastewater Reclamation Department 
Tucson, Arizona 

 

Pima County Regional Optimization Master Plan 
 

Regional Optimization Master Plan 
Final Report 

Appendix I  –  Conceptural  Basis of  Design 
     

Ina Road Water Pollution Control Facility (50-mgd) 

Description and Detail Quantity
Sludge Centrifuge Thickening/Dewatering Facilities 

Influent Digested Sludge 
Flow, mgd 
Mass, lbs/day 
Conc., % solids 

Centrifuges 
 Operate for Thickening or Dewatering 
 Number of Existing Units 
 Number of New Units 
 Future Provision 

 Flow rate per Unit (24/7 operation), gpm 
       Flow rate per Unit (24/7 operation)  
              one unit out of service, gpm 
 Flow rate per Unit (24/5 operation), gpm 
 Flow rate per Unit (24/5 operation)  
              one unit out of service, gpm 
 Flow rate per Unit (8/5 operation), gpm 
 Flow rate per Unit (8/5 operation)  
              one unit out of service, gpm 
 Capture Efficiency, % 

      Polymer systems, number 
Thickened Sludge 

Flow, mgd 
Mass, lbs/day 
Conc., % solids 

Dewatered Sludge 
Mass, lbs/day 
Conc., % solids 

0.68
153,200

2.4

3
4

1 unit
80

95
110

132
400

495
95

2

0.20
130,600

8

130,600
20
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Ina Road Water Pollution Control Facility (50-mgd) 

Description and Detail Quantity
Thickened or Pre-thickening Sludge Storage 

Digested Sludge (Unthickened) 
Flow, mgd  
Mass, lbs/day 
Conc., % solids 

Thickened Sludge 
Flow, mgd 
Mass, lbs/day 
Conc., % solids 

Storage Capacity, MG 
Detention Time for Unthickened Digested Sludge, days 
Detention Time for Thickened Digested Sludge, days 

0.78
153,200

2.4

0.20
130,600

8
2.5
3.2

12.5
Sludge Loading Station 

Sludge pump, gpm 
Units 

300
2
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Pima County Wastewater Management Department 
201 North Stone Avenue, 8th Floor 
Tucson, Arizona 85701 

April 2007 



 

1 

 

 

 

 

April 23, 2007 

 

To All Interested Parties: 

The mission of the Pima County Wastewater Management Department (PCWMD) is to protect 
public health and safety by providing world-class service and sound environmental stewardship 
through the efficient conveyance, treatment and reclamation of wastewater.  To achieve that 
mission PCWMD recognizes the value of engaging the “market” to explore alternative, optimal 
solutions and delivery methods as a means of implementing portions of the County’s Capital 
Improvement Program.  The County further recognizes that it is through collaboration with those 
entities that can make available to PCWMD “world class” innovative solutions that may result in 
the real cost and timesavings while implementing the Capital Improvement Program.  
Accordingly, in advance of those responding to this request for expressions of interest (RFEI), 
PCWMD expresses a debt of gratitude for those providing information that will help the County 
implement its mission. 
 
For those responding to the RFEI, the County’s hope is that certain knowledge may accrue to the 
County that will provide long-term benefits and value to the customers and citizens of Pima 
County.  By responding to the RFEI, your effect will be contributing to that goal.  In addition, 
your contribution may also lead to a better understanding of how public-private partnership can 
be used to meet long-term community benefits. 
 
Pima County (County) is issuing this request for expressions of interest (RFEI) to solicit 
information from interested parties concerning the implementation of a proposed capital 
improvement program (Program) for its wastewater treatment system (System).  Based on an 
extensive study of the System conducted over the past year by the Pima County Wastewater 
Management Department (Department) and a team of consultants led by Greeley and Hansen, 
the proposed Program has been developed.  The County intends to expeditiously implement 
major portions of the Program.  The scale of the program is substantial, with budget estimates 
ranging in excess of $500 million (basis 2006 dollars) over a multi-year period, depending upon 
financing availability and other factors. 

The Program has been developed in close conjunction with internal and external stakeholders 
including the City of Tucson (City), which has independent responsibility for potable water 
production, treatment and distribution in the metropolitan region.  The City has rights with 
respect to a large portion of the effluent produced by the County’s wastewater system.  A portion 
of the System effluent is currently further treated by the City and used for water reclamation 
purposes.  The City has assisted in the preparation of this RFEI and may use relevant information 
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developed under this RFEI for its own water system capital improvement program planning 
purposes. 

Through the issuance of this RFEI, the County is seeking input from respondents as to their 
potential interest in participating in the implementation of the Program and as to the project 
delivery method that they would recommend the County to employ.  Input concerning the scope, 
extent, nature and schedule for the Program is also being sought. 

The County expects that, through the issuance of this RFEI and the associated exchanges of 
information between the County and potentially interested firms, prior to the commencement of 
any formal procurement process, it will be able to obtain useful information regarding private 
sector participation in the Program in an organized and systematic fashion.  The County also 
intends to utilize the RFEI process to familiarize the market with the contracting opportunities, 
which are expected to emerge from the Program, and to invite comment as to the private sector’s 
requirements and preferences regarding potential participation in the Program.  As a result, the 
structuring of the planned project procurements should be improved through greater 
understanding of the objectives and requirements of the companies participating in the market 
for these services. 

Arizona law, in addition to traditional design-bid-build contracting, authorizes the County to 
utilize several alternative project delivery methods for carrying out the Program.  These include 
design-build contracting and several variants, such as design-build-operate, design-build-finance-
operate, and design-build-finance-own-operate.  Construction-manager-at-risk contracts are also 
permitted.  Each alternative method must commence with a request-for-qualifications process.  
RFEI responses will help the County gauge the level of market interest in particular delivery 
methods and determine the extent to which the Program will be implemented on a traditional or 
alternative basis. 

The County is also aware of the heightened interest of financial firms in providing private 
financing for public infrastructure.  Given the extent of the capital needs of the Program, as well 
as the projected $2 billion cost of the County’s capital improvement program outside the 
wastewater sector, this RFEI is also intended to invite input from financial institutions as to 
potential private project financing approaches that the County may wish to consider in today’s 
marketplace. 

The County, accordingly, invites participation in this RFEI process by all private sector firms 
that may wish to participate in any aspect of the Program, whether for any or all of the particular 
projects under consideration.  Such firms are expected to include companies with expertise in the 
design, construction, operation, maintenance, repair, management, and financing of wastewater 
and power infrastructure facilities, as well as biosolids residuals management services. 

This RFEI does not constitute the formal commencement of any procurement process under 
applicable State law.  Participation by interested firms is strictly voluntary, and any information 
obtained by the County may be freely used in any manner the County deems appropriate.  An 
election not to respond to this RFEI will not disqualify or disadvantage any firm in the 
procurement process for any planned project once the County formally commences the process. 
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A pre-submittal meeting will be held on May 23 2007, between 9:30 AM and 12:00 PM at the 
following location: 

Joel D. Valdez Main Library 
Basement Meeting Room 

  101 North Stone Street 
  Tucson, Arizona 

If requested, tours of Roger Road and Ina Road Facilities will be conducted between 1:00 PM 
and 5:00 PM on May 22 2007.  Please advise via e-mail to ROMPEOI@wwm.pima.gov with 
number of visitors by May 18 2007. 

Attendance at the pre-submittal meeting is encouraged but not a requirement for making a 
submittal in response to this RFEI. 

This RFEI does not obligate the County in any manner with respect to the Program.  
Respondents shall bear all costs relating to their participation in the RFEI process, without any 
reimbursement by the County. 

The County requests that responses to the RFEI be submitted by no later than 5:00 PM Arizona 
time on June 22, 2007. 

We look forward to your participation and thank you for your interest. 

Sincerely, 
 
 
 
Michael Gritzuk 
Director 
Pima County Wastewater 
Management Department 

Enclosure: Request for Expressions of Interest 
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Section 1    Introduction 

1.1 Overview 
The Wastewater Management Department (Department) of Pima County, Arizona (County) is nearing 
completion of its Regional Optimization Management Plan (ROMP).  The ROMP is the culmination of a 
year-long intensive study of the capital improvements required to be made to the County’s wastewater 
treatment system (System) through 2030.  The County expects to commence procurement of major 
elements of the ROMP later this year.  These elements consist of facility replacements, expansions and 
upgrades that must be built to meet expected capacity and effluent quality requirements, including 
reductions of ammonia and nitrogen concentrations discharged into the Santa Cruz River.  Cost projections 
for planned near term capital improvements exceed $500 million.  Priority capital improvement projects 
(Projects) included in the ROMP consist of: 
 
Â New 24 Million Gallons per Day (mgd) Wastewater Treatment Plant.  At the Roger Road site, a 

new facility will replace the existing Roger Road wastewater treatment facility (Roger Road 
WWTP). 

Â Major Upgrade/Expansion of the Ina Road Water Pollution Control Facility. The upgrade will 
include nitrogen (ammonia) removal and the expansion will increase the plant’s capacity from 
37.5 mgd to 50 mgd (Ina Road WPCF). 

Â Power Generation Facilities.  At the Ina Road WPCF, retrofitted or new facilities will recover 
digester gas (methane) to generate power and heat for plant utilization (Power Facilities). 

Â Biosolids Services. Treatment, production and disposal facilities or services will be developed and 
implemented at the Ina Road WPCF (Biosolids Services). 

Â Outlying (Smaller) Treatment Facilities.  Several small wastewater treatment facilities are owned 
and operated by the County which will require expansion to accommodate rapid population 
growth near those facilities. 

 
The ROMP also includes a major transmission pipeline for the two-way conveyance of untreated 
wastewater between the existing Roger Road WWTP/proposed new Roger Road WRF and the Ina Road 
WPCF (Plant Interconnect Transmission Pipeline).  Procurement of the Transmission Pipeline has 
commenced on a construction-manger-at-risk basis. 
 
The ROMP concludes that there are several benefits that may accrue to Pima County through the 
exploration of creative public-private partnerships.  For those initial areas under consideration, these 
benefits may include: 
 
Â Private Financing and Innovative Public Financing Options for ROMP Capital Improvements.  

If private financing proves feasible, a key benefit to the County would be a reduction in the 
amount of debt needed to be raised by the County. 
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Â Green Power Generation from Department Facilities.  Benefits from “green” power generation 
include a reduction in long-term operation and maintenance costs for power, as well as the 
potential to generate revenue for the County. 

 
Â Innovative Biosolids Disposal.  Has the potential to avoid the County’s reliance on a single or 

limited number of providers for biosolids disposal.  In addition, it could provide an offset for long-
term operation and maintenance costs, as well as create confidence in a sustainable long-term 
biosolids disposal program. 

 
Â Methods for CIP Project Delivery.  Offers the County the potential to achieve greater efficiency 

in the implementation of capital projects through alternative project delivery methods that may 
provide cost savings over the traditional method of project implementation. The County is in the 
process of investigating alternative project delivery methods to the traditional bid-build method 
and is interested in receiving information from interested parties, including the private sector, 
which will help in determining the appropriate project implementation approach for each Project.  
Upon the completion of this review, the County will decide whether to proceed with an alternative 
project delivery method, or methods, for the implementation of the Projects or proceed using the 
traditional bid-build approach.  Regardless of the method or methods chosen, it is anticipated that 
procurement of some of the Projects will commence in late 2007. 

 
With respect to financing options for the Projects, the County is exploring all public and private 
innovative options that are available to the County.  Questions relating to various private financing 
options are set forth below in Section 5.6. 

1.2 RFEI Objectives 
Through the issuance of this RFEI, the County is soliciting information from respondents on 
possible project delivery methods and related matters for the development of the Projects.  The 
information requested in response to this RFEI is strictly voluntary on behalf of the respondent and may 
be used by the County in selecting project delivery methods and structuring the procurements.  The 
following project delivery methods are permissible in Arizona, and are being considered as potentially 
viable procurement approaches to the implementation of the Projects: 
 
Â Traditional Design-Bid-Build; 
Â Design-Build; 
Â Design-Build-Finance (Turn-Key); 
Â Design-Build-Operate; 
Â Design-Build-Finance-Operate; 
Â Design-Build-Finance-Own-Operate; and 
Â Construction Manager at Risk. 

 
The information provided in response to this RFEI will be used as part of the overall evaluation process 
for selecting the ultimate delivery method or methods.  The County seeks particularly to receive 
information from parties that have had actual experience using one or more of the implementation 
approaches being contemplated, and that are potentially interested in submitting a proposal for a 
particular Project.  Several firms have already made general inquiries of the County concerning contract 
opportunities that might arise from the ROMP.  The County is issuing this RFEI in part to provide a 
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structured means by which to receive private sector comment in order to inform its public policy 
decisions, and to gauge the interest of qualified firms to enter into contracts using alternative project 
delivery methods. 
 
It is requested that responses to this RFEI be in compliance with the schedule and requirements set forth 
in this RFEI.  The County may elect to: 
 
Â Supplement, amend, otherwise modify or cancel this RFEI 
Â Postpone or change the date for receipt of responses to the RFEI 
Â Cancel or modify the Projects at any time 

 
This RFEI is issued by the County solely for the purpose of gathering information regarding interested 
parties’ perspectives on project delivery methods, private project financing, and related matters 
concerning Projects.  The purpose of this RFEI is to simply solicit information and expressions of interest 
for the County’s information and use and does not constitute a solicitation or procurement document for 
the development of the Projects, nor will it be a factor in determining to whom the Projects are awarded.  
A response to the RFEI is not mandatory for future participation in any procurement process.  Failure to 
submit a response to this document will not disqualify any firm from submitting a response to any formal 
procurement process for the Projects.  The submittals received may be made available to the public if 
requested.  No response can be kept confidential. 

1.3 Pima County Wastewater System 
The Pima County wastewater system consists of two major wastewater treatment plants, a water 
reclamation plant, and eight outlying wastewater treatment facilities.  The associated conveyance systems 
operate by gravity with some pump stations and force mains.  The existing System components and 
recommendations for future improvements and modifications are discussed in greater detail below in 
Sections 2 and 3. 

1.4 Regional Optimization Master Plan (ROMP) Study 
The purpose of the ROMP has been twofold.  The first purpose was to determine an optimal strategy for: 
 
Â Select treatment process to comply with regulatory agency effluent quality requirements; 
Â Addressing long-term flow/capacity management; 
Â Treating additional wastewater loading within current/future service basins; 
Â Evaluating existing facility rehabilitation needs; 
Â Optimizing solids handling; and 
Â Integrating reclaimed water program needs. 

 
The second purpose was to develop a coordinated capital improvement design and construction program, 
including, at a minimum, cost estimates, schedules and a recommended project delivery and funding 
strategy for implementation of all resulting projects and integration with the Program.  The current 
estimated cost of the ROMP Program is $536 million in 2006 dollars. 
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The ROMP identifies the optimal strategy for the treatment of current and projected wastewater flows to 
the existing Roger Road WWTP/new Roger Road WRF and the Ina Road WPCF, including the reduction 
of the amounts of ammonia and nitrogen concentrations discharged into the Santa Cruz River to comply 
with current and future environmental regulatory requirements.  In addition, the County seeks to optimize 
biosolids treatment and disposal, and consider and evaluate updating the level of biosolids treatment to 
produce Class A biosolids. 
 
The optimal strategy for long-term flow/capacity management, treatment of additional loading of metro 
basin wastewater, existing facility rehabilitation, optimized solids handling and optimal methods to 
provide reclaimed water are identified in the ROMP strategy. In addition a coordinated capital 
improvement design and construction program, including construction cost estimates, schedules and a 
recommended project delivery and funding strategy for implementation of all resulting projects is 
developed.  Various hydraulic and process modeling were used in the evaluation of alternatives and 
development of the final recommendations. 
 
The goal of the master plan is to serve as a broad road map. The plan is based on current and potential 
future regulatory and Department customer requirements.  This master plan forecast needs for wastewater 
treatment capacity throughout the Department service area and the facilities required to meet those needs 
through the year 2030.  The master plan builds upon several planning and engineering efforts previously 
performed for and by the Department.  The plan identifies how and when wastewater treatment facilities 
are upgraded and expanded, as well as how existing facilities are integrated into future expansions or 
decommissions through the year 2030. 
 
The plan recommends necessary wastewater treatment components and systems, phasing schedules and 
cost apportionments for future implementation of Department wastewater facilities. 

1.5 ROMP Capital Improvement Plan 
The ROMP identifies specific needs throughout the System, and operations that are necessary to meet its 
current and future regulatory obligations and comply with good practices for fully functional and efficient 
operations capable of 24-hour 7-day per week service.  The areas of need will require new or rehabilitated 
facilities in the near future.  These facilities are: 
 
Â New 24-mgd Roger Road WRF.  At the Roger Road site a brand new facility will be constructed 

along side of the existing wastewater treatment operations.  The new facilities will have the 
operating capacity to treat 24 million gallons of wastewater per day (additional capacity of 8 mgd 
may be added to the new facilities in the future).  The facility will be designed around the 
Bardenpho process with the treatment capacity to achieve an ammonia limit of less than 2 mg/L.  
The existing Roger Road WWTP will be decommissioned and demolished to make room for 
economic development at that site. 

 
Â Major Upgrade of the Ina Road WPCF.  The existing wastewater treatment facilities at Ina Road 

consist of two treatment process trains designed to meet different effluent criteria. The future 
treatment process will integrate the two existing wastewater processes to provide a system to 
remove high levels of nitrogen with the Bardenpho process.  In addition the combined capacity of 
the existing systems will be expanded from a capacity of 37.5 mgd to 50 mgd. 
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Â Power Generation Facilities.  There is an existing power generation facility at the Ina Road 
WPCF that generates power and heat for internal use at the plant.   In the future biosolids from the 
existing Roger Road WWTP will be transferred to the centralized solids processing center at Ina 
Road WPCF which will increase the amount of biogas available for power and heat production.  
The biosolids will be anaerobically digested and the gas made available for power and heat 
generation.  The existing power generation facilities are scheduled to be upgraded or replaced with 
modern, efficient systems with the capacity to utilize the entire biogas production.  Currently, the 
plant supplements the biogas production with purchased natural gas to achieve its power 
production goals. 

 
Â Biosolids Services.  The current biosolids practice is to generate Class B biosolids and to contract 

out the disposal for land application.  Biosolids at the two major treatment plants are treated on 
site with mesophilic digesters.  Digested biosolids at Roger Road are pumped to Ina Road for 
thickening with the Ina Road digested biosolids.  The combined thickened biosolids are 
discharged to a storage facility prior to loading tanker trucks for land application.  In the future 
digestion will be discontinued at Roger Road and all solids will be digested at Ina Road.  The 
County is seeking alternative treatment and/or disposal options to broaden its flexibility to meet 
the changing regulatory and marketing demands and its reliability on a single source of disposal. 

 
Â Outlying (Smaller) Treatment Facilities.  Several small wastewater treatment facilities are owned 

and operated by the County which will require expansion to accommodate rapid population 
growth near those facilities.  The County currently operates nine outlying wastewater treatment 
facilities.  Seven of the nine facilities are located in areas of rapid population growth.  The future 
plan is to expand four of these facilities and combine three with the other existing facilities 
through interconnecting gravity sewers.  The remaining two facilities will remain at their current 
size because of buildout or growth restrictions in the service areas.  The four plant expansions will 
increase capacities from less than one million gallons per day to approximately 4 to 6 million 
gallons per day.  One facility is expected to increase to over 10 mgd in the 25-year planning 
period. 

1.6 County Retained Responsibilities 
In general, under any procurement approach to the Projects, the County will retain responsibility for 
policy, planning, regulatory enforcement, permitting, capital improvements, setting rates, billing and 
collection, and overall administrative and financial management of the utility enterprise funds.  
Ownership, financing and operational responsibility shall also remain with the County with respect to the 
entire System, except to the extent that the County considers using the design-build-finance, design-build-
operate, design-build-finance-operate, or design-build-finance-own-operate procurement models to 
implement particular Projects. 

1.7 Timetable 
Following issuance of this RFEI, respondents may submit written questions to the County to assist them 
in preparing their responses.  The deadline for receipt of questions concerning this RFEI is June 13, 2007.  
The County may, but is not be obligated to, respond to such questions.  All responses to these questions 
and requests for additional information which the County determines to warrant a response will be 
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addressed at the Pre-Submittal Meeting, if respondent’s questions are received prior to such meeting, or 
issued in the form of addenda to this RFEI. 
 
The County will hold a meeting (Pre-Submittal Meeting) to present the Projects and the goals and 
objectives of this RFEI to potential respondents and to provide them with the opportunity to ask pertinent 
questions.  The Pre-Submittal Meeting will take place at 9:30 AM on May 23, 2007 at Joel D. Valdez 
Main Library, 101 North Stone Street, Tucson, Arizona 85701. 
 
For planning purposes, the County requests that each potential respondent planning to attend the Pre-
Submittal Meeting notify the County by e-mail to ROMPEOI@wwm.pima.gov by May 18 2007 of the 
total number of individuals representing such potential respondent that will be in attendance at the Pre-
Submittal Meeting. 
 
The County requests that responses be submitted no later than 5:00 PM Arizona time on June 22, 2007 
(RFEI Response Due Date).  Responses should be reasonably succinct.  The County further requests that 
responses include a letter of transmittal that identifies the name, address, title, telephone number, and 
email address of the contact person who will serve as the interface between the County and the 
respondent. 
 
One original and ten (10) hard copies as well as one electronic copy of respondent’s response should be 
submitted on or before the RFEI Response Due Date to: 
 

Mr. Michael Gritzuk, Director, 
Pima County Wastewater Management Department 
201 N. Stone Avenue, 8th Floor,  
Tucson, AZ 85701 

1.8 Communications 
Inquiries, questions and correspondence relating to this RFEI should be submitted by e-mail to 
ROMPEOI@wwm.pima.gov . 

1.9 Costs 
The costs and expenses associated with the preparation of a response, attendance at the Pre-Submittal 
Meeting, and preparation of all other information required pursuant to this RFEI will be borne by the 
respondent.  In no event will a respondent have a claim against the County, its staff, or its consultants or 
agents for reimbursement of any such costs or expenses. 

1.10 Respondents 
The County is seeking responses from private firms, or teams of private firms, with expertise in 
developing, designing, building, operating and maintaining, managing, or financing wastewater treatment 
facilities and systems, or any combination of the foregoing. 
 
Particularly, the County is interested in receiving useful input from private firms who may be planning to 
participate in any or all of the particular Projects that are being considered under the following viable 

mailto:ROMPEOI@wwm.pima.gov
mailto:ROMPEOI@wwm.pima.gov
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procurement approaches:  traditional bid-build; design-build; design-build-finance (turn-key); design-
build-operate; design-build-finance-operate; design-build-finance-own-operate; or construction-manager-
at-risk. 
 
Stakeholders not in the private sector are also invited to make submittals as to matters addressed in this 
RFEI if such stakeholders have information they believe the County should consider in making its ROMP 
implementation decisions. 

1.11 County Website 
Additional documents and information may be available for use by the Respondent.  Additional information, 
if and when available, will be posted on the Internet at http://www.pima.gov/procure/ifbrfp-dc.htm.  
Respondents are advised that the documents posted on the website will have been prepared in the course of 
the County’s development of the Projects, as well as other County projects. 

1.12 County Team 
The information received in response to this RFEI will be reviewed and analyzed by representatives of the 
Pima County Wastewater Management Department, the Pima County Attorney’s Office, the Pima County 
Finance and Risk Management Department, the City of Tucson, Greeley and Hansen (consulting 
engineers), Hawkins Delafield & Wood LLP (special counsel), and Raftelis Financial Consultants 
(financial advisors). 
 
 

http://www.pima.gov/procure/ifbrfp-dc.htm
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Section 2    Facilities, Operations and Budget 

2.1 Description of the Department and Its Responsibilities 
Department operations are authorized by state legislative authority (Arizona Revised Statutes, Title 11, 
Chapter 2, Article 4).  The Department’s primary responsibilities are to effectively manage, operate, and 
maintain a regional public sanitary sewer system serving the residents of the County.  Currently, the 
Department provides service to customers in several unincorporated areas of eastern Pima County, the 
Cities of Tucson and South Tucson, the Towns of Oro Valley and Marana, a portion of the Town of 
Sahuarita, and a portion of Pinal County.   The Department is governed by the Pima County Board of 
supervisors (Board) and the Pima County Wastewater Management Advisory Committee (WMAC).  The 
WMAC was established by the Board in 1986 to ensure adequate public oversight of all Department 
activities. 
 
The Department is operated as an enterprise fund and is not dependent on property or sales taxes levied 
by the County. The Department is authorized to assess and collect fees and charges to recover its costs of 
operation and, through voter approval, can issue revenue bonds for the rehabilitation, construction, 
acquisition, and improvement of the sanitary sewer system. 

2.2 Existing Facilities  
The existing wastewater treatment facilities owned and operated by the County include two major 
treatment works and nine smaller facilities. 

2.2.1 Roger Road Wastewater Treatment Plant 
The existing Roger Road WWTP is the older of the two major treatment facilities.  The plant is the result 
of several past expansions, and currently has a permitted capacity of 41 million gallons per day.  The 
facility is located at 2600 W. Sweetwater Drive, Tucson, Arizona 85705, just north of Prince Road 
between Interstate 10 and the Santa Cruz River.  The existing Roger Road WWTP was first operated in 
1951 as a 12-mgd activated sludge facility and was expanded with a separate 13-mgd trickling filter plant 
in 1960.  A 13-mgd activated sludge/contract stabilization facility was added in 1967.  In 1979, the 
facility was consolidated into a single facility with the major biological treatment process consisting of 
two, 165-foot diameter by 26-foot deep, plastic media, biofilters with return activated sludge capability.  
Digested biosolids are conveyed via force main to the Ina Road WPCF, combined with digested biosolids 
from the Ina Road WPCF, and thickened and applied to agricultural land as a soil amendment.  Methane 
produced at the facility is used to generate electrical power and power on-site equipment. 
 
As flow and influent loadings have increased at the facility, the activated sludge tanks have been placed 
into continuous service.  The facility is currently required to meet secondary treatment limits.  It is 
anticipated that process modification or changes will be required to lower nitrogen discharge levels from 
this facility.  Rehabilitation is needed to repair corroded process units, replace equipment that is beyond 
its service life, address odor control issues, and upgrade the facility to be compliant with current 
environmental regulatory code requirements. 
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Investigations and evaluations performed under the ROMP concluded that the existing Roger Road 
WWTP is aging and is difficult to retrofit with new facilities that are capable of meeting future effluent 
goals, while meeting environmental requirements and odor control. The Roger Road site has available 
space sufficient to accommodate all new treatment facilities on the existing plant site. Therefore, the 
ROMP concludes that a new treatment plant on the available space referred to as a Roger Road Water 
Reclamation Facility (WRF) option is the preferred alternative to the modification/expansion of the 
existing plant for Roger Road WWTP. 

2.2.2 Ina Road Water Pollution Control Facility 
The existing Ina Road WPCF was designed in 1973 and constructed from 1975 to 1977.  The facility is 
located at 7101 N. Casa Grande Highway, Tucson, Arizona 85743, just south of Ina Road, between 
Interstate 10 and the Santa Cruz River.  The facility was designed to produce a treated effluent meeting 
existing regulatory secondary treatment quality requirements.  The existing Ina Road WPCF uses a 25-mgd 
high-purity oxygen activated sludge process, a sludge digestion and centrifuge thickening/dewatering 
facility for solids-handling (to meet Class B agricultural land application disposal criteria), and a complete 
energy-recovery system for heating, cooling and on-site generation of electrical power for plant operation 
from methane generated as part of the treatment process.  Modifications to the original design to enhance 
equipment performance and reliability were completed in 1990.  Average winter influent flow (peak season) 
is currently 23.8 mgd. 
 
The headworks serving this facility, along with appropriate odor control facilities, were recently 
expanded.  A Biological Nutrient Removal Activated Sludge (BNRAS) treatment works with average 
daily flow of 12.5 mgd has recently been constructed and placed into service.  Effluent from the existing 
25-mgd treatment process and the new 12.5-mgd BNRAS treatment process is combined prior to 
dechlorination and discharge into the Santa Cruz River. 
 
Process modifications will also be required at this facility to lower nitrogen discharge levels.  
Rehabilitation is needed to repair existing corroded facilities, replace equipment that is beyond its service 
life, and upgrade the facility to be compliant with current environmental regulatory code requirements.  
Any modifications will need to consider back-up power provisions and existing/expanded need of 
laboratory facilities. 
 
Investigations and evaluations performed under the ROMP concluded that most of the existing treatment 
facilities at the Ina Road WPCF are both viable and functional for conversion to meet the effluent goals, 
while meeting environmental requirements and odor control through the planning period.  Additional 
facilities will need to be constructed to treat projected additional flows and loads.  

2.2.3 Other Existing Facilities and Practices  
Other existing facilities owned and operated by the County include: 
 
Â Randolph Park Water Reclamation Facility; 
Â Arivaca Junction Wastewater Treatment Facility; 
Â Avra Valley Wastewater Treatment Facility; 
Â Corona de Tucson Wastewater Treatment Facility; 
Â Green Valley Wastewater Treatment Facility; 
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Â Marana Wastewater Treatment Facility; 
Â Mt. Lemmon Wastewater Treatment Facility; 
Â Pima County Fairgrounds Wastewater Treatment Facility; and 
Â Rillito Vista Wastewater Treatment Facility. 

 
The Randolph Park Water Reclamation Facility (WRF) is a 3-mgd Membrane Bioreactor facility capable 
of producing Class A+ reuse water for discharge into the Tucson Water Reclaimed Water System.   There 
are no plans under the ROMP to modify the Randolph Park WRF. 
 
Additional details on the eight (8) other existing facilities owned and operated by the County are set forth 
below in Section 3.5 of this document. 

2.3 Recent Improvements and Optimization Efforts  
Over the course of time, facilities and equipment at wastewater treatment plants reach the end of their 
useful life, become obsolete or need to be replaced or upgraded, or both, to meet more stringent 
regulatory requirements. 
 
Recently completed significant improvements and optimization efforts for the existing Roger Road 
WWTP and the Ina Road WPCF include the following: 
 
Â Roger Road WWTP 

− Headworks – new screenings washing and compaction equipment; 
− Headworks – new grit washing and separation equipment; and 
− Sludge Handling Facilities – new gravity belt thickener (GBT) for thickening waste 

activated sludge (WAS). 
 
Â Ina Road WPCF 

− Secondary Treatment Process – Construction and startup of the new 12.5-mgd BNRAS 
plant. 

 
Improvement and optimization efforts which are currently in progress or planned for the existing Roger 
Road WWTP and the Ina Road WPCF include the following: 
 
Â Roger Road WWTP  

− Sludge Thickening Facilities – Improvements to existing odor control scrubber to 
improve performance; 

− Plant Headworks – Addition of enclosure and odor control facilities to reduce off site 
odor emissions; 

− Primary Clarifiers – Addition of covers over the effluent troughs to collect air for odor 
control; 

− Bio Towers – Reversal of air flow, collection of air and addition of odor control facilities 
to reduce off site odor emissions; and 

− Electrical Power Distribution – improvements and replacements to increase reliability of 
electrical power supply and distribution. 
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Â Ina Road WPCF 
− Existing Odor Control Scrubbers - Improvements to existing odor control scrubbers to 

improve performance. 

2.4 Interface with City of Tucson Water Department  
The City of Tucson operates the majority of the reclaimed water distribution system in the region. 
Construction of the interconnect pipeline between Roger Road WWTF and the Ina Road WPCF will 
impact available water to the existing Tucson Water Reclaimed system for existing and future customers. 
 
Tucson Water will, therefore, need additional capture and treatment facilities at the Ina Road WPCF.  
Those facilities (the Tucson Regional Reclamation Facility – TRRF) will be constructed on 10-acres +/- 
at the Ina Road WPCF provided for in an existing inter-governmental agreement. 
 
The TRRF will initially be designed for a capacity of 20 mgd, expandable to 40 mgd, with allowance for 
additional, advanced water treatment. Construction is planned to coincide with the Ina Road WPCF expansion. 

2.5 Economic and Financial Matters 

2.5.1 Rates and Charges 
The Department provides wastewater collection, treatment, and disposal services for residential, 
commercial, and industrial customers.  All customers are assessed a monthly service fee of $5.72 and a 
monthly user fee of $1.33 per one hundred cubic feet based on metered water consumption. Certain 
customers that contribute wastewater to the County’s system that is above residential strength are 
surcharged for the additional cost of treatment.  New residential customers are assessed an average 
connection fee of $4,700 to recover the cost of capacity available in the County’s system. 

2.5.2 Financial Summary  
The Department’s primary sources of revenue are from user fees and connection charges, which represent 
approximately 96% of annual cash receipts.  As of March 2006, the Department’s forecast of revenues for 
fiscal year (FY) 2007, excluding capital contributions, is approximately $100.4 million.  The 
Department’s forecast of operating expenditures for FY 2007 is approximately $70.0 million.  Non-
operating expenditures, which include departmental capital outlays, revenue financed capital and debt 
service, are projected to be approximately $30.4 million. 
 
Based on the County’s FY 2006 Comprehensive Annual Financial Report, the Department has total assets 
of $657.9 million.  Total current assets are $68.7 million and include $42.3 million in unrestricted cash 
and cash equivalents.  Total liabilities are $152.2 million; and total net assets, which primarily include 
funds invested in capital assets net of related debt, are $505.7 million.   
 
The Department’s long-term debt obligations include principal and interest payments on a number of 
revenue bond issues and a loan from the Water Infrastructure Finance Authority of Arizona. The 
Department’s percentage of long-term debt to total assets of 19.1% and ratio of long-term debt to equity 
of 0.25 are both favorable compared to similar utilities.  Moody’s Investor Service assigned an underlying 
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rating of A1 to the Department’s Series 2007 Revenue Bonds, while Standard & Poor’s assigned an 
underlying rating of A+. Both ratings represent above average creditworthiness relative to other 
municipal or tax-exempt issuers. 

2.5.3 Financial Planning Considerations 
All of the Department’s capital costs, including ROMP project costs, are presently being evaluated in a 
15-year Capital Improvements Plan (CIP) currently under preparation by the Department. Funding 
sources were identified as part of a Baseline Financing Plan that used traditional public financing vehicles 
including revenue bonds, connection charges, and revenue financed capital.  A projection of operating 
and maintenance costs was also developed that considered the effects of inflation, increased operating 
costs, increased demand, and the operational impact of the Department’s CIP.   Total revenue 
requirements, both operating and capital, were projected over the forecast period to assess the potential 
impacts on user rates and charges.  The forecast of revenue requirements also considered the 
Department’s liquidity objectives and debt service coverage requirements. 

2.6 Effluent Quality Requirements 
Current Arizona Pollutant Discharge Elimination System (AZPDES) permit requirements for the existing 
Roger Road WWTP and the Ina Road WPCF are summarized in the following table: 
 

Table 2-1 
Current Permit Requirements 

Parameter Roger Road WWTP 
Monthly Average Limit 

Ina Road WPCF 
Monthly Average Limit 

Effluent Flow, mgd 41 37.5 
BOD (5 day), mg/L 30 30 
Total Suspended Solids, mg/L 30 30 
Total Nitrogen, mg/L No Permit Requirement No Permit Requirement 

Parameter Roger Road WWTP –  
Monthly Average Limit 

Ina Road WPCF –  
Monthly Average Limit 

Ammonia, mg/L No Permit Requirement No Permit Requirement 
Total Phosphorous, mg/L No Permit Requirement No Permit Requirement 
Fecal Coliform Bacteria 200 cfu/100ml 200 cfu/100ml 
e-coli Bacteria 126 cfu/100ml 126 cfu/100ml 
Settleable Solids, mg/L 1 No Permit Requirement 
pH >6.5,<9.0 >6.5,<9.0 
Total Residual Chlorine 0.011 mg/L 0.011 mg/L 
Copper (as CU) No Permit Requirement 38 mg/L 
 
Projections of wastewater flows and characteristics for the year 2030 were made during development of 
the ROMP and are summarized as follows: 
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Table 2-2 
Year 2030 Wastewater Influent Flows and Characteristics 

Parameter 
Roger Road WWTP Raw 

Wastewater Influent  
(with in-plant recycles) 

Characteristics 

Ina Road WPCF Raw 
Wastewater Influent 

(with in-plant recycles) 
Characteristics 

Flow, mgd 33.2 52.6 
COD, mg/L 659 689 
BOD (5 day), mg/L 301 324 
sBOD (soluble), mg/L 121 123 
Total Suspended Solids, mg/L 310 358 
Volatile Suspended Solids, mg/L 243 282 
TKN, mg/L 47 63 
TP 10 15 
 
Future AZPDES permit requirements for Roger Road WRF and Ina Road WPCF are anticipated to be as 
summarized in the following table: 
 

Table 2-3 
Future AZPDES Permit Requirements 

Parameter Roger Road WRF 
Monthly Average Limit 

Ina Road WPCF 
Monthly Average Limit 

Effluent Flow, mgd 32 50 
BOD (5 day), mg/L 5 5 
Total Suspended Solids, mg/L 10 10 
Total Nitrogen, mg/L 8 8 
Ammonia, mg/L 2 2 
Total Phosphorous, mg/L No Permit Requirement No Permit Requirement 

Fecal Coliform Bacteria 

No Fecal Coliform organisms 
detected in 4 of 7 samples 

collected during the week base on 
seven daily samples per week, no 
single sample with >23 cfu/100ml 

No Fecal Coliform organisms 
detected in 4 of 7 samples 

collected during the week base on 
seven daily samples per week, no 
single sample with >23 cfu/100ml 

e-coli Bacteria 

No e-coli organisms detected in 4 
of 7 samples collected during the 

week base on seven daily 
samples per week, no single 
sample with >15 cfu/100ml 

No e-coli organisms detected in 4 
of 7 samples collected during the 

week base on seven daily 
samples per week, no single 
sample with >15 cfu/100ml 

Settleable Solids, mg/L 1 No Permit Requirement 
pH >6.5,<9.0 >6.5, <9.0 
Total Residual Chlorine 4 ug/L 4 ug/L 
Copper (as CU) 25 ug/L 30 ug/L 
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2.7 Regulatory Matters 
The County’s Roger Road WWTP and Ina Road WPCF operate under AZPDES permit numbers 
AZ0020923 and AZ0020001, respectively, issued by the Arizona Department of Environmental Quality 
(ADEQ).  ADEQ operates the AZPDES program under a delegation agreement with U.S. EPA.  Pursuant 
to state law, ADEQ also issues permits under a state-wide aquifer protection permit (APP) program.  See 
Arizona Administrative Code Title 18, Chap. 9.  The Roger Road WWTP and Ina Road WPCF operate 
under APP permit numbers P-100655 and P-100630, respectively. 
 
The AZPDES operating permits for the Roger Road WWTP and Ina Road WPCF require the facilities to 
comply with ammonia removal standards by January 30, 2014 and January 30, 2015, respectively.  The 
ammonia removal requirements are the impetus for the ROMP process. 
 
The AZPDES permits also include the standard array of effluent discharge concentration limitations as 
well as whole effluent testing standards and biosolids quality standards.  In addition, the APP permits 
currently in place require compliance with discharge limitations for a substantially greater list of organic 
and inorganic compounds plus fecal coliform.  Once the two facilities are expanded or replaced, new 
source best available demonstrated control technology will apply.  These include more stringent limits for 
a number of parameters including fecal coliform. 
 
In addition to these permitting constraints, the County has an existing agreement with the City regarding 
ownership of wastewater facility effluent.  The City currently uses a significant amount of the Roger 
Road effluent for irrigation and aquifer recharge purposes.  It operates its own filtration plant to prepare 
the effluent for re-use.  The City will continue to need effluent from the Roger Road WWTP and plans to 
begin using effluent from the Ina Road WPCF once the expansion is complete. 
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Section 3    Proposed Projects 

3.1 Roger Road Facilities  
A new Roger Road WRF plant without primary treatment is planned.  The existing treatment facilities 
will be decommissioned and demolished once the new plant is operational.  Major elements of the new 
Roger Road WRF include: 
 
Â New Influent Pump Station; 
Â New Screenings and Grit Removal Facility; 
Â New Aeration Tanks (configured in the Bardenpho Process); 
Â New Final Clarifiers; 
Â New Rapid Sand Effluent Filters (Optional); 
Â New Disinfection Facilities; 
Â New administration and ancillary facilities 
Â New WAS Thickening/Pumping Facility; and 
Â Demolish and Remove existing Roger Road WWTP after new GF Plant is operational. 

 
There is a “green space” on the south side of the existing Roger Road WWTP that is available to site a 
new facility to treat 24 mgd of wastewater. The recommended plan for future Roger Road WRF is to 
locate the facilities along Sweetwater Drive on the south side of the existing treatment facilities and west 
of the existing Tucson water reclaimed water filtration plant, reservoir and pumping station operations. 
The plan maximizes the availability of public land for alternative uses, such as a new sports complex, 
enables upstream discharge to the Santa Cruz River to sustain riparian habitat, and locates operations 
adjacent to the existing and future reclaimed water operation. The existing facilities will continue 
operations until the new facilities are commissioned and then the existing facilities will be demolished.  
A site plan of the existing Roger Road WWTP and the proposed new Roger Road WRF plant is presented 
on Figure 3-1 and Figure 3-2. 
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Figure 3-1 
Existing Roger Road WWTP Site Plan 
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Figure 3-2 
Proposed Roger Road WRF Site Plan 
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3.2 Ina Road Facilities 
The draft ROMP recommends that the Ina Road WPCF facilities be expanded to accommodate the 
treatment of 50 mgd on the existing site.  Major elements of the expanded Ina Road WPCF include: 
 
Â Additions to the existing headworks (pump station, screen and grit) facility; 
Â New Primary Clarifiers; 
Â Modifications to existing BNRAS (12.5 mgd) plant (reconfigured to the Bardenpho Process); 
Â New Aeration Tanks (configured in the Bardenpho Process); 
Â New Final Clarifiers; 
Â New Rapid Sand Effluent Filters (Optional); 
Â New Disinfection Facilities; 
Â Upgrade existing power plant or construct new facilities 
Â New Sludge Thickening, Anaerobic Digestion and Sludge Disposal Facilities; and 
Â Demolish and Remove portions of the existing High Purity Oxygen Plant after the new plant is 

operational. 
 
At the Ina Road WPCF, there is sufficient space on the existing plant site to accommodate expansion to 
treat 50 mgd of wastewater.  A site plan of the existing and proposed new facilities at the Ina Road WPCF 
is presented on Figure 3-3. 
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Figure 3-3 
Proposed Ina Road WPCF 
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3.3 Power Facilities  
The plant power generation system at Ina Road WPCF consists of seven 650 kW, 4160 volts, 3-phase 
generators connected in parallel to 4.16 kV Switchgear “A/B”. The power generators utilize biogas 
(primarily methane) generated on-site by anaerobic digestion of organic solids and natural gas supplied by 
the local utility.  The production of methane gas will be increased in the future as the plant is expanded 
and the Ina Road WPCF becomes the centralized solids processing center.  Switchgear feeder breakers 
distribute power to six outdoor unit substations and three 400 horsepower Oxygen Compressors. The unit 
substations are connected delta-wye with their secondaries rated 480-volts, 3-phase.  The secondary of 
each unit substation serves a close coupled walk-in aisle 480-volt switchboard with the exception of the 
two at the Centrifuge Building.  The Centrifuge Building unit substations serves a motor control center 
directly from the secondaries of the substation transformers.  Those configured with secondary 
switchboards distribute power to motor control centers and other utilization equipment. 
 
Since digester gas (methane) will not be available at the new Roger Road facility, it is expected that 
engine generators will be provided as backup power in the event of power outage in the power grid 
servicing the plant.  This is forecast to be intermittent service.  The fuel source would be fuel oil, natural 
gas or liquid propane. 

3.4 Biosolids Services 

3.4.1 Existing Biosolids Processing 
Stabilized Class B biosolids from both the existing Roger Road WWTP and the Ina Road WPCF are 
currently thickened to approximately 8 percent solids using centrifuges and are disposed of through an 
existing contract for agricultural land application.  This disposal option is suited to thickened rather than 
dewatered solids as the water in the biosolids is beneficial in the region and the existing contractor’s 
equipment is consistent with this product up to 10 percent solids. 
 
The current land application option has been successful for the County and provides a beneficial use of its 
biosolids.  It is expected that land application will continue to be an option for biosolids disposal in the 
area in the future.  However, some issues of concern with this disposal method have arisen.  Currently, 
hauling distances for disposal are approximately 25 miles round trip and are through a single disposal 
contractor that controls the majority of available land in the area.  It is expected that this hauling distance 
could increase to 40 miles at some point in the future as development pushes available land further out 
from the existing Ina Road WPCF.  Concerns over the quality of Class B biosolids have arisen in other 
areas of the U.S.  If similar concerns arise in the area, disposal of Class B biosolids by land application 
could become difficult or unacceptable, requiring Class A processing.  As a result, the County is seeking 
additional options for disposal. 

3.4.2 Future Biosolids Processing 
In order to provide reliable biosolids processing and disposal through the planning period, the following 
recommendations for biosolids processing improvements are made in the ROMP: 
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Â Roger Road WWTP (after construction and startup of new Roger Road WRF plant) 
− Decommission existing gravity thickeners and dissolved air flotation thickeners; 
− Provide waste activated sludge gravity belt thickening facilities with 4 gravity belt 

thickeners to produce a minimum of 3 percent solids; 
− Decommission existing digesters; 
− Improve transfer pump station facilities to transfer 3 percent waste activated sludge to Ina 

Road WPCF through the existing transfer forcemain; and  
− Consider providing redundancy to the single sludge forcemain through construction of a 

parallel forcemain. 
 
Â Ina Road WPCF (as part of the improvements and expansion to 50-mgd capacity) 

− Expand existing gravity thickening facilities for primary sludge at the same size as 
existing for a total of 4 gravity thickeners to produce 5 percent solids; 

− Provide waste activated sludge gravity belt thickening facilities with 3 gravity belt 
thickeners to produce a minimum of 5 percent solids; 

− Expand existing mesophilic digestion capacity with 5 additional digesters at the same size 
as existing; 

− Expand centrifuge facility to have 6 units (for 5 days per week operation) or 4 units (for 7 
days per week operation) that can be operated to produce either thickened or dewatered 
solids; 

− Replace and expand centrate and cake pumping systems at the centrifuge facility; 
− If 5 days per week operation is desired for dewatering, provide digested sludge storage 

upstream of centrifuges; 
− Provide thickened/dewatered solids storage with storage capacity to hold 10 days of 

solids production; and 
− Replace existing solids transfer station. 

 
Thus, it is recommended that the County continue to produce Class B biosolids using consolidated 
mesophilic digestion facilities at Ina Road.  This stabilization process will provide digester gas for use at 
the plant.  Additionally, thermophliic anaerobic digestion (TPAD), heat drying, or possibly the Cambi 
process (when and if approved by U.S. EPA for producing Class A biosolids) could be added in the future 
to produce Class A biosolids, if necessary.  An arrangement has been determined for the required Class A 
TPAD facilities on the Ina Road site based on the conceptual sizing.  Finally, the centrifuges will be 
designed to operate in either a thickening or dewatering mode that will permit the use of landfilling as a 
backup or contingency plan for biosolids handling. 

3.5 Outlying (Smaller) Treatment Facilities  
Areas outside the metropolitan Tucson region are served by what are called the outlying facilities. These 
outlying areas are experiencing a rapid population expansion.  An evaluation to determine the optimal 
strategy for long-term flow/capacity management, wastewater treatment and facility expansion was 
performed. 
 
The outlying region includes facilities operated by the Department and by others.  Existing Department 
operated facilities include:  
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Â Arivaca Junction Wastewater Treatment Facility; 
Â Avra Valley Wastewater Treatment Facility; 
Â Corona de Tucson Wastewater Treatment Facility; 
Â Pima County Fairgrounds Wastewater Treatment Facility; 
Â Green Valley Wastewater Treatment Facility; 
Â Marana Wastewater Treatment Facility; 
Â Mt. Lemmon Wastewater Treatment Facility; 
Â Rillito Vista Wastewater Treatment Facility; and 
Â Randolph Park Water Reclamation Facility. 

 
Treatment facilities for the outlying area must accommodate future projected average daily flows that are 
250 – 3,000% greater than 2006 average daily flows.  The following table shows current and future 
projected wastewater flows for the outlying facilities. 
 

Table 3-1 
Current/Projected Outlying Facility Wastewater Influent Flows 

Outlying Facility Name 2006 2030 Approximate 
Increase 

Arivaca Junction 0.06 0 - 
Avra Valley 1.08 3.0 300% 
Corona de Tucson 0.14 2.1 1500% 
Green Valley 1.76 4.4 250% 
Marana 0.15 4.4 3000% 
Mt. Lemmon 0.002 0.002 0 
Pima County Fairgrounds 0 0 - 
Rillito Vista 0.01 0 - 
Southlands (excludes Corona) 0 10.5 - 

 
The existing non-Department operated facilities include Arizona Sonoran Desert Museum, Sahuarita, and 
others. 
 
The existing outlying facilities vary in capacity and treatment process employed. The ROMP investigated 
and evaluated outlying service areas and facilities with two major objectives: 
 
Â Opportunities to decommission smaller facilities and consolidate wastewater flows into area 

regional plants; and 
Â Opportunities to incorporate a single, or perhaps two, treatment processes as a standard for the 

outlying regional plants. 
 
Outlying regions were developed to meet the following list of objectives: 
 
Â Separate topographically confined areas; 
Â Convey wastewater via gravity; 
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Â Limit conveyance line distances; 
Â Avoid conveyance line construction in areas of sparse population; and 
Â Consolidate facilities to sub-regional treatment facilities. 

 
Application of the above objectives to the planning area yields five regions, the Northwest, Southwest, 
South, Southeast, and Mountain Regions. The graphic below shows the five conceptual regions. 
 

Figure 3-4 
Non-Metro Service Area Regions Year 2030 

 
 
Construction of sub-regional facilities includes the option of locating, designing, and building new sub-
regional facilities. This option would require construction of a new facility and subsequent 
decommissioning of the satellite facilities as their useful life expires. Conveyance structures would need 
to be constructed to include flows associated with new development as well as taking over 
decommissioned facility flows. Thus, all flows for the region would be treated at the new sub-regional 
facilities. Construction of a new sub-regional facility could potentially decrease construction operations 
and maintenance costs due to economies of scale. A new sub-regional facility would reduce the 
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opportunity for areas near the existing outlying facilities to obtain water for water reuse by relocating the 
treated effluent at a distant area. This option would require all or some of the following steps listed: 
 
Â Land procurement; 
Â New facility design and construction; 
Â Conveyance structure design and construction to convey flow from satellite facilities to the sub-

regional facility; and/or 
Â Decommissioning of existing satellite facilities. 

 
The ROMP includes evaluations for existing outlying facilities located within each region.  The ROMP 
also provides recommendations regarding expansion, new construction and decommissioning of existing 
outlying facilities located within each region. 
 
The evaluation for each Department operated outlying facility is set forth in Appendix A. 
 
Figure 3-5 shows the general location of Department’s outlying facilities. 
 

Figure 3-5 
Department’s Outlying Facilities 
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Section 4    Alternative Project Delivery Methods 

4.1 Overview 
Traditionally in Arizona, design-bid-build has been the generally used and legally required procurement 
method for public works.  This project delivery method consists of two phases: a design phase and a 
bidding and construction phase.  In the first phase, a design professional is hired, usually on a 
qualifications-based competitive selection process, to assist the County in planning and designing the 
project, and supervising (or managing) the bidding and construction processes.  In the second phase, bids 
are solicited by the County from construction companies in accordance with a request for bids and the 
lowest responsible bidder is selected to construct the project.  The County is responsible for managing the 
contracts of both the design professional and construction contractor throughout the entire process. 
 
The State enacted omnibus legislation in 2000 that greatly expanded permissible project delivery 
methods.  The Arizona public works procurement code is now among the most flexible in the country.  
Accordingly, Arizona law permits the County to consider the following project delivery methods: 
 
Â Traditional Design-Bid-Build; 
Â Design-Build; 
Â Design-Build-Finance (Turn-Key); 
Â Design-Build-Operate; 
Â Design-Build-Finance-Operate; 
Â Design-Build-Finance-Own-Operate; and 
Â Construction Manager at Risk. 

 
The sections below summarize the primary alternative delivery methods that are presently allowed. 
 
The County, to date, has for the most part employed the design-bid-build approach.  It has recently begun 
to use construction-manager-at-risk contracting and, for smaller, job order projects, some design-build 
procurement.  The County does not, however, have significant experience with design-build, design-
build-finance, design-build-operate, design-build-finance-operate, or design-build-finance-own-operate 
procurements.  This RFEI process has been undertaken as part of the County’s effort to familiarize itself 
with how these other methods would work in Arizona as a practical matter, and to assess market interest. 
 
In conjunction with the County’s effort to familiarize itself with various alternative project delivery 
methods available for the Projects, the County is also exploring all public and private innovative options 
that are allowed and feasible under each of the alternative project delivery methods provided below.  
Questions relating to financing options and each of the alternative project delivery methods are provided 
below in Section 5.6. 

4.2 Requests for Qualifications 
Requests for qualifications are required to be issued by the County to commence an alternative project 
delivery process in Arizona.  A selection committee reviews the qualifications submittals, and may elect 
to conduct interviews.  Fee, price and cost information may not be solicited at the RFQ stage.  The 
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selection committee, applying the qualifications criteria, must select the three (and only three) most 
qualified firms to be interviewed for the specific project. 
 
Arizona law permits the County, without conducting a subsequent RFP process, to enter into contract 
negotiations with the highest qualified firm from among the three firms selected through the RFQ 
process.  The contract may encompass not only design services but also resident engineer and 
construction management / inspection services.  Price, as well as terms and conditions, can be negotiated 
notwithstanding the absence of competing price proposals.  If a reasonable agreement is reached, the 
County may execute it without further procedural steps.  If agreement cannot be reached, the County can 
turn to the next highest ranked firm identified through the RFQ process.   

4.3 Requests for Proposals 
The County may elect, following the RFQ process, to conduct a competitive request for proposals 
process.  The RFP must be issued to the three pre-qualified firms.  Technical and price proposals are 
opened and scored separately, with the highest scored proposal selected.  Clarifying discussions are 
permitted prior to the submittal of final technical and price proposals.  A stipend must be paid to 
responsive but unsuccessful proposers in an amount at least equal to 2/10ths of one percent of the 
County’s final budget for the project. 

4.4 Design-Build and Related Project Delivery Methods 
The State procurement code defines “design-build” as a project delivery method in which (1) there is a 
single contract for design and construction services; (2) design and construction may be in sequential 
phases or concurrent phases; and (3) finance services, maintenance services, operations services, 
preconstruction services, and other related services may be included.  Thus the County has general legal 
authority to use the design-build, design-build-finance, design-build-operate, design-build-finance-operate 
and design-build-finance-own-operate project delivery methods. 
 
Design-build and related procurements operate to create one point of responsibility for multiple services.  
They also operate to transfer design liability from the owner to the private contractor assuming full 
responsibility for construction and other services.  These alternative project delivery methods are 
generally believed to have the potential to shorten the project schedule by allowing design and 
construction work to proceed in parallel.  Cost savings and risk transfer are also generally regarded as 
achievable using design-build and related procurements, potentially at the loss of some degree of 
municipal control over design details. 

4.5 Construction-Manager-at-Risk 
Construction-manager-at-risk procurements are also authorized in Arizona.  These are defined as a project 
delivery method in which there is a separate contract for design services and construction services 
(including preconstruction and design services).  A contract for design services and a contract for 
construction services may be entered into and performed at the same or different times under this delivery 
method. 
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Construction-manager-at-risk procurements do not generally operate to transfer design liability from the 
owner and its design engineer to the construction firm and other companies that are party to the 
transaction.  Nor does this form of contracting work to transfer operating performance cost or risk to a 
private company.  It does, however, permit the selection of a construction services firm on a qualifications 
basis and allow the construction firm to be involved in project design.  Guaranteed maximum pricing is 
also possible, to be negotiated once the design is sufficiently advanced. 
 



Pima County Wastewater Management Department 

Pima County Metropolitan Wastewater Treatment System Capital Improvement Program 
Alternative Project Delivery and Private Project Financing 

Request for Expressions of Interest 

 
 

5-1 

Section 5    Questions and Comments 
The County is interested in respondent’s answers to the questions set forth below as it formulates its 
approach to project implementation.  The County recognizes that not all questions set forth below are 
relevant to each of the project delivery methods identified herein as potentially viable delivery methods.  
Please answer those questions that pertain to the particular delivery method or methods you are interested 
in or with which you have particular experience.   
 
While we have attempted to group the following questions under general, topical section headings, please 
note that many of these topics will overlap.  For example, many of the questions relating to the design-
build method of project delivery apply equally to the design-build-finance, design-build-operate, design-
build-finance-operate and design-build-finance-own-operate methods of project delivery.  Accordingly, 
please review all of the following questions carefully and answer each of the questions that pertain to 
your preferred method or methods of project delivery. 
 
Section 5.6 poses questions with respect to how innovative financing options may be incorporated into 
these project delivery methods. 

5.1 Preferred Project Delivery Method and Procurement Process 
Â In which projects are you interested?   
Â Which projects are appropriate for using the traditional bid-build method, and why? 
Â Which projects are appropriate for using alternative project delivery methods, and why? 
Â What is your preferred project delivery method for such projects, and why? 
Â Would you be interested in proposing on such projects under other delivery methods? 
Â Please give examples of the successful use of the preferred project delivery method in other 

projects within the industry. 
Â Are there delivery methods that you would caution the County against using for particular 

projects, and why? 
Â Based on your knowledge, how interested are contractors in breaking up large projects set forth 

herein into smaller project packages? 
Â Please comment generally on any particular issues of concern relating to the procurement 

processes to be employed under your preferred project delivery method or methods. 
Â What do you believe are the best means of obtaining the input of potential respondents as to the 

details of the process, terms and conditions of a County procurement?  To what extent would the 
County benefit from issuing draft procurement documents to potential respondents for review and 
comment prior to the commencement of a formal solicitation? 

Â Arizona law authorizes a request for qualifications process that provides for the selection of a firm 
based solely on qualifications followed by negotiations with the firm to arrive at a fixed price or 
guaranteed maximum price.  Alternatively, Arizona law authorizes the more common request for 
qualifications and request for proposals process enabling a short-listing of firms followed by a 
competition that includes price consideration.  Please comment on the relative merits of the two 
alternatives based on your experience. 

Â Under the request for qualifications/request for proposals process authorized under Arizona law, 
the County would be required to pay a stipend or honorarium to “each final list offer or who 
provides a responsive, but unsuccessful, proposal.”  The statute provides that the amount of the 
honorarium or stipend shall be not less than two-tenths of one percent of the County’s estimated 
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final design and construction budget for the project.  Please comment on the importance of such an 
honorarium or stipend in terms of your determination as to whether to submit a proposal for a 
project.  What factors should guide the County in determining the amount of an honorarium or 
stipend? 

Â Please provide any recommendations you may have concerning the amount of time to be 
stipulated in a procurement schedule for preparation of statements of qualifications and proposals, 
review and discussions concerning statements of qualifications and proposals and for negotiating 
contracts. 

5.2 Business Terms and Conditions Generally 
Â Please comment on the particular risks and business terms and conditions that you feel are, and are 

not, appropriate to assign to the private sector under various project delivery methods. 
Â Please comment generally on how the various project delivery methods might impact the amount 

of time that can reasonably be expected to be required for the design and construction of the 
particular projects under consideration. 

Â Please comment generally on how the various project delivery methods might impact the price 
estimates for the Projects included in the ROMP. What price estimate info will be provided ? 

Â Please comment on the issue of the “loss of control” by the County that is commonly asserted to 
be associated with alternative project delivery methods.   

5.3 Construction-Manager-At-Risk 
Â How long after engaging the design-engineer should the County engage the construction manager? 
Â How can the construction manager best add design value to the project? 
Â What do you believe is optimal scope of work for the construction manager? 
Â Based on your knowledge, are construction managers willing to provide a guaranteed maximum 

price for the project?  When?  Under what conditions?   
Â To what extent, if any, do you believe that design liability (i.e., full responsibility for the facility’s 

ability to meet the performance standards following construction of the project in accordance with 
the design) can be transferred under the construction-manager-at-risk method of contracting?  

Â To what extent can the construction-manager-at-risk method of contracting reasonably be 
expected to shorten the project delivery schedule, reduce the project cost, or transfer risk with 
respect to the projects under consideration? 

Â What advantages do you believe that construction-manager-at-risk contracting have over 
traditional bid-build contracting? 

5.4 Design-Build 
Â Are there wastewater treatment processes or technologies that you believe the County should 

consider for the projects, other than those identified in the ROMP? 
Â How can the County best strike the balance between the competing goals of assuring a well-built, 

high quality project that meets the performance standards and providing the potential contractors 
with the opportunity to develop competitive and innovative proposals that will provide the best 
value to the County?  What would you recommend as to the extent of the design requirements to 
be included in a request for proposals for a design-build contract?   
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Â Please comment on the particular challenges posed by an upgrade to an existing facility, as 
opposed to a greenfield project, in the design-build context.   

Â Based upon your knowledge, how willing are contractors to assume permitting risk based on a 
project design that they have furnished (e.g., delays; terms and conditions, etc.)? 

Â Can design-build reasonably be expected to shorten the project delivery schedule, reduce the 
project cost, or transfer risk with respect to the projects under consideration? 

Â Based upon your knowledge, to what extent are contractors willing to propose, and for how long 
would they be willing to hold, a fixed price for a design-build project? 

Â Please outline your preferred approach to addressing risks associated with fluctuations in the 
prices of commodities and other materials in the context of a design-build contract. 

Â Please comment on the importance of including a limit of liability in a design-build contract and 
the nature and extent of any such limit. 

Â Please comment on today’s surety market and how current surety bond procedures and practices 
could be expected to affect a procurement carried out using alternative project delivery. 

Â Based on your knowledge, are contractors willing to take any responsibility for the short-term 
operations after acceptance of the design-build project?  How can the County be protected against 
the performance or cost issues that arise in the first two years of operations once the design-build 
work is completed? 

Â Please comment generally on the appropriate mechanisms for security for performance under a 
design-build contract, including parent company guarantees, performance bonds and letters of 
credit.   

5.5 Design-Build-Operate 
Â Based upon your knowledge, to what extent are contractors willing to assume the “as-is” or 

“condition” risk in terms of operating and upgrading an existing facility? 
Â Is private operation of a project that is part of the System viable from the standpoint of the 

operational interface between the County and the design-build-operate contractor? 
Â Please describe how the County can best assure that, with a long-term contract, its facilities will be 

properly maintained and their value preserved.  What approaches to facility maintenance have you 
found most effective in the context of the design-build-operate method of contracting? 

Â Please provide any recommendations you may have with respect to the structure of a fixed service 
fee for a long-term design-build-operate contract.  What is the appropriate adjustment mechanism 
to account for inflation over the term of a design-build-operate contract?  Are there particular 
operating and maintenance costs that you would recommend as “pass-through” costs for the 
County?   

Â Is the traditional “single guarantor” structure, whereby the operator or another single firm, 
guarantees performance of the entire design-build-operate contract viable in today’s market place?  
Based upon your knowledge, how willing are contractors to consider participating in a 
procurement structure in this manner? 

Â Please provide any recommendations you may have with respect to alternatives to the “single 
guarantor” structure.  One possibility might be to establish a “successor guarantor” structure, 
which would enable a “successor guarantor” (the operating company member of the proposer 
team) to assume all obligations and liabilities of an “initial guarantor” (the design-build entity) at a 
point following acceptance of the facility.  Based upon your knowledge, how willing are 
contractors to consider participating in a procurement structure in this manner?  
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Â Based on your knowledge, how are the interests of the County’s existing operations and 
maintenance staff protected in the context of a design-build-operate contract?  

5.6 Private Financing 
Â Please describe generally any extent to which you would recommend that private financing be 

incorporated into these transactions. 
Â Based upon your knowledge, how willing are contractors to undertake a private financing without 

having a federal tax beneficial ownership interest in the project? 
Â Is there any reason the County should consider having the project privately owned, as well as 

privately financed? 
Â Is private financing likely to advance, or delay, project completion? 
Â Based upon your knowledge, how willing are contractors to consider providing turnkey 

construction financing (where the County would “take-out” the financing upon project completion 
and acceptance), rather than permanent financing? 

Â Should the County allow proposals incorporating private project financing to be submitted by 
teams led by financial institutions (who subcontract the performance of the work to design, 
construction and operating services firms), or limit proposals to those led by design, construction 
or operating services firms who provide such services directly or arrange for project financing? 

Â If private project financing is provided by teams led by financial institutions, and equity is 
provided (with or without private ownership): 

− What would secure the project company’s contract performance to the County? 
− Would the County have any direct recourse to the operating services company in the 

event of non-performance? 
− How would the operational interface between the County and the project company work? 

Â Private project financing would generally be taxable (unless tax-exempt bond “volume cap” is 
obtained), resulting in a higher borrowing cost for the project, when compared to traditional tax-
exempt municipal revenue bond financing.  What other factors should cause the County to 
consider private project financing despite its probable higher cost? 

Â How would you suggest that the request for proposals and the service contract deal with the issue 
of interest rate uncertainty between the date the proposal is submitted and the date financing 
actually occurs, which will be sometime following execution of the service contract? 

Â Based upon your knowledge, how willing are contractors to “guarantee” that the financing will 
actually occur (in the sense of a guaranteed date for completion of financing) at a guaranteed 
interest rate, or a guaranteed “spread” over an interest rate index, with damages payable if the 
financing does not occur? 

Â Based upon your knowledge, if a contractor would not be willing to “guarantee” the occurrence of 
a financing, how could the County be assured that a “best efforts” financing would actually occur, 
and on what terms? 

Â If the County were to allow proposers full discretion to propose any type of financing plan, how 
would you suggest the financing elements of the proposals be compared? 
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Section 6    RFEI Submittals 

6.1 RFEI Response Format 
Respondents are requested to provide information that they believe will help the County in determining 
the optimal procurement approach for implementing each of the Projects.  The response should focus 
primarily on input relative to the delivery methods being contemplated.  Responses shall not be prepared 
as a statement of qualifications or a proposal for the Projects. 
 
Respondents are requested to address the following, as detailed below: 
 
Â Respondent Information; 
Â Projects of Interest; 
Â Project Delivery Methods Commentary; 
Â Institutional, Contractual and Legal Considerations; and 
Â Economic and Financial Considerations. 

6.2 Respondent Information 
The respondents should provide pertinent information about their company, including: name; address; 
business description; relevant experience; reference project information; brief organizational and financial 
profile; contact person or persons; contact information, including phone and fax numbers and email 
address; and website address. 
 
Respondents may submit information individually or jointly with other interested parties or firms.  Joint 
submissions will not be considered by the County to constitute any formal teaming arrangement. 

6.3 Projects of Interest 
Respondents are requested to identify one or more of the Projects they may be potentially interested in 
pursuing, and the delivery method or methods they believe should be considered by the County to be 
most advantageous in implementing the particular Project. 

6.4 Project Delivery Method Commentary 
Respondents are asked to comment on each of the project delivery methods of particular interest to them, 
and discuss the basis of their interest.  Specific suggestions as to how these procurements should be 
carried out in practice under State procurement law are welcome.  The advantages and disadvantages of 
the available procurement models, as they may be applied to the different Projects, should be discussed.  
Case studies, both of U.S. and international projects, can be usefully cited.  The County is also interested 
in suggestions as to variants on the particular procurement models discussed in this RFEI. 

6.5 Institutional, Contractual and Legal Considerations 
The County wishes to receive input on institutional, contractual and legal considerations bearing upon the 
development of the Projects.  This input may include commentary on alternative project delivery practice 
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in Pima County and Arizona generally; regulatory agency issues, such as the approach of permitting 
agencies to alternative project delivery and regulatory standards; intermunicipal matters, including 
reclaimed water allocation issues; the role of other institutions or organizations in implementing the 
ROMP using alternative project delivery; approaches to establishing a fair, equitable and efficient 
procurement process; and contract structuring issues, such as the allocation of risk and responsibility that 
would best serve the County’s interests. 

6.6 Economic and Financial Considerations 
The County also is requesting input on economic and financial considerations.  Economic considerations 
include how and why the cost of a Project may differ among the contemplated delivery methods, and 
information relative to “risk costing”.  Supporting information from specific case studies and references 
would be of particular value.  Financial considerations should focus primarily on possible private 
financing approaches for the Projects and may include suggestions on innovative public financing 
approaches.  Information regarding taxable versus tax exempt debt; equity; financing guarantees; revenue 
and collateral pledges; project ownership; and comparisons with traditional municipal bond issuance 
would be helpful. 

6.7 Answers to Questions 
Respondents are requested to answer the specific questions set forth in Section 5.0 of this RFEI, to the 
extent the questions relate to the respondent’s experience and projects of interest.  In lieu of answering 
such questions sequentially as presented, respondents may incorporate answers in the text provided in 
response to the general subjects raised in Sections 6.3, 6.4, 6.5, and 6.6 above.  The County is interested 
in receiving commentary and suggestions in the manner each respondent determines will most effectively 
communicate its response to the matters raised in this RFEI and assist the County in its decision-making 
process. 
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Appendix A  Outlying Facilities 

Arivaca Junction Wastewater Treatment Facility (AJWWTF) 
AJWWTF is located 3,080 feet above sea level (FASL) on the southern border of Pima County 
approximately 30 miles south of Tucson just east of Interstate 19. The facility has a permitted treatment 
capacity of 0.1 mgd (maximum daily flow average of 60,000 gallons per day) and treated an average daily 
influent flow of 0.059 mgd in 2006 (59% capacity). Treatment consists of a single 3.2-acre, 13-ft deep, 
unlined aerated facultative stabilization pond (side slope of 3:1) with two surface aspirating 
aerators/mixers. Effluent disposal for AJWWTF is through percolation, evaporation, and reuse. A reuse 
agreement for delivery of the Class C effluent for restricted agriculture use is in place with nearby 
Reventone Ranch. Prior to effluent being delivered to the adjacent ranch it is disinfected through the 
addition of sodium hypochlorite. Biosolids are scraped from one lagoon when necessary and hauled to a 
landfill. 
 
AJWWTF is expected to close once construction of the gravity sewer line between AJWWTF and Green 
Valley WWTF is completed. Wastewater flow from AJWWTF will then be transported to Green Valley’s 
facility for treatment. Completion of the gravity sewer line is scheduled for 2007/2008. 

Avra Valley Wastewater Treatment Facility (AVWWTF) 
AVWWTF is located 2,382-FASL in a rapidly growing area about 20 miles southwest of Tucson in 
southern Avra Valley, north of Hwy 86 (Ajo Way) and east of Three Points. AVWWTF treated an 
average daily influent flow of 1.079 mgd in 2006 (90% Current BNROD capacity, 67% of the expansion 
to 1.6 mgd total). Treatment consists of a Biological Nutrient Removal Oxidation Ditch (BNROD) and 
consists of a flow equalization basin, an oxidation ditch, two secondary clarifiers, four sludge-drying 
beds, and four percolation basins. Sewage enters the facility through a lift station where it is discharged to 
a screening channel. Influent is then equalized in a 0.37 million gallon basin and flows to a 1.33 million 
gallon oxidation ditch (1.2 mgd permitted treatment capacity). Effluent is disposed of through percolation, 
evaporation, plant irrigation reuse, and spraying into the Black Wash. Disposal of effluent to the Black 
Wash is only done when emergency flow conditions exceed percolation and evaporation capabilities. 
Waste activated sludge mixed liquors flow into the secondary clarifiers from the oxidation ditches via a 
distribution box where the sludge settles and further processes produce Class B+ effluent. The sludge 
from the clarifiers is then sent to two gravity thickeners and then to Roger Road WWTP. Four sludge 
drying beds are available for emergency use. 
 
The Department’s Avra Valley Expansion Plan recommends two concurrent expansion projects, the first 
is to increase current 1.2-mgd BNROD capacity to 2.2 mgd through interim improvements and the second 
is to have a dual oxidation ditch online and permitted to treat 4.0 mgd by 2009. Avra Valley also plans on 
treating effluent to Class A+ treatment requirements prior to discharge to percolation ponds. 

Corona de Tucson Wastewater Treatment Facility (CdTWWTF) 
CdTWWTF is located 3,090-FASL and is located approximately 15 miles south of Tucson in an area that 
is currently rural but facing very rapid population growth. The facility has a permitted treatment capacity 
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of 0.300 mgd and average daily influent flows for 2006 were 0.135 mgd (45% capacity). Sewage enters 
CdTWWTF through a gravity interceptor, then through a Parshall flume flow-metering chamber. The 
sewage then flows into a series of “splitter manholes” dividing the flow between the two concrete-lined 
stabilization ponds of 3.3- and 3.7-acres with an average operating depth of 4-feet. Ponds can be operated 
in series or parallel. The treated water overflows from the stabilization ponds into the 10.2-acre 
evaporation pond with a 6.1-acre unlined soil aquifer transfer (SAT) pond used as a recharge basin. 
Effluent is discharged to the plastic lined evaporation pond. Biosolids are removed from the plastic lined 
evaporation ponds when needed. 
 
Corona de Tucson WWTF will be placing a new, 1.0 mgd permitted, closed loop reactor online in 2007 to 
eventually replace the existing lagoons. The new facility will include new headworks, Parshall flume, 
RAS/WAS station, polymer storage, sludge holding tank, sludge pump, and 
mechanical/electrical/administration complex. Effluent will be disposed of via the SAT basins regulated 
by the facility’s APP. Biosolids will be pumped to the facility’s sludge holding tanks before being hauled 
and discharged into the South East Interceptor for processing and disposal at the Ina Road biosolids 
processing facility. 

Green Valley Wastewater Treatment Facility (GVWWTF) 
GVWWTF is located 2,790-FASL south of Tucson along the east side of the Santa Cruz River.  The 
facility’s 2004 expansion included the addition of a 2.0 mgd treatment train utilizing Biological Nutrient 
Removal Oxidation Ditch (BNROD) and increased the total permitted treatment capacity to 4.1 mgd 
(average dry weather flow). The facility treated an average daily influent flow of 1.764 mgd in 2006 (43% 
capacity). GVWWTF is split into two processes. The first, a 2.1 mgd Class B effluent producing process, 
consists of two trains of primary and secondary aerated lagoons followed by two effluent 
maturation/settling lagoons and four percolation basins. The second process, a 2.0 mgd BNROD Class A+ 
effluent producing process, operates on an extended aeration, nitrification, and denitrification process 
within the oxidation ditch by cycling the aeration on and off. Flows greater than BNROD’s capacity are 
directed to the aerated lagoons and polishing ponds. Effluent is disposed of through percolation, reuse, 
and delivery.  Department has a contract to deliver up to 1 mgd of Class A+ and B effluent to 
Robson/Quail Creek Inc. GVWWTF is the only Outlying facility with biosolids treatment and disposal 
capacity. The sludge is thickened, digested, and dried (Class A biosolids) before being utilized as a mine 
tailing reclamation product at the ASARCO Mines.  
 
GVWWTF will be treating flow from the Arivaca Junction WWTF once the gravity sewer main is 
completed (completion is expected in 2007/2008).  Department is planning on decommissioning the 
aerated lagoon system and replacing the capacity with a similar 2.0 mgd BNROD process by 2010. 

Marana Wastewater Treatment Facility (MWWTF) 
MWWTF is located 1,910-FASL one-half mile north of Marana Road, one mile west of Luckett Road, 
and one-half mile east of the Santa Cruz River. The facility has a permitted treatment capacity of 0.5 mgd 
and treated an average daily influent flow of 0.149 mgd in 2006 (30% capacity). The current wastewater 
treatment system includes a headworks and a 3-inch Parshall flume with a maximum capacity of 1.1 mgd 
(currently capacity is 0.7 mgd). To provide wastewater treatment for the accelerated development, three 
0.05 mgd biological nutrient removal package plants began operation at the end of 2001 and a fourth was 
added in 2005 providing a treatment capacity of 0.2 mgd. The four package plants will be soon 
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supplemented with a 0.5-mgd “Biolac” activated sludge treatment system, as an interim treatment 
process. Effluent is discharged into a 60 mil high density polyethylene (HDPE) lined effluent storage 
pond and disinfected with chlorine. The eastern facultative evaporation pond has been converted into a 
soil cement lined emergency influent storage basin. An in-ground biofilter is located onsite for odor 
control purposes. Effluent is reused onsite through landscape irrigation or for a riparian habitat restoration 
project. Class B+ effluent is produced through a Biological Nutrient Removal process and a chlorination 
and de-chlorination disinfection process. MWWTF collects sludge in sludge storage tanks before 
transporting to Ina Road for processing.  
 
MWWTF’s service area is expanding to match the area’s growth and eventually the facility will require 
expansion to provide capacity for the increased wastewater flow. Possible flows for inclusion to Marana’s 
future capacity are the Rillito Vista WWTF and the Continental Ranch Pumping Station. Marana WWTF 
has finished design of a new 1.5 mgd Biological Nutrient Removal Oxidation Ditch facility. Construction 
should begin at a date allowing enough time for completion and startup/testing. Once construction is 
complete, the existing package plants will require evaluation to determine their remaining life and 
application for future projects. Plans have been mentioned to relocate existing package plants to a 
proposed Canoa Ranch Water Reclamation Facility south of Green Valley WWTF or as a provisional 
treatment for the Southlands area (Southlands area is discussed later). 

Mount Lemmon Wastewater Treatment Facility (MLWWTF) 
MLWWTF is located 8,310-FASL near the small community of Summerhaven on Mount Lemmon, north 
of Tucson. The facility treats an average of 12,500 gallons per day and treated an average daily influent 
flow of 1,900 gallons per day in 2006 (average flow is just over 15% of capacity). MLWWTF consists of 
a circular oxidation ditch followed by chlorination-dechlorination units. The facility is the only treatment 
plant in the County experiencing freezing temperatures and is entirely enclosed. Treated effluent from the 
MLWWTF is disposed of via sprayfield irrigation onto forest vegetation, or is disposed of using 
underground pipelines leading to three combined outfalls; both are regulated by the facility’s AZPDES 
permit. Sludge is deposited into the County collection system (manhole 8716-03) for treatment at the Ina 
Road WPCF and further processing at the Regional Biosolids Facility. 
 
Department, the County Department of Environmental Quality and the USFS are working together to 
develop the Mt. Lemmon Service Area Watershed Study and Wastewater Management Plan. This plan 
hopes to identify the conditions and circumstances existing in and around the Mt. Lemmon community, 
and the significant issues and challenges involved in planning wastewater systems for the future. Due to 
its location and limited service, MLWWTF will most likely continue to be a stand alone facility in the 
future. 

Pima County Fairgrounds Wastewater Treatment Facility (PCFWWTF) 
The PCFWWTF is located 3,010-FASL approximately 18 miles southeast of Tucson at the county 
fairgrounds south of Interstate 10 and west of Houghton Road. The Fairgrounds has only measurable flow 
in the month of April when the Pima County Fair is held. The facility has a permitted treatment capacity 
of 0.035 mgd. PCFWWTF consists of two primary stabilization ponds and an overflow pond. Flow is 
split or directed into a stabilization pond via a manual splitter device. PCFWWTF does not discharge 
effluent. Biosolids are dried, scraped, and hauled to a landfill when necessary. 
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PCFWWTF can be decommissioned once a conveyance structure connecting the facility to the South East 
Interceptor, Corona de Tucson WWTF, or other location is completed.  

Rillito Vista Wastewater Treatment Facility (RVWWTF) 
RVWWTF is located 2,130-FASL on land owned by Arizona Portland Cement, northwest of Tucson, 
between Avra Valley Road and Tangerine Road, and between Interstate 10 and the Santa Cruz River. The 
facility has a permitted treatment capacity of 0.02 mgd and treated an average daily influent flow of 0.012 
mgd in 2006 (60% capacity). The treatment method for this facility consists of two 
stabilization/evaporation/percolation ponds. One pond is in use while the adjacent pond is dried and 
scraped before returning to service. The facility does not discharge effluent. Biosolids are dried, scraped, 
and hauled for disposal via landfill when necessary. 
 
RVWWTF is operated by the Department on land leased from the Arizona Portland Cement Company 
and the facility decommissioning of the facility will be considered  as soon as a conveyance structure 
connecting the service area to a facility for treatment is completed (Marana WWTF or Ina Road WPCF). 
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1.   Introduction 
The County received an overwhelming response to its Request for Expressions of Interest (RFEI) 
concerning the Metropolitan Wastewater Treatment System Capital Improvement Program (CIP).  
Twenty-seven firms submitted responses addressing the issues raised in the RFEI, including the method 
of project delivery, private financing, biosolids disposal, biogas and bio-power and additional technical 
considerations.  Generally, the responses are very well thought-out, offer valuable information for the 
County to consider as it begins to implement the CIP, and indicate a strong interest on the part of the 
engineering and construction contracting industry to participate in the Pima County CIP. 

2.   Respondents 
Respondents are grouped into categories solely for ease of reference and discussion of the comments 
offered.  Placement of a firm into a particular category should not be viewed as limiting the scope of that 
firm.  In actually many firms can fit into more than one category and their responses crossover into 
various other issues addressed in the Request for Expressions of Interest.  The seven categories used for 
classifying the respondents are: 

 
1) Engineering Design Firms,  
2) Construction Firms,   
3) Design/Build Firms 
4) Design/Build/Operate Firms 
5) Financial Firms  
6) Biosolids Firms, and  
7) Biogas/Bio-power Firms.   

 

Specific respondents under each of these categories are: 

Â Engineering Design Firms include: Brown and Caldwell, Carollo Engineers, P.C., Kennedy/Jenks 
Consultants, and Malcolm Pirnie, Inc. 

Â Construction Firms include: Kiewit Western Co., McCarthy Building Companies, M.A. 
Mortenson Company, Sundt Construction, Inc., and Western Summit Constructors, Inc. 

Â Design/Build Firms include: AMEC Infrastructure, Inc., Black & Veatch, MWH Constructors, 
Inc. and Parsons Water & Infrastructure Inc. 

Â Design/Build/Operate Firms include: CH2M Hill, EPCOR Utilities Inc., GE Water and Process 
Technologies, PCL Construction, Inc., Severn Trent Services, and Veolia Water North America - 
West, LLC. 

Â Financial Firms include: Goldman, Sachs & Co. and Lehman Brothers Inc. 

Â Biosolids Firms include: Synagro-WWT, Inc., Biochem Resources (formally known as FKOS 
Resources, LLC), Fenton Environmental Technologies, Inc. and Sweet Ethanol, LLC. 
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Â Biogas/Bio-power Firms include:  NZ Legacy, LLC. and APS Energy Services 

2.1 Comprehensive Responses 
While the majority of the responses to the RFEI provided valuable information for the County’s 
consideration, Black & Veatch, Parsons Water & Infrastructure Inc., CH2M Hill, EPCOR Utilities, Inc., 
Veolia Water North America – West, LLC, and Lehman Brothers Inc. provided the most comprehensive 
responses.  These respondents offered extensive discussion concerning the wide array of issues raised in 
the RFEI and each indicated that they would consider proposing on one or more of the projects included 
in the CIP. 

2.2 Certain Non-Respondents 
Several noteworthy industry players did not respond to the RFEI, including American Water, Southwest 
Water, and the engineering firms of Metcalf & Eddy, CDM, and HDR.  However, it is important to note 
that, as specifically indicated in the RFEI, submitting a response is not a precondition to future 
participation in the CIP projects.  Accordingly, these firms may still propose on the projects included in 
the CIP when the formal procurements commence. 

3.   Project Delivery Considerations 
Critically important information offered by the respondents with respect to the various methods of project 
delivery is summarized in the following. 

3.1 Traditional Design-Bid-Build  
Market Interest.  Most of the Engineering Design Firms, Construction Firms and Design/Build Firms 
indicated some level of interest in pursuing projects included in the CIP on a traditional, design-bid-build 
basis.  While a few of the respondents indicated that bid-build would be appropriate for all of the projects 
included in the CIP, most of the respondents suggested that it would be appropriate only for smaller, well-
defined projects (e.g., projects valued at less than $10,000,000).  Both PCL Construction, Inc. and Kiewit 
Western Co. cited the demolition of Roger Road as suitable for design-bid-build approach due to the 
straightforward nature of the project.  Most respondents indicated that some form of alternative project 
delivery would be preferable for the projects included in the CIP and a few specifically cautioned against 
the use of the design-bid-build method for any of the projects included in the CIP. 
 
Advantages.  The primary advantages cited by respondents with respect the design-bid-build method 
relate to the familiarity with the approach, both from the perspective of the County and the engineering 
and construction contracting industry.  For example, Kennedy/Jenks Consultants noted the County’s 
“long-term experience with and well-defined procurement documents for this delivery method”.  AMEC 
Infrastructure, Inc. noted the lower risk profile associated with design-bid-build from the perspective of 
engineers and contractors when compared to alternative project delivery methods and suggested that most 
firms are primarily focused on delivering under this conventional method.  Other firms emphasized the 
greater level of control the County would have in proceeding under the traditional design-bid-build 
method as compared to the alternative methods of project delivery. 
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Disadvantages.  Most firms indicated that the design-bid-build method is not appropriate for projects of 
the size and complexity of the major projects included in the CIP (i.e., Roger Road new Water 
Reclamation Campus and Ina Road WPCF upgrade and expansion).  Respondents noted that the County 
would assume primary responsibility for project outcomes and performance under the design-bid-build 
method.  Specific disadvantages indicated include the lack of design phase assistance or collaboration 
from construction professionals, an extended project timeline, late stage establishment of price, 
potentially adversarial relationships and a greater risk of claims and disputes than under the alternative 
project delivery methods.  Kiewit Western Co. highlighted the higher cost that could be expected to be 
incurred under the design-bid-build method.  According to CH2M Hill, “If the County is concerned about 
the quality of hard-bid contractors or the local construction market is saturated with work, [the design-
bid-build] approach may not result in the lowest cost or best quality.” 
 
Special Considerations.  One Engineering Design Firm (Kennedy/Jenks Consultants) noted that the 
County’s recent experience with design-bid-build has been less than satisfactory.  The firm’s 
recommendation was to include a contractor prequalification step in the procurement process.  While 
Arizona State law appears to preclude such a prequalification step in the design-bid-build process, it may 
be possible to factor in the qualifications of the bidding companies through careful drafting of the 
procurement documents.  More generally, the comments of the respondents suggest that design-bid-build 
can be successful when design documents are accurate and complete, a quality construction contractor is 
obtained and the County procures experienced construction oversight. 

3.2 Construction Manager-at-Risk 
Market Interest.  The Construction Manager-at-Risk (CMAR) method of project delivery was generally 
favored over the bid-build method by the Design/Build Firms, Construction Firms, and Engineering 
Design Firms.  Particularly, these firms indicated that the Ina Road project would benefit from the CMAR 
method due to the complexities associated with upgrading an existing facility and the need to maintain 
operations during the construction of the project.  
 
Advantages - General.  Respondents emphasized the ability to select a construction manager based on 
qualifications (rather than price) and the ability of the construction manager to collaborate with the design 
engineer in the development of the design as the primary advantages associated with the CMAR method.  
Respondents suggested that these factors combine to foster team building and collaborating, which can 
lead to common goals and objectives among the members of the project team.  The construction manager 
adds value by performing constructability reviews, cost estimating and value engineering throughout the 
design and through project management during the procurement of subcontractors, project permitting, 
construction, start-up and commissioning.  The construction manager assumes quality assurance control 
during construction and is generally responsible for all construction issues.  Respondents indicated that 
collaboration between the construction manager and the design engineer generally results in fewer change 
orders over the course of construction.  Respondents also noted that the CMAR method provides the 
owner with significant control over the design of the project, as the owner will generally have design 
approval rights at each development stage. 
 
Advantages - Cost.  A few respondents suggested that the CMAR method could achieve cost savings over 
the design-bid-build method through schedule optimization and constructability reviews by the 

3 
J:\Projects\Pima Co WM\05302-ROMP\06 Gen Studies-Rpts\6.1 Report\App J - EOI\EOI_Final Report_Rev1.doc 



Pima County Wastewater Management Department 

Pima County Metropolitan Wastewater Treatment System 
 Capital Improvement Program 

 

Summary of Responses to 
 Request for Expressions of Interest 

 
 

construction manager.  According to McCarthy Building Companies, “The CMAR team reviews design 
documents for constructability and bidability before soliciting bids to eliminate unclear or inconsistent 
details, thus reducing the possibility of change orders during construction.  They provide value analysis, 
suggesting materials or equipment that might be more cost effective.”  Respondents also noted that the 
CMAR method provides for the transfer of price risk at the point of the establishment of a guaranteed 
maximum price (GMP) through negotiations with the construction manager and indicated that the County 
could benefit from a negotiated sharing of any savings against the GMP.  As compared to the design-bid-
build method, respondents indicated that the CMAR method might provide for earlier price certainty 
depending on when the GMP is established. 
 
Advantages - Schedule.  A few respondents suggested that the CMAR method reduces the risk of 
schedule delays and change orders.  More generally, respondents indicated that schedule efficiencies 
could be achieved under the CMAR method where there are identifiable portions of a project that can be 
phased to allow for early procurement of long-lead equipment and materials, early utility relocation and 
commencement of construction prior to completion of design. 
 
Disadvantages - No Transfer of Design Liability.  Respondents were uniform in stating that the CMAR 
method does not provide for the transfer of design liability.  Under the CMAR method, the County 
remains ultimately responsible for process risk and has no single point of responsibility for all project 
issues.  While the County may look to the construction manager for issues relating to the construction of 
the project, the County must look to the design engineer for issues relating to the design of the project and 
will ultimately be responsible for disputes between the construction manager and the design engineer. 
 
Disadvantages – Cost and Schedule.  Some of the respondents indicated that the CMAR method is not 
likely to result in significant cost savings.  In fact, one Engineering Design Firm (Kennedy/Jenks 
Consultants) indicated that owners typically pay a premium for the CMAR method, which may only be 
offset through cost saving design refinements and minimal construction period claims.  Another (Kiewit 
Western Co.) indicated that while the CMAR method may provide the best value, it would not necessarily 
provide the lowest cost.   
 
Most of the respondents who offered information concerning the CMAR method emphasized that, while a 
GMP can be negotiated at any point from 30% design to 100% design, establishing the GMP later in the 
design process (i.e., from the 60% to 100% design) reduces the risk of uncertainty and enables the 
construction manager to obtain more competitive pricing from subcontractors.  According to MWH 
Constructors, Inc. who advocated establishing the GMP only at the 70% to 100% design stage, “the 
increased certainty and detailed design allows the construction manager to pass reduced pricing risk to the 
subcontractors and, subsequently, a lower overall cost back to the owner.”  Other respondents noted that 
establishing the GMP at an earlier design stage increases the contingency amount that the construction 
manager will include in the GMP.  Accordingly, the comments of the respondents suggested a tradeoff 
between early stage price certainty and cost savings under the CMAR method: in order to avoid paying a 
high contingency, the owner must wait until the design is significantly developed before negotiating the 
GMP.  According to CH2M Hill, “One of the problems that we have seen numerous times in 
construction-management at-risk is that while the construction manager might provide estimating input 
during design, they do not typically provide a firm price until the design is at least 90 percent complete.  
There can then be ‘sticker shock’ when this firm price finally appears.”  Black & Veatch further noted 
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that the need to have a significantly developed design prior to negotiating the GMP means that the CMAR 
method currently offers little schedule relief.   
 
Special Considerations – Early Engagement.  Nearly all of the respondents who discussed the CMAR 
method emphasized the need to engage the construction manager as early as possible in the process, with 
some suggesting concurrent engagement with the design engineer and others indicating that the 
construction manager should be engaged at no later than 60% design.  According to Carollo Engineers, 
P.C., “By engaging the CMAR early in the project, the Owner is able to take advantage of what the 
CMAR process promises to deliver.  Early understanding of the project elements allows contractors to 
develop accurate cost models and schedules that provide for cost control throughout the design phase of 
the project.”  Other respondents indicated that the construction manager’s ability to influence the final 
design and cost drastically reduces beyond the 30% design stage. 
 
Special Considerations – Negotiating the GMP.  In addition to the timing issues discussed above with 
respect to the negotiation and establishment of the GMP, a few respondents emphasized the need to 
establish a list of assumptions and clarifications defining the scope of the GMP.  Kiewit Western Co. 
suggested that contingencies should be based on a detailed set of unknowns rather than a percentage of 
the GMP.  Parsons Water & Infrastructure Inc. noted that the GMP contingency must be controlled by the 
construction manager and emphasized that the construction manager’s contingency should not be viewed 
to cover risks that the owner contractually assumes, such as project scope or differing site conditions.  
Parsons also indicated that a construction manager may seek contractual protection from such risks as 
aberrations in the price of construction materials and supplies if the length of time between GMP and 
construction is such that the construction manager’s contingency could not adequately address the risk. 

3.3 Design/Build 
Market Interest.  Respondents indicated significant interest in pursuing the projects included in the CIP on 
a design/build basis.  As a general matter, the Design/Build and Design/Build/Operate Firms suggested 
that this method would be superior to either design-bid-build or the CMAR method, as design/build can 
be expected to shorten the project delivery schedule, reduce project costs and transfer the basic risks 
associated with whether a project will work to the design/build contractor.  Particular interest was 
expressed in pursuing the new plant at Roger Road on a design/build basis.   
Implementing Design/Build.  The respondents offered a great deal of commentary concerning the best 
means to implement a project on a design/build basis.  Many firms advocated for the implementation of 
design/build projects on a “single step” procurement basis where the design/build contractor (either a 
single firm or a team comprised of an engineer and a construction contractor) is selected on a 
qualifications basis without consideration of price.  The selected design/build contractor then works with 
the owner to develop the project scope and design.  As under the CMAR method, the owner and the 
design/build contractor negotiate a lump sum price or GMP when the project scope and design are 
sufficiently developed.  However, in contrast to the CMAR method, once the lump sum price or GMP is 
established through the negotiation of the design/build contract, the design/build contractor assumes full 
responsibility for price, schedule, and project outcome.   
 
This implementation method (single step design/build) differs significantly from the more common “two-
step” design/build implementation process involving a request for qualifications (RFQ) to pre-qualify 
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potential design-build contractors (up to three under Arizona State law) followed by a request for 
proposals (RFP), which provides for competition on price and non-price factors (including design).  
Under the two-step design/build process, the parties negotiate and establish a fixed price at the outset 
upon execution of the design/build contract based on the design/build contractor’s proposal, which 
generally includes a 20-30% design.  The advantages, disadvantages and special considerations associated 
with these different methods for implementing a design/build project, as indicated by the respondent 
comments, are addressed separately below. 
Advantages and Special Considerations– Two-Step Design/Build.  The respondents generally indicated 
that the two-step design/build process has the advantage of early price certainty, with the price known and 
fixed at the 20-30% design stage.  Respondents indicated that this method, when compared to design-bid-
build, CMAR or the single step design/build method, offers a greater opportunity for cost reduction 
through innovation and competition.  Other advantages noted by the respondents include the fact that the 
design/build contractor serves as a single point of responsibility for price, schedule and performance 
outcomes, that the owner is removed from potential disputes between the engineer and construction 
contractor, and that the design liability is effectively transferred to the design/build contractor.   
 
Generally, where the owner strikes the appropriate balance between ensuring a well-built, high quality 
project and providing for adequate opportunity for competition and innovation in the proposal process, 
innovation can result in lower capital and operating cost and improved performance.  Respondents 
indicated that this can be achieved where the owner has a clear project definition, is comfortable with a 
performance-based selection and there is little chance of unforeseen circumstances or owner-directed 
change orders during construction.  Particularly, respondents emphasized that the RFP should include 
performance-based requirements and minimal specific equipment or process specifications.  According to 
Veolia Water North America - West, LLC, “For a municipality to benefit the most from design-build 
procurement, it must ensure it doesn’t over design the initial plans prospective proposers will bid to… To 
develop creative proposals from DB team, the municipal entity should go out with a 10 percent or PDR 
(preliminary design report) level of design in order to get a spectrum of ideas from the proposer field.”  
Similarly, Parsons Water & Infrastructure Inc. noted that “If an owner requires 30% or more design then a 
traditional project approach may be best suited for the project.  Design build projects should be based on 
design that is less than 30%; more in the 10%-20% rang[e] to ensure maximum proposer flexibility and 
creativity.”  Overall, respondents indicated that opportunity for innovation and creativity, achieved 
through a properly structured, performance-based RFP process, can result in lower project costs for the 
owner. 
 
Disadvantages and Special Considerations– Two-Step Design/Build.  The primary disadvantages cited by 
the respondents with respect to the two-step design/build method are loss of control by the owner over 
design development and the cost of the procurement from the perspective of the proposing firms and, to a 
lesser extent, the owner.  Respondents indicated that an owner under a two-step design/build process 
might experience some loss of control over the design of the project because, as suggested above, the 
design/build contractor will propose based on performance requirements and minimal specifications.  
This loss of control is the tradeoff associated with allowing a flexible, performance based approach, 
which enables proposing firms to develop innovative and creative proposals resulting in lower overall 
project costs to the owner.  While the owner reviews design packages as the design progresses, the scope 
of the review is limited to whether the package complies with the parameters (design requirements) 
identified in the RFP and finalized in the design/build contract.  The owner does not have approval rights 
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with respect to the design, as it does under the bid-build and CMAR method, except to the extent that 
design packages or suggested design changes do not comply with the specified design requirements.  For 
this reason, it is critical that the owner establish clear design requirements in the RFP documents and 
subsequent design/build contract based on specific project goals and objective and measurable criteria.  A 
few respondents suggested that the more time that the owner spends in this effort, the less risk the owner 
has in loss of control over design.  However, some respondents suggested that this required up front effort 
could be costly to the owner, as the owner must generally hire consultants to assist with the project 
definition and the development of the procurement documents. 
 
The primary cost concerns suggested by the respondents with respect to the two-step design/build method 
relate to the costs that the proposing firms incur in preparing competitive proposals.  Cost concerns 
include not only the actual cost of preparing the proposal, but also the opportunity costs associated with 
committing resources to a project for an extended duration where the firm may not ultimately be 
successful.  The actual costs of preparing a proposal are generally only partially offset by an honorarium 
or stipend.  Respondents indicated that these cost concerns could have the effect of limiting the number of 
firms who will respond in the two-step design/build process.  To mitigate these concerns, respondents 
suggested that the County should attempt to shorten the procurement process and streamline the submittal 
requirements.  According to Parsons Water & Infrastructure Inc.: 

“The amount of resources that a proposer will be asked to invest on a particular project must be taken into 
account.  There is an alarming trend taking place in the alternative project delivery market whereby 
procurements are taking longer and costing more.  This trend is impacting the level of competition, as 
proposers are making investments in business opportunities that they determine represent a commensurate 
level of business development dollars with the project.  Procurement requirements have risen to the point 
of proposers asking, ‘Is this really needed to make a selection?’  An owner is well advised today to 
carefully look at schedule and proposal requirements, as it now has to develop a procurement that is 
attractive to the proposing community or else those proposers will look at other opportunities.” 

Advantages and Special Considerations- Single Step Design/Build.  Many respondents suggested that the 
single step design/build method, also referred to as “progressive”, “QBS”, “collaborative”, “negotiated” 
or “sole source” design/build, addresses some of the disadvantages associated with the two-step 
design/build method.  As discussed above, the single step design/build method provides for a 
qualifications based selection of the design/build contractor followed by a collaborative effort by the 
owner and the selected firm on project scope and design.  The selected firm is paid currently for its work 
with the owner in the development of the design.  At the point where the design is sufficiently developed 
(50-60%), the owner and the selected firm negotiate the design/build contract.  If negotiations are 
unsuccessful, the project can be completed on a bid-build basis.  If the parties are able to negotiate a 
design/build contract, the design/build contractor completes the design, performs certain “general 
conditions” services and generally self-performs 10-20% of the construction work, with the remaining 80-
90% of the construction work competitively bid.   
 
According to many of the respondents, this process reduces the up-front procurement costs of both the 
owner and the design/build contractor and enables the owner to exert control over the design process 
through collaboration with the selected firm over the development of the design.  Respondents also 
suggested that this process fosters a collaborative and cooperative relationship between the design/build 
contractor and the owner and reduces contingency pricing by the design/build contractor, since the fixed 
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price or GMP (including both the selected firm’s fee and the competitively bid work) is negotiated based 
on a well-developed design (again, generally 50-60%).  A few respondents noted that this process might 
attract more competitors due to the reduced costs associated with proposing on a qualifications-based 
procurement as opposed to the qualifications and price-based procurement contemplated by the two-step 
method. 
 
Disadvantages and Special Considerations- Single Step Design/Build.  Potential drawbacks associated 
with single step design/build include a lack of competition with respect to both design and price.  The 
single step design/build method eliminates competition over the design of the project, thus limiting the 
opportunity for innovation and creativity that is generally associated with the proposal competition under 
the two-step design/build process.  With respect to price, as noted above, the work involved in developing 
and completing the design and performing the general conditions services, as well as the work that the 
design/build contractor self-performs, is negotiated on a sole source basis.  The owner is left without a 
competitive baseline with which to measure the reasonableness of the price offered by the selected firm.  
Moreover, the more work the design/build contractor proposes to self-perform, the less the amount of 
competitively bid work.   
It should also be noted that the single step design/build process might not achieve the purported transfer 
of design liability that is considered a key benefit of design/build contracting.  Under the normal, two-step 
design/build process, the transfer of design liability is based on the fact that the design/build contractor 
assumes full responsibility over the design.  The single step design/build process might serve to negate 
this transfer of design liability because the owner assumes an approval role in the development of the 
design.  This issue highlights the fact that the single step process is a relatively new method for 
implementing design/build without significant precedent in Arizona. 
 
Special Considerations - Design/Build and Initial Operations.  Respondents generally indicated that 
design/build contractors would not accept responsibility for short-term operations after achieving 
“acceptance” of the project.  The prevailing view appears to be that operations are outside of the core 
competencies of design/build contractors and, as such, responsibility for operations should transfer to the 
owner after the successful demonstration of acceptance, which should assure the owner of the proper 
design and construction of the project.  The respondents also noted that design/build warranties cover 
structure and equipment, but do not cover operations or performance following acceptance.  A few 
respondents suggested that the County should consider design/build/operate if it is concerned about 
performance and cost issues following acceptance. 

3.4 Design/Bid/Operate 
Market Interest.  The Design/Build/Operate Firms expressed considerable interest in pursuing the major 
projects in the CIP on a design/build/operate basis.  Particular interest was expressed concerning pursuing 
the new plant at Roger Road on a design/build/operate basis.   
 
Advantages.  Design/Build/Operate Firms generally indicated that design/build/operate has the advantage 
of combining long-term operation guarantees (cost and performance) with the advantages discussed above 
concerning design/build.  The design/build/operate contractor serves as the single point of responsibility 
for all aspects of design, construction and operations and can achieve efficiencies in design by 
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considering both construction feasibility and operational efficiency.  The owner is not responsible for 
disputes between the designer, builder and operator.   
 
A few firms indicated that design/build/operate generally results in lower project costs and better 
outcomes than under the design/build method or other forms of alternative project delivery due to 
improved life-cycle costs, efficiencies and innovation.  Specifically, CH2M Hill responded that the 
efficiencies inherent in design/build/operate transactions provide the best opportunity to ensure that the 
lowest life-cycle project costs are obtained and that the performance guarantees that are made are met for 
the promised operating cost.  Design/build/operate can provide long-term operating cost guarantees, long-
term performance guarantees and the transference of capital maintenance on a long-term basis. 
 
Disadvantages.  Two key concerns with design/build/operate are the limited number of 
design/build/operate contractors that can pursue large projects nationally and the perceived loss of control 
by the owner.  Some respondents noted that the agreement structure can minimize the loss of control 
experienced by an owner.  Epcor’s response indicated that “well structured agreements give local 
government more control over the quality of services” through: (1) clear performance measures; (2) 
enforcement provisions and financial penalties for non-compliance; (3) government retention of policy 
and legislative power to regulate the provision of services; and (4) the separation of operations and the 
regulation of operations, which better ensures enforcement. 
 
Special Considerations – Treatment of Existing Staff.  Treatment of existing staff requires special 
considerations with respect to a design/build/operate project.  Respondents recommended that an RFP and 
a design/build/operate contract clearly specify those measures that would protect existing staff.  Severn 
Trent indicated that it typically retains existing staff and offers benefits of support from its nationwide and 
global network of operations and technical professionals.  A few firms indicated that design/build/operate 
contracts can benefit existing staff by providing advantages such as open communication between the 
operator, staff and the owner, as well as improved compensation, protection against layoffs, employee 
ownership options, improved working conditions, and career growth and advancement.   
 
Special Considerations – Long-Term Maintenance and Repairs.  The long-term nature of a 
design/build/operate transaction necessitates addressing long-term maintenance obligations in the 
design/build/operate contract.  To assure proper long-term maintenance of a facility, a facility condition 
evaluation conducted at the beginning and end of the contract term was recommended.  Likewise, a 
predetermined schedule of maintenance, repair and replacement requirements throughout the term is also 
necessary.  Respondents were split on whether they would be willing to accept a limited or even full 
transfer of capital maintenance risk.  Some respondents recommended establishing a capital replacement 
fund to cover capital maintenance and help to ensure proper maintenance of the facility.  Some 
respondents recommended periodic maintenance inspections by the County and requiring stricter 
performance standards in the final five years of the contract to help ensure proper maintenance of the 
facility throughout the term. 
 
Special Considerations – Fixed Service Fee.  A long-term contract would provide for a fixed annual 
service fee for operation of the facility, with annual adjustments based on a blend of indices used for 
adjusting various components of the service fee, such as those relating to labor and chemicals.  Electricity 
and gas rates could be paid by the County as “pass through” costs. 
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Special Considerations – Single Guarantor.  Often a design/build/operate contract is structured to provide 
performance security in the form of a “single guarantor” whereby the operator or another single firm, 
guarantees performance of the entire design/build/operate contract.  The single guarantor arrangement 
creates one point of responsibility for the project throughout the contract term.  While some respondents 
indicated that they would be willing to participate in a procurement structure of this manner, others did 
not favor the single guarantor structure.  CH2M Hill responded that the single guarantor structure 
provides a best value solution for an owner and that it would offer a single guarantor for its projects.  
Despite an acknowledgement that the “single guarantor” structure is widely used, Veolia Water indicated 
that it does not believe the single guarantor structure is viable in today’s marketplace.  Veolia Water 
instead favors the “successor guarantor” concept in which the design-builder serves as the guarantor 
through the design, construction and startup phase of the project and then subsequently at a predetermined 
time, such as one year following acceptance of the plant, the operating company assumes the obligations 
of the guarantor. 
 

4.   Project Financing 
Market Interest.  Sixteen of the respondents provided varying levels of discussion regarding private 
financing of projects in Pima County’s CIP.  Of these sixteen, eleven provided substantive comments and 
three provided a discussion that included some details related to the way in which the County could 
possibly utilize private financing. 

Of the eleven respondents that provided significant discussion on private financing, nine indicated a that 
private financing is a viable alternative to traditional public sector financing under certain conditions; one 
respondent was skeptical of the viability of private financing; and one was completely against the concept 
of private financing. 

All sixteen of the respondents that addressed the concept of private financing indicated that they had some 
experience with the concept of private financing of public assets, but only one respondent claimed to have 
successfully utilized private financing tools to fund water/wastewater assets in the United States.  

With regard to the applicability of private financing under the various project delivery options, all of the 
private financing respondents indicated that private financing was not appropriate under Design-Bid-
Build or CMAR project delivery methods and only marginally applicable under Design/Build.  All 
respondents agreed that the potential benefits of private financing could only be realized under the 
Design/Build/Operate delivery model due to the need to secure the financing with a long-term operating 
contract.  

Many of the private financing respondents also suggested that private financing was more applicable for 
those components of the Pima County CIP that allowed for a segregation of project cash flows and risks 
such as the Roger Road Water Reclamation Campus; the biogas and residuals management facilities at 
Ina Road WPCF; and the regional treatment facilities that serve the outlying areas.  

All three of the private financing respondents that provided significant detail regarding private financing 
packages indicated that the private financing package that provided the greatest potential benefits would 
involve the use of eighty-five to ninety percent private non-recourse debt and ten to fifteen percent private 
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equity.  Additionally, the private debt would be secured with a twenty- to fifty-year Design/Build/Operate 
contract that provided for the recovery of interest and return on equity through the periodic service fee. 

There was general consensus among the sixteen private financing respondents regarding the potential 
advantages and disadvantages of using private financing tools to fund projects in Pima County’s CIP.   

Advantages.   Potential advantages of private financing cited by the private financing respondents 
included:   

• Private financing provides the County an alternative if the County Board of Supervisors or the 
County constituents fail to authorize the use of traditional public financing tools; 

• Private financing would most likely not be considered a debt of the County and therefore would 
not impact the County’s capacity to issue debt for other projects; 

• Private financing could accelerate project schedules since the County would not be required to 
go through the process of seeking and gaining the approvals necessary to utilize traditional 
public financing tools; and 

• Private financing, under the right circumstances, could result in lower project life cycle costs 
assuming that the project delivery/financing model included a private operations component with 
a term of at least twenty-years and preferably forty- to fifty-years. 

Disadvantages.  Potential disadvantages of private financing cited by the private financing respondents 
included: 

• Financing costs under a private financing model would be greater due to the higher cost of capital 
associated with the use of  private financing packages comprised of private equity and taxable 
debt; and 

• Due to the fact that there are few, if any, previous transactions that could serve as precedent, the 
use of private financing would probably require the use of a number of financial 
advisors/consultants to develop a private financing transaction.  As a result, issuance/transaction 
costs would most likely be higher than they would be under a traditional public financing model. 

Special Considerations.  All of the private financing respondents indicated that a private financing 
package that involved the use of Private Activity Bonds offered the greatest potential benefits to Pima 
County.  However, all were quick to point out that under the existing rules that govern the use of Private 
Activity Bonds it was very unlikely that Private Activity Bonds would be available to fund wastewater 
projects.  It should be noted, however, that efforts are being made within various departments of the 
Federal government to reduce some of the restrictions of the use of Private Activity Bonds.  As such, if 
these efforts are successful, the use of Private Activity Bonds to fund portions of the County’s CIP may 
be an option in the future. 

  

11 
J:\Projects\Pima Co WM\05302-ROMP\06 Gen Studies-Rpts\6.1 Report\App J - EOI\EOI_Final Report_Rev1.doc 



Pima County Wastewater Management Department 

Pima County Metropolitan Wastewater Treatment System 
 Capital Improvement Program 

 

Summary of Responses to 
 Request for Expressions of Interest 

 
 

5.   Biosolids – Disposal/Biogas Utilization 
While specific submittals addressed biosolids issues only, several others offered comments on biosolids 
disposal or biogas utilization.  Remarks provided in the other submissions on this topic are included in the 
remarks below. 

5.1 Biosolids Disposal 
Market Interest.   Interest in the biosolids disposal from the Pima County wastewater facilities ranged 
from disposal of current Class B biosolids to processing and disposal of future Class A biosolids to 
innovative processing technologies.  Nine respondents stated an interest in biosolids disposal.  Four of the 
respondents had substantive comments regarding biosolids disposal by a third party.  One of those 
respondents is a major leader, Synagro, in biosolids management with more than 1,000 active accounts 
for biosolids management nationwide.  Three submittals proposed unique approaches to processing 
biosolids with one those having an innovative disposal option for small plants.   

In general, for achieving drier biosolids concentrations required of a Class A biosolids rating, respondents 
suggested or recommended heat drying technology with provisos that a market for Class A exists, and 
regulatory issues and risks are adequately addressed by Pima County.   Further, the respondents 
recommended alternative delivery approaches utilizing design/build, design/build/operate, or 
design/build/finance/operate as a means procurement.   

Advantages.  Based on the comments from the respondents there is interest in third party disposal of 
biosolids provided there are appropriate contract provisions.  Particularly, the respondents were interested 
in constructing, operating and possibly financing Class A heat drying facilities provided that an extended 
period of operations of the facilities is included in the procurement requirements.  Most respondents agree 
that a design/build or design/build/operate procurement of heat drying technology for Class A biosolids is 
an available and proven project delivery approach.    

Disadvantages.  Although there is interest in Class A biosolids, the respondents do not stated that a Class 
A biosolids market exists in Pima County, or that Class A biosolids would be a less expensive disposal 
option based on a higher value of the end product.  Therefore, without regulatory pressure to develop a 
Class A biosolids, the decision to proceed to Class A will need to be based on an economic analysis and 
Class A products market study conducted by Pima County. 

Special Considerations.   Prior to proceeding with Class A biosolids the respondents cautioned to verify 
that a market for Class A products exists and that regulatory issues and risks are fully addressed.  Several 
firms supported the centralization of solids handling and use of centrifuges for dewatering at the Ina Road 
Water Pollution Control Facility as recommended in the Regional Optimization Master Plan.  Three 
respondents offered innovative or alternative solutions for biosolids treatment and disposal.  The 
innovative and alternative solutions are largely unproven or would possibly be suitable for very small 
wastewater treatment facilities.  Lastly, Synagro expressed an interest in financing and operating the 
wastewater treatment facilities for the new Water Reclamation Campus. 

5.2 Biogas Utilization  
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Market Interest.   Seven respondents addressed collecting the renewable energy source (biogas) from the 
anaerobic digesters and producing both thermal energy for process needs and electrical power from 
generator sets.  Four of the respondents had substantive comments.  Most of the interest in the biogas 
projects was in design/build/operate or a design/build/finance/operate type projects where private capital 
could be invested.  

All respondents were supportive of generating power from biogas and scalping thermal energy for process 
use.  The respondents viewed the biogas power operation as a non-critical wastewater treatment function 
and saw it as a potential for third party operation.  As such, alternative project delivery approaches were 
considered to be appropriate for this operation, which could include operations and private financing.   

Advantages.  Based on the comments from the respondents the advantage of having the biogas power 
generation operation provided by a third party is that it is not a core business of the wastewater operation 
and the issues with upgrading existing systems and cost effective operation could shifted to others, who 
operate these type of system as a core business.  The facilities operations would be placed with others in 
turn for a guaranteed reliable power delivery provided to Pima County.  Further, there were comments 
that with biogas power generation improvements and some rate restructuring, particularly at Roger Road 
WWTP, there could be some overall power savings accrued to the County.  This would be advantageous 
time because the current electricity service power provider, Tucson Electric Power, is considering change 
to their rate structure and pricing levels in January 2009.  According to APS Energy Services: 

“Arizona design build energy savings projects (such as the one contemplated here) can be procured under 
ARS 34-455 which encourages public agencies to implement theses types of projects.   As long as the 
project is self-funding from the annual savings and the term length is 25 years or less the agency can 
define its own criteria for procurement through the request for proposals process.”        

Disadvantages. The principle disadvantage of a third party operation is the loss of control over power 
generation and the cost savings provided to the County.  With a third party operation the costs of power 
would be left to the marketplace, unless suitable power rates are negotiated with the power generator 
which factored in the “green” credits inherent in the operation.  With a third party operation the County 
would most likely be required to guarantee a minimum continuous supply of methane gas from the 
digester operations. Below the minimum gas production may cause a penalty payment to be imposed on 
the County which may negate the savings from the third party operation.    

Special Considerations.  The biogas production is a means for Pima County to reduce overall power costs 
at Ina Road WPCF.  Further there is an increasing market interest in renewable energy sources, such as 
biogas, as it relates to green credits.  This situation should be viewed as an opportunity for the County to 
obtain a favorable long term deal with a third party interest.  

6.   Alternative Technologies 
Special Considerations.  For completeness of the review of the information submitted by respondents to 
the Request for Expression of Interest, four respondents proposed alternative and innovative technologies 
for the Pima County wastewater facilities.  There was one each for wastewater treatment, sludge 
treatment, biosolids processing and biosolids disposal.  The wastewater treatment technology proposed 
was a membrane bioreactor (MBR) process that was reviewed during the Regional Optimization Master 
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Plan activities with many other technologies to achieve the future ammonia toxicity standard for Pima 
County.  While this technology can meet the future treatment requirements and has a small footprint as 
compared to others, the present worth costs of such a system is more that the recommended treatment 
technology. Therefore, it was eliminated from future considerations at the Pima County plants.  

The proposed sludge treatment system appears to be similar to a physical-chemical treatment process 
which in years past had proven to be very costly.  At this time there exists one small system in the start-up 
phase of operations in Florida that has not produced data or information to substantiate any claims offered 
in their letter of interest.  Without a proven track record of operating facilities of the size of Pima County 
facilities, this would be a very risky system to invest County resources. Therefore this system is 
eliminated from future consideration.  

The proposed biosolids processing system combines a solar drying process with indirect mechanical heat 
drying equipment to produce a Class A biosolids.  The biosolids processing begins with solar drying and 
is finished with mechanical heat drying to achieve a consistent final product.  With the solar drying 
component in the process the system is land intensive and not conducive for use at large treatment plants 
in Pima Count.  In addition, the overall system has a significant odor potential to be addressed with the 
solar drying process.  Therefore, this process is not recommended for use at the major facilities in Pima 
County.   

Lastly, a process to spray liquid biosolids on agricultural fields to grow crops to be fermented into ethanol 
was proposed.  First a number of regulatory Permits held by the County would need to be revised and 
sanctioned by the State of Arizona before proceeding with the process. Furthermore, this process is very 
land intensive and would need to be proven to be commercially viable before Pima County would be 
positioned to invest in such process. The proposal has a County buyback requirement for the ethanol at 
$3.80 per gallon. This may have applicability at very small treatment works with access to nearby 
agricultural land, but the economics would need to favorable to the County.       

In summary, each of the technologies had been evaluated during the Regional Optimization Master Plan 
development and discounted, or the technology is unproven or perhaps suitable for facilities smaller than 
those of Pima County.  None of the suggested alternatives or innovations were worthy of further 
investigations by Pima County at this time.   

7.   Application to Pima County Facilities 
Based on the aforementioned data and information from the expression of interest respondents, the 
following range of project delivery can be considered by Pima County for the projects identified in the 
Regional Optimization Master Plan. The project delivery approaches for each project are to be discussed 
further in detail before a final specific recommendation for each project element is provided.     
 

Project element       Suggested Project Delivery*
• New Water Reclamation Campus           D/B or D/B/O 
• Ina Road WPCF Upgrades and Expansion              CMAR or D/B (single step) 
• Biosolids Disposal       D/B/O or D/B/F/O 
• Biogas Utilization       D/B/O or D/B/F/O 
• Regional Facilities        CMAR, D/B. D/B/O or D/B/F/O 
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Comments on the range of project delivery approaches included that procurement would need to develop 
documents for design/build projects; and the County is not ready for third party operations, but if third 
party operations were a serious consideration, the current staff issues would need to be thoroughly 
addressed to protect their jobs and interest.  In general, it was agreed by all that there were no deal killers 
in executing any of the suggested project delivery approaches listed above. 
________________________________________ 
*  D/B      = design/build    D/B/F/O  = design/build/finance/operate  

 D/B/O  = design/build/operate  CMAR    = construction manager at risk 
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Workshop Meeting Notes  
Expression of Interest in Pima County Programs and Projects 

 
 
1.  The Expression of Interest Workshop for the Pima County Regional Optimization Master Plan 

was held on July 30, 2007.  The agenda, purpose of workshop statement and flip chart notes 
recorded during the workshop are attached at the end of the notes. In attendance were: 

 
PCWMD 
Director 

Michael Gritzuk 
Deputy Directors 

Mike Bunch 
Jackson Jenkins 
Jeff Nichols 

PCWMD Staff 
Ed Curley 
Mary Hamilton 
Michael Kostrzewski 
Ron Riska, Project Manager 
Eric Wieduwilt 

Legal 
Chuck Wesselhoff 

 

DIRECTOR OF COUNTY 
FINANCE AND RISK 
MANAGEMENT 
 Tom Burke 
 
PIMA COUNTY PROCUREMENT 
DEPARTMENT 
 John Carter 
 Terri McMahon 

Jerry Rizzo 
 
PIMA COUNTY 
ADMINISTRATION 

John Bernal 
Nannette Slusser (part time) 

 
GREELEY AND HANSEN 
PROJECT TEAM 

Jerry Bish 
Eric Petersen 
Andy Richardson 
Harold Smith 
Joe Sullivan 

 
2. Major topics of the workshop were: 
 

• Expression of Interest Workshop 
► Project Delivery  
► Project Financing  
► Biosolids Options 

Á Disposal 
Á Biogas 

► Alternative Technologies 
 

A set of handouts were provided to each attendee at the workshop.   
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3. Mike Gritzuk welcomed the attendees to the workshop and reviewed the expectations of the 
group.  The workshop will provide a detailed review of the submissions to the Request for 
Expression of Interest issued by the County in April, 2007, and list recommendations for the 
facilities identified in the Regional Optimization Master Plan.  With agreement on the 
recommendations the implementation plan for the Regional Optimization Master Plan will 
proceed to completion by October. At this point the workshop presentation and discusssion was 
invited to begin. 

 
4. Andy Richardson quickly outlined the meeting topics and purpose.  He further elaborated on his 

role as facilitator and encouraged all to participate.  The workshop objectives were to review the 
information received by the County through the request for expression of interest process and 
how the received information relates to the projects in Regional Optimization Master Plan.  In 
addition, an overview of the Regional Optimization Master Plan scope and elements were 
presented.   Critical project dates and element costs were provided for context to the comments 
offered by the expression of interest respondents.  Further, objectives of the Request for 
Expression of Interest for engaging the marketplace were presented to set the stage for the 
subsequent workshop presentations.  

 
Workshop agenda, meeting purpose, ground rules, Regional Optimization Master Plan overview, 
and Request for Expression of Interest objectives were covered on pages 1 through 8 of the 
handout. 

 
5. The twofold objective of the Request for the Expression of Interest was to invite private sector 

comments on public policy decisions, and to seek potential cost savings through market 
positioning to provide high value at least cost.   Overall twenty six (26) submittals were received 
from engineering firms, construction firms, design/build firms, design/build/operate firms, 
financial firms, biosolids disposal firms, and firms interested in biogas utilization.  Submissions 
covered the entire spectrum of requested information.  An overview of the submissions in 
response to the Request for Expression of Interest was provided by Eric Petersen.  Overarching 
comments within the submissions included:  projects would benefit from some sort of alternative 
delivery (either construction-manager-at-risk or design/build), no need to break the projects into 
small packages, and qualifications based selection was the preferred method of procurement.  
One submission by EPCOR had a particularly interesting perspective on alternative delivery 
involving value of money and pricing of risk approaches.    In general, the level of information 
provided by the submitting firms was thoughtful and of very high quality. 

 
Mike Gritzuk asked if the procurement approach outlined by EPCOR to minimize risk was in 
accord with Arizona law.  The response was yes.  Also, the EPCOR approach to private sector 
project finance is within Arizona law.   Harold Smith advised that the EPCOR approach is not 
unique.  The Lake Pleasant project for Phoenix included elements of the EPCOR approach.  
 
Comments on the respondents and general comments from the respondents are covered on pages 
8 through 14 of the handout. 

 
6. Joe Sullivan reviewed the comments received from respondents on the traditional design-bid-

build and construction-manager-at-risk procurement methods. Most firms expressed interest in 
the design-bid-build approach.  This approach is suitable for all construction projects and is well 
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understood in the engineering and construction communities.  The design-bid-build delivery 
method is successful when: project documents are accurate and complete, a quality contractor is 
obtained, and construction oversight is provided.  Most respondents indicated that alternative 
project delivery approaches are preferable due to the size and complexity of the facilities 
recommended in the Regional Optimization Master Plan.   
 
From the respondent comments construction-manager-at-risk was generally favored over design-
bid-build by construction firms, design/build companies and some engineering firms.  The value 
is that the construction manager assists in the preliminary design and the following stages of 
design to incorporate cost saving features and cost effective construction means and methods.  
Further, construction reviews, up-to-date cost estimates and fast tracking of projects (shorter 
delivery schedules) are provide throughout the design and construction process.  A guaranteed 
maximum price for the project will be developed sooner than traditional design-bid-build 
approach, and with a fuller understanding by all parties of the objectives and challenges involved.   
 
Mike Bunch asked if the construction-manager-at-risk firms could be pre-qualified or limited in 
number.  John Carter offered the County could limit the number of firms based on certain 
capabilities, but could not limit firms to just a number.  The construction-manager-at-risk firm 
could be procured under qualifications based selection under Arizona law. 
 
Comments on traditional design-bid-build and construction-manager-at-risk were covered on 
pages 14 through 17 of the handout. 

 
7. Comments from the private sector on alternative delivery methods of design/build and 

design/build/operate were presented by Eric Petersen.  Under both of these approaches the 
marriage between the designer and the contractor is voluntary, whereas under the construction-
manager-at-risk approach the owner selects the designer and then selects the construction 
manager.  This latter process may be described as a “shot-gun wedding” approach.   
 
The design/build approach is a highly collaborative process which spawns innovation and cost 
savings.  Fixed project costs are known early in the design and construction continuum.  Also, 
some project risk is transferable from the owner to the design/build team.  For example, the 
owner is not involved in disputes between designer and contractor.  This approach works best 
when project outcomes are less prescriptive and are based on goals that include measurable and 
objective criteria (encourages innovation).   
 
Ron Riska indicated that PCWMD has invested time and energy into the selection of a robust, 
high quality wastewater treatment process for the future major facilities in Pima County.  Would 
prescribing the wastewater process be detrimental to the design/build approach for these 
facilities?  The response is that PCWMD can identify the wastewater process to be used; and 
because there are enough other elements in these projects, the design/build team can be 
innovative with the other parts of the project.  Contract documents must clearly specify what 
elements need to be factored into final project outcome.  
 
Mike Gritzuk asked about the history of bid price spreads between design-bid-build and 
design/build contracts.  In general, for design-bid-build projects the spread in bid prices can be as 
high as 100 percent from the engineer’s estimate.  On design/build projects the bid price of the 
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top two bidders are usually close and the others vary from those.  Further, during the execution of 
the work under a design/build contract protests over bids are nil and change orders are nil both of 
which may have a cost implication.  
 
Single stage design/build is also known as progressive, or collaborative, or negotiated, or sole 
source design/build.  This is permissible under Arizona law as long as the negotiations for the 
project are with three firms.  The negotiations are not a competitive process, but may be suitable 
for particular projects, such as to meet n aggressive schedule.  This approach has been used in 
Pima County for the skyline project with a total construction cost of $21 to $22 million.  
Contractors are interested in this approach, because it eliminates the large development fee costs 
incurred with the traditional two step design/build selection process.  In some regards, the single 
stage design/build is similar to the construction-manager-at-risk approach where the owner has a 
role in design.    
 
Adding operations and finance into the design/build project widens the basket of duties for the 
proposing firm or team, and reduces the number of players to submit on a project scope.  It should 
be noted that design/build does not include an operations component for startup or short term 
operations before handoff to the owner.  The concept of startup and short term operations with 
design/build can be referred to as enhanced design/build.  This concept has fallen out of favor and 
is likely not to attract interest from the construction community in bidding such an arrangement.   
 
The design/build/operate approach will limit work to 3 and as many as 5 contractors which 
pursue projects nationally.  This approach provides long term operating costs and performance 
guarantees.  Benefits for the County would be lower costs and better performance.  Challenges 
are protection of assets and protection of the existing workforce.  Workforce issue would need to 
be addressed early for successful transition to this new private sector operating mode.   

 
The design/build, design/build (single step), and design/build/operate comments were covered on 
pages 18 through 25 in the handout.           
 

8. After review of the comments on project delivery approaches from the Expression on Interest 
respondents, Eric Petersen presented the general business considerations and procurement issues 
for the alternative project delivery approaches.  By all accounts proper risk allocation is key.  The 
least cost approach is to assign risks to the party that is best able to manage it.  There are many 
risks including:  condition risk, permitting risk, commodity escalation risk, process engineering 
risk, sureties influence on risk, and security of performance risk.  All of these influence the 
bottom line cost of a project.  Lowering risk will reduce overall project costs. 

 
Alternative delivery contract documents need to: clearly define the scope of work and contractual 
obligations, set measurable and achievable performance standards, include effective 
administration and communications provisions, and establish workable mechanisms for change.  
Business concerns included: stated dollar limit on liability in contract, reasonable liquidated 
damages, performance incentives, no consequential damages, protection from commodity price 
escalation, and clear start-up and testing criteria. 
 
Procurement processes for alternative delivery need to be open, fair and non-political.  The 
County procurement process should include quality based selection with open book bidding and a 
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clear set of selection criteria.  Shortlisting of three firms is required and advisable.  A notice of 
intent is a good method to alert tentative proposers of impending projects to allow for the 
formation of teams, and analysis of work load and capacity prior to the project advertisement.  
 
Business terms and risks, and procurement issues were covered on pages 25 through 29 of the 
handout. 
      

9. The market interest in project financing of public works was covered by Harold Smith. Sixteen 
respondents provided comment on financing and all suggested private activity bonds would offer 
the greatest potential benefit to the County.  Also, the respondents generally believe that 
traditional tax-exempt debt is the most cost effective means of financing the PCWMD capital 
improvements.  From the respondents private financing does not appear to be appropriate for 
design-bid-build or construction-manager-at-risk projects.  Private financing for design/build 
could work, but would be expensive.  Private financing would work with design/build/operate 
where funding is secured by long term revenues (20 to 50 years).  Some suggested private 
financing was more suitable for specialized projects, such as, biosolids disposal and biogas power 
generation. 
 
With private financing of projects costs are shifted from debt to operating costs.  This could be 
impacted by State of Arizona restrictions on spending caps.  Tom Burke indicated that the State 
of Arizona had a per capita per year expenditure increase cap, and that service costs would fall 
under expenditures and would be subject to the cap.  Ed Curley indicated that private equity is 
considered a junior level asset and is not pledged.  Private funding remains an option if the voters 
deny approval of bonds earmarked for the wastewater infrastructure improvements.  

 
Project financing was covered on pages 29 through 32 of the handout. 

 
10. The market interest in biosolids disposal was summarized by Jerry Bish.  In general, respondents 

are interested in disposal of Pima County biosolids, and supported the centralization of solids 
handling and use of centrifuges for dewatering at the Ina Road Water Pollution Control Facility 
as recommended in the regional master plan.  For achieving drier biosolids concentrations for a 
Class A biosolids rating, respondents suggested heat drying technology with the provisos that a 
market for Class A exists, and regulatory issues and risks are adequately addressed.   Further, the 
respondents recommended alternative delivery approaches utilizing design/build, 
design/build/operate, or design/build/operate/finance as a means procurement.   

 
Three respondents offered innovative or alternative solutions for biosolids treatment and disposal.  
These solutions are largely unproven and would possibly be suitable for very small wastewater 
treatment facilities. 
 
Biosolids disposal comments were covered on pages 32 and 33 of the handout 
  

11. Several respondents commented on biogas utilization at the Ina Road Water Pollution Control 
Facility.  All were supportive of generating power from biogas and scalping thermal energy for 
process use.  As summarized by Jerry Bish the respondents viewed the biogas power operation as 
a non-critical wastewater treatment function and saw it as a potential for third party operation.  As 
such, alternative project delivery approaches are appropriate for this operation, which could 
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include operations and private financing.  Mike Gritzuk offered that APS and a large biogas 
operation had expressed interest in biogas and were going to submit their response soon.  Those 
responses will be added to the body of information when received. 

 
Biogas utilization comments were covered on pages 34 and 35 of the handout. 

  
12. For completeness of review of the information submitted through the expression of interest 

process, several respondents proposed alternative and innovative technologies for the Pima 
County wastewater facilities.  There was one each for wastewater treatment, sludge treatment, 
biosolids processing and biosolids disposal.  Jerry Bish indicated that each of the technologies 
had been evaluated during the regional optimization planning process and discounted, or the 
technology was unproven or suitable for facilities smaller than those of Pima County.  None of 
the suggested alternatives or innovations were worthy of further investigations by the County at 
this time.   

 
Alternative technologies were covered on pages 35 through 37 of the handout. 

 
13. Based on the aforementioned data and information the following range of project delivery 

suggestions were offered for group comment.  The project delivery approaches for each project 
are to be discussed further in detail before a specific recommendation for each project element is 
provided.     

 
Project element         Suggested Project Delivery* 
New Water Reclamation Campus    D/B or D/B/O 

  Ina Road WPCF Upgrades and Expansion  CMAR or D/B (single step) 
  Biosolids Disposal        D/B/O or D/B/O/F 

 Biogas Utilization        D/B/O or D/B/O/F 
 Regional Facilities        CMAR, D/B. D/B/O or D/B/O/F 
 

Comments on the range of suggested project delivery approaches included that procurement 
would need to develop documents for design/build projects; and the County is not ready for third 
party operations, but if third party operations were a serious consideration, the current staff issues 
would need to be thoroughly addressed to protect their jobs and interest.  In general, it was agreed 
by all that there were no deal killers in executing any of the suggested project delivery approaches 
listed above. 

 
 _________________________ 

*  D/B         =  design/build  
  D/B/O     =  design/build/operate 
  CMAR    =  construction manager at risk 
  D/B/O/F  =  design/build/operate/finance  
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Agenda 
Expression of Interest - Workshop 

July 30, 2007 
 

Time Topic Presenter

8:15 am Health and Welfare Building, 150 W. Congress - 4th Floor Training Room 

8:30 am Opening Session 
• Welcoming Remarks     
• Review Agenda   
• Workshop Purpose 

Mike Gritzuk

Andy Richardson

8:35 am Expression of Interest Process  Andy Richardson

8:45 am Project Delivery Eric Petersen

8:55 am Traditional Design – Bid – Build  Eric Petersen/Joe Sullivan

9:00 am Construction Manager @ Risk          Eric Petersen/Joe Sullivan

9:30 am Design - Build  Eric Petersen/Joe Sullivan

10:00 am Design - Build – Operate  Eric Petersen/Joe Sullivan

10:20 am General Business Considerations Eric Petersen

10:30 am Procurement Terms Eric Petersen

10:35 am Break 

10:50 am Project Financing  Harold Smith

11:25 am Biosolids 

• Disposal 
• Bio-Gas / Bio-Power 

Jerry Bish

11:40 am Alternative technologies  Jerry  Bish

11:50 am Summary Wrap-Up  
• Comments by Group 
• Closing Remarks  

Andy Richardson 

Mike Gritzuk

12:00 pm Adjourn 
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Purpose of Workshop 
Review and discuss the project delivery methods available to the County for the implementation of the 
Regional Optimization Master Plan (ROMP) facilities based on the submittals received from more than 25 
respondents to the County's Request for Expressions of Interest.  Presentations will address the 
submittals, the respondents, the depth of market interest in each delivery method, commentary from the 
respondents on which method is appropriate for each project, pros and cons of the various delivery 
methods from the contractors' standpoint, market views on how best to structure each procurement, and 
the potential for private project financing for some of the facilities. 

 

 Flip Chart Notes – July 30, 2007 
 
Comments and Questions 

• Think about how public/private firms would relate to rates and time factor 
• EPCOR doable AZ law & public firm 
• DBB – Can do some prequalification 
• First step – DB County has possible $20 million level 
 

Recap - What we heard this morning? 
• Tom Burke comments on CAP 
• Procurement ok with methods discussed 
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Workshop Meeting Notes  
Expression of Interest in Pima County Programs and Projects – Part 2 

(ROMP Implementation Plan) 
 
 

1. Part 2 of the Expression of Interest Workshop for the Pima County Regional Optimization Master 
Plan (ROMP) was held on the afternoon of July 30, 2007.  This workshop applied the data and 
information presented in the morning workshop to the identified ROMP projects.  Comments and 
suggestions to be used by the project team were recorded on flip charts.  The recorded items are 
attached at the end of the notes.     

 
In attendance were: 

 
PCWMD 
Director 

Michael Gritzuk 
Deputy Directors 

Mike Bunch 
Jackson Jenkins 
Jeff Nichols 

PCWMD Staff 
Ed Curley 
Mary Hamilton 
Michael Kostrzewski 
Ron Riska, Project Manager 
Mandley Rust 
Eric Wieduwilt 
 

 
GREELEY AND HANSEN 
PROJECT TEAM 

Jerry Bish 
Bart Kreps 
Eric Petersen 
Andy Richardson 
Harold Smith 
Joe Sullivan 
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14. Major topics of the ROMP Implementation Plan workshop were: 
 

• Expression of Interest (ROMP Implementation Plan) Workshop 
► Funding Source and Rate Impacts Discussion  
► Implementation Schedule 
► Santa Cruz Interceptor Phase IV 
► Water Reclamation Campus 
► Electrical Service modifications 
► Ancillary Projects 
► Regional Facilities  

 
A set of handouts, entitled ROMP Implementation Plan, were provided to each attendee at the 
workshop.   

 
15. Mike Gritzuk welcomed the attendees to the continuation of the morning workshop on the 

Expressions of Interest from the marketplace and how that information applies to the specific 
ROMP projects.  At this point the workshop presentation was invited to begin. 

 
16. Andy Richardson quickly outlined the meeting agenda, purpose and objective.  The meeting 

purpose was: 
 

Á Review and discuss private project financing and rate impacts for some of the facilities. 
Á Review and discuss the project delivery methods available to the County for the 

implementation of the Regional Optimization Master Plan (ROMP) facilities based on the 
County's Request for Expressions of Interest information.  Address which method is 
appropriate for each project, and pros and cons of the various delivery methods.  

 
The objective of the afternoon workshop activities was to identify number of ROMP projects and 
the appropriate project delivery approach for each.  Attendees were reminded to participate fully. 
 
The agenda and workshop purpose were covered on page 2 of the handout. 

 
17. The project funding issues for the ROMP elements were reviewed by Harold Smith.  Funding for 

the major treatment works construction will be traditional public debt financing, unless there is 
consideration for long term operations included in the scope of work.  Public financing provides 
the best value for money and therefore the least cost to the County.  Projects like the biosolids 
disposal and biogas utilization are subject to a different financing plan depending on the chosen 
approach to implementation.  For these public-private partnerships may be possible with the use 
of private financing. 

 
18. Implementation details for the Regional Optimization Master Plan project elements were 

reviewed by Jerry Bish.  The Santa Cruz Interceptor Phase IV (plant interconnect pipeline), new 
Water Reclamation Campus, Ina Road WPCF upgrades  and expansion, Electrical service 
modifications, ancillary projects and regional wastewater facilities are included under the project 
elements.  Critical project dates, project elements, phasing, and individual project element 
schedules were outlined for discussion by the group.  The suggested project delivery approaches 
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for each project element was carried over from the morning workshop session for further 
discussion.  The objective was to further narrow the possible project delivery approaches for each 
element to a specific one or two.  

 
The ROMP implementation details including a summary scope and schedule of each project 
element were covered on pages 4 through 18 of the handout.   

 
19. The Santa Cruz Interceptor Phase IV work is underway.  The project delivery approach had been 

chosen by PCWMD as construction-manager-at-risk (CMAR) and the design engineer was 
selected. The solicitation for the construction management firm was underway at the time of the 
workshop.  In addition, the project manager for the work has been selected.  The remaining 
project need will be the addition of a construction manager when the project advances to that 
stage.     

 
20. The new Water Reclamation Campus will be constructed as a single phase 32 mgd facility.  

Demolition of the existing Roger Road WWTP will be performed under a separate contract.  The 
phases of work and recommended project delivery are shown below. 
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   New Water Reclamation Campus 

- Scope Start Complete Recommended 
Project Delivery 

1 
Engineering –  
32-mgd Facility (includes 
power feeds/standby power)

2007/08 2010 
Professional 

2 Construct –  
32-mgd Facility 2011 2015 CMAR or single step D/B 

3 Engineering – Demolition 
Existing Facilities 2014 2015 Professional 

4 Demolition –  
Existing Facilities 2015 2017 D-B-B 

(Design Bid Build) 
  

 
21. The Ina Road WPCF upgrades and expansion will be designed under one contract and 

constructed in phases.   Phases of work and recommended project delivery are summarized 
below. 

 
Ina Road WPCF Upgrades and Expansion 

Phase Scope Start Complete Recommended 
Project Delivery 

1 

Engineering – 50-mgd + 
Biosolids + Future Biosolids 
(Class B) 

 New 12.5 mgd NdeN 
 Rehab BNRAS 
 New 25 mgd NdeN 

(HPO replacement 
 Biosolids handling and 

treatment 
 Interim sludge 

facilities 

2007/08 2010 Professional 

2 

Construct – 50-mgd Facility 
 New 12.5 mgd NdeN 
 Rehab BNRAS 
 New 25 mgd NdeN 

(HPO replacement) 
 Construct – Biosolids 

Facilities 
 Interim Sludge 

Facilities (one digester 
and GBF) 

2010 
 
 
 
 

2009 

2014 
 
 
 
 

2011 

CMAR 
 
 
 
 

CMAR 

3 Construct  - Biosolids 
Facilities (future) 2017 2020 D-B-B 

4 Engineering/Construct – Class After 2020 After 2020 D/B/O or D/B/O/F 
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A Biosolids 
 D/B/O – Design Build Operate 
 D/B/O/F – Design Build Operate Finance 
 

22. Electrical Service Modifications included work at the new Water Reclamation Campus and at Ina 
Road WWTP.  The decision was made to have the electrical service with the new campus include 
with the construction of the facilities and to have the work passed accordingly.  The Ina Road 
WPCF power unification would occur under a separate contract from the other project work at 
Ina Road WPCF.  Lastly, the biogas power generation would be given further consideration as a 
candidate for third party operations.  The phases of work for electrical service modifications and 
recommended project delivery are summarized below.  

 
Electrical Service Modifications 

Phase Scope Start Complete Recommended 
Project Delivery 

1 
Engineering – Ina Road 
WPCF Power Unification 
Modifications 

2008 2009 Professional 

2 
Construct – Ina Road 
WPCF  Power Unification 
Facilities 

2010 2011 D-B-B 

3 Construct – Biogas Power 
Generation Facilities 2012 2014 D/B/O or D/B/O/F 

 
 
23. Ancillary Projects included the interim sludge facilities at Ina Road WPCF, central laboratory, 

PCWMD general administration facilities, and instrumentation and control.  The interim sludge 
facilities at Ina Road WPCF are permanent facilities that need to be online once the interconnect 
pipeline is constructed to accommodate additional sludge processing needs at the plant. This work 
is to be included with the other project work at Ina Road WPCF, but will be identified as a project 
for early construction at the site. 

 
The central laboratory was recognized as special work and would remain as a separate contract 
for design and construction.  The general administration facilities were not viewed as special 
work and are to be included in the new Water Reclamation Campus work.  
 
Instrumentation and controls is another specialized area of work.  There was discussion about this 
being a separate contract including the work at Ina Road WPCF and the new Water Reclamation 
Campus, but a final resolution was not achieved.  More discussion within PCMWD will be 
required before a final direction is provided.     
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Ancillary Projects 

Phase Scope Start Complete Recommended 
Project Delivery 

1 Architectural Services – 
Central Laboratory  2007 2010 Professional 

2 Construct – Central 
Laboratory 2011 2013 CMAR 

3 Engineering - Instrumentation 
& Control 2008 2009 * 

4 Construct – I&C 2010 2012 * 

 * Undecided at this time 
 
24. Project delivery approaches for the regional facilities were quickly mentioned at the meeting.  It 

was generally agreed that the expansion projects would be CMAR.  It was as further suggested 
that the Southlands could be D/B or D/B/O for the first phase.  It is noted that existing Arivaca 
Junction, Pima County Fairgrounds and Vista Rillito facilities will be phased out of operation 
over time.  Further, it is possible that Mt.Lemmon WWTP may be expanded based on studies 
underway.  Expansion of that facility is to be determined (TBD).  The recommended project 
delivery approaches for the regional facilities expansions should be revisited prior to finalization.  
 
Regional Facilities 

No. Facility Expand 1 Expand 2 Expand 3 Expand 4 Recommended 
Project Delivery 

1 Arivaca Junction - - - - No expansions 

2 Avra Valley 2006 / 2007 2008 / 2009 - - CMAR 

3 Corona de 
Tucson 

2006 / 2007 2018 / 2019 2027 / 2028 - CMAR 

4 Southlands 2009/2010 2010 / 2011 2012 / 2013 2014 / 2015 D/B, D/B/O, CMAR

5 Green Valley 2011 / 2012  - - CMAR 

6 Marana 2006 / 2007 2008 / 2009 2018 / 2019 2027 / 2028 CMAR 

7 Mt. Lemmon TBD - - - Possible expansion

8 PC Fairgrounds - - - - No expansions 

9 Rillito Vista - - - - No expansions 
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25. Andy Richardson summarized the number of ROMP projects derived from the workshop 
discussions as presented in the above tables.  It was noted that contracts for project management 
and construction management services were generally not included in the above listings.   

 

Flip Chart Notes – July 30, 2007 
 
Objectives for this afternoon 

• Number of projects 
• How delivered 
 

Roger Road Contracts 
• Prepare D/B documents 
• One D/B contract for 32 mgd facility.  
• Demolition contract later 
• Look at O when preparing D/B documents 
 

Projects 
• New Water Reclamation Campus – Method D/B or possibly D/B/O 

o One contract for 32 mgd facilities 
• Ina Road WPCF – Method CMAR or D/B (single step) 
• Biosolids disposal/class “A” – Method D/B/O or D/B/O/F 
• Biogas  - Method D/B/O or D/B/O/F 

o Move up dates 
o 2010 & 2011 – overall plant 

• Regional facilities – Method D/B or CMAR or D/B/O/F 
 

Ina Road Projects 
• 1 designer @ CMAR for entire Ina Road WPCF work 
• Phase 2 & 3 scope CMAR 
• Phase 4 (later) – move forward 
• 4 Contracts 

o CMAR design services 
o CMAR project management services 
o CMAR construction 
o CMAR construction management services 
 

Electrical Service Modifications 
• Put Phase 1 into water campus project – have this phased 
• Put Phases 3 & 4 into Ina Road design contract for MCC 
• Link HPO electrical into power grid 
• Separate project for power upgrade 
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Ancillary Project 
• Lab separate from D/B construction work 
Move Administration into new Water Reclamation Campus 



1

Pima County Wastewater 
Management Department
Tucson, Arizona

Pima County Wastewater 
Management Department
Tucson, Arizona

Expression of Interest Workshop

July 30, 2007

2

Agenda

Introduction
Project Delivery
Project Financing
Biosolids
Á Biosolids Disposal
Á Biogas 

Alternative Technologies
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3

Purpose of Workshop
Review and discuss project delivery methods 
available to the County for implementation of the 
Regional Optimization Master Plan (ROMP) facilities
Based on Submittals received from 26 respondents to 
the County's Request for Expressions of Interest.
Address: 
Á submittals, respondents, depth of market interest
Á commentary on which delivery method is appropriate for each project
Á pros / cons of various delivery methods from contractors' standpoint
Á market views on how best to structure each procurement 
Á potential for private project financing for some of the facilities

4

Groundrules

Listen attentively and respectfully to others
Everyone must participate fully to the extent of 
their expertise
Understanding is our objective, but consensus 
is not required
We agree to speak up honestly and with candor
Disagreements are with opinions or issues, and 
have basis in fact, not with personalities
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5

Role of Facilitator
Remain neutral and objective
Expedite adherence to agenda and schedule
Negotiate changes in agenda, schedule, or 
procedure
Ensure an equal opportunity to be heard
Keep group focused on discussion as planned
Manage discussion, sequence speakers, and 
exercise leadership

Pima County Wastewater 
Management Department
Tucson, Arizona

Introduction  - ROMP & 
Expression of Interest Process

Andy Richardson
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7

ROMP Scope 

Develop the optimal treatment process and 
plan to comply with regulatory requirements to 
reduce total nitrogen concentrations in 
discharged effluent
Master plan addresses foreseeable future 
regulatory requirements
Determine the long-term capacity needs of the 
County metropolitan facilities, conveyance 
system and outlying growth areas

8

ROMP Scope, cont.

Develop long-term plan for treatment, handling 
and beneficial use of bio-solids and bio-gas
Develop a detailed implementation schedule to 
meet regulatory implementation deadlines and 
optimization master plan
Develop a financial plan to support the 
system’s regulatory and other needs for the 
next fifteen years
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9

Regulatory Implementation Requirements 
to Reduce Total Nitrogen Concentrations

Ina Road WPCF Roger Road WWTP

Complete initial engineering study
Provide recommendation for 
upgrading treatment plants
Submitted recommended plan letter 
to ADEQ  on January 26, 2007

February 1, 2007 January 30, 2007

Award contract for construction December 31, 2010 January 30, 2011

Treat plant effluent to non-toxic 
nitrogen levels

January 30, 2014 January 30, 2015

10

Selected ROMP Plan

Construct new 32 mgd Water Reclamation 
Campus (adjacent to Roger Road WWTP)
Expand Ina Road WPCF to 50 mgd
Plant Interconnect – 28 mgd average flow
Decommission existing 41 mgd Roger 
Road WWTP
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Water Reclamation Campus –
New 32-mgd Facility

New Water 
Reclamation 

Campus

Existing 
Roger Road 

WWTP

12

Ina Road WPCF

Expand treatment capacity to 50 mgd
Á Requires 12.5 mgd expansion and significant retrofit of 

existing facilities
Á Most cost-effective utilization of existing headworks 

capacity of 50 mgd
Centralized biosolids processing and handling
Á Reduces overall cost
Á Provides for bio-gas operations / utilization at one location
Á Provides one point of distribution of final product
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50-mgd Ina Road WPCF

Existing and New Ina Road WPCF
Approximately 160 acres

Future Facilities
Approximately 185 acres

14

ROMP Cost Estimate (2006 dollars)
Roger Road Greenfield 32 mgd

Ina Road 50 mgd

Ina Road Treatment Plant $243,900,000

Plant Interconnect $22,300,000

Water Reclamation Campus $211,000,000

Electrical Upgrades $35,000,000

Reclaimed Water Return $270,000

Roger Road WWTP Demolition $23,800,000

Total Construction Cost $536,270,000
Cost estimate includes 5% contingency
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Project Sequence
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Design / Approval Construction Acceptance / Startup Testing

INTERCONNECT

New WRC 32 mgd

Demolish existing Roger Road plant

?INA WPCF 50 mgd
(Mesophillic Digestion)

1 Year
Ina Road WDCF

Power Unification

Ina Road Interim
Sludge Facilities

Central Laboratory

Pima County Wastewater 
Management Department
Tucson, Arizona

Request for Expression of 
Interest 
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RFEI - Objectives

Engage the Marketplace
Á Solicit and receive private sector 

comments to inform public policy 
decisions
Á Gather perspectives from interested 

parties’ on project delivery, private 
financing and related matters

18

RFEI – Objectives, cont.

Seek Potential Cost Savings 
Á Evaluate ability to provide cost savings 

based on current market conditions
Á Gain knowledge from market on how best to 

position ROMP projects for highest value at 
lowest costs
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RFEI - Schedule

RFEI posted April 23, 2007   
Pre-submittal meeting May 23, 2007
Submittals June 22, 2007
After receipt of submittals 
Á Review Submittals
Á Assess ROMP report impacts

Workshop July 30, 2007

20

RFEI – Types of Projects

Proposed Projects
Á New Water Reclamation Campus
Á Ina Road WPCF Expansion/Upgrade  
Á Biosolids Disposal Services
Á Biogas/Power Facilities
Á Regional Facilities
Á Innovative / Alternative 
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RFEI – Procurement Approaches

Alternative Project Delivery Methods
Á Design - Bid - Build
Á Construction Manager at Risk
Á Design / Build and Related Project 

Delivery Methods
Á Design / Build / Operate

22

RFEI Content

Private Project Financing 
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Pima County Wastewater 
Management Department
Tucson, Arizona

Project Delivery

Eric Petersen / Joe Sullivan

Hawkins
Delafield & Wood LLP

Pima County Wastewater 
Management Department
Tucson, Arizona

26 Respondents

Hawkins
Delafield & Wood LLP
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25

Engineering Firms

Á Brown and Caldwell
Á Carollo
Á Kennedy Jenks
Á Malcolm Pirnie

Hawkins
Delafield & Wood LLP

26

Construction Firms

Á Kiewit
Á McCarthy
Á Mortenson
Á Sundt
Á Western Summit

Hawkins
Delafield & Wood LLP



14

27

Á AMEC Infrastructure
Á Black & Veatch
Á MWH
Á Parsons

Design-Build Firms

Hawkins
Delafield & Wood LLP

28

Design-Build-Operate Firms

Á CH2M Hill
Á EPCOR/Stantec/PCL
Á GE Water and Process Technologies
Á PCL
Á Severn Trent
Á Veolia

Hawkins
Delafield & Wood LLP
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Á Goldman Sachs
Á Lehman Brothers

Financial Firms

Hawkins
Delafield & Wood LLP

30

Biosolids Firms

Á Synagro
Á Fenton
Á Bio Chem
Á Sweet Ethanol
Á Comments by others

Hawkins
Delafield & Wood LLP
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Á NZ Legacy
Á Comments by others

Biogas Power Firms

Hawkins
Delafield & Wood LLP

32

Providers of the Most 
Comprehensive Responses

Á Black & Veatch (D/B)
Á CH2M Hill (D/B, D/B/O)
Á EPCOR (D/B/O, DBFO)
Á Lehman Brothers (DBFO)
Á Parsons (D/B)
Á Veolia (D/B/O)

Hawkins
Delafield & Wood LLP
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Some Non-Respondents
Á Responses were not required as a condition to future 

participation
Á Some non-respondents:
Á American Water
Á Southwest Water
Á Tucson Electric Power
Á Other engineering firms
Á Other construction firms

Á May nonetheless propose

Hawkins
Delafield & Wood LLP

34

Overall Comments (1)
Á Most said all projects would benefit from 

some form of alternative delivery
Á Engineering, construction and D/B firms 

favored CMAR or D/B
Á D/B firms split on whether they would 

participate in a D/B/O
Á Each would participate in all 5 projects if:
Á Their preferred delivery method was chosen
Á RFQ and RFP are properly structured

Hawkins
Delafield & Wood LLP
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Overall Comments (2)
Á No need to break up large projects into smaller 

packages
Á Efficiency and economy could be sacrificed
Á Pre-procurement one-on-one meetings between 

County and potential contractors are valuable
Á During procurement, schedule one-on-one 

meetings on technical issues
Á Qualifications-based selections are preferred
Á An honorarium is not a major factor in decision to 

propose unless very substantial
Hawkins

Delafield & Wood LLP

36

Overall Comments (3)
Á Seek to minimize protracted procurement 

processes
Á Decide financing approach before RFP is 

issued
Á In D/B/O, describe parameters of the “net 

present value” calculation of D/B/O price
Á Solicit input directly from sureties and 

insurance companies

Hawkins
Delafield & Wood LLP



19

37

Projects of Interest (1)
Á Water Reclamation Campus:
Á All construction firms; all D/B firms; all D/B/O 

firms
Á Ina Road WPCF:
Á All construction firms; all D/B firms; all D/B/O 

firms
Á Biosolids Disposal:
Á 1/5 construction firms; all D/B firms; 5/6 D/B/O 

firms

38

Projects of Interest (2)
Á Biogas Power:
Á All D/B firms; 4/6 D/B/O firms

Á Outlying Facilities:
Á 2/5 construction firms; all D/B firms; 5/6 D/B/O 

firms
Á Interest in particular projects depends 

on how they are packaged and 
procured 
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Alternative Delivery Works Best 
Where Projects:
Á Are schedule-sensitive
Á Are relatively complex
Á Cost more than $10 million
Á Have a variety of technical solutions
Á Require long term performance assurances
Á County is concerned with life-cycle costs
Á Can benefit from risk sharing
Á Involve “greenfield facilities”

Hawkins
Delafield & Wood LLP

40

A Canadian Perspective on 
Alternative Delivery

Á EPCOR Utilities, Inc.
Á Value for money
Á Pricing risk
Á Multiple criteria analysis

Hawkins
Delafield & Wood LLP



21

Pima County Wastewater 
Management Department
Tucson, Arizona

Traditional Design-Bid-Build 
(D-B-B)

Hawkins
Delafield & Wood LLP
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Market Interest in D-B-B
Á Most engineering, construction and D/B 

firms expressed interest in D-B-B
Á Most said D-B-B is suitable for all 

facilities
Á D-B-B is well known and understood
Á Most said alternative methods are 

preferable for all facilities due to 
complexity and size of projects

Hawkins
Delafield & Wood LLP
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D-B-B and Engineering Firms
Á Engineering firms recommended D-B-B or CMAR
Á D-B-B provides most control over cost and quality
Á D-B-B successful when:
Á Design documents are accurate and complete
Á A quality contractor is obtained
Á County procures experienced construction 

oversight
Á But D-B-B prevents collaboration with construction 

firms

Hawkins
Delafield & Wood LLP

Pima County Wastewater 
Management Department
Tucson, Arizona

Construction Manager at Risk 
(CMAR)

Hawkins
Delafield & Wood LLP
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General Comments

Á CMAR generally favored over D-B-B by 
the D/B firms, construction firms, and 
some engineering firms
Á Important to have CM assist with 

preliminary design
Á Engage CM concurrently with engineer 

or by 30% design stage; no later than 
60% stage

Hawkins
Delafield & Wood LLP
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CMAR Services (1)

Á Constructability reviews of the design
Á Cost estimating
Á Value engineering throughout design
Á Project management (procurement, 

construction, start-up, commissioning)
Á Quality assurance
Á Safety

Hawkins
Delafield & Wood LLP
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CMAR Services (2)

Á Procure long lead time items
Á Permitting assistance
Á Self perform work
Á Fast track bid packages
Á Responsible for quality of construction 

and conformance with design 
specifications

Hawkins
Delafield & Wood LLP
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CMAR Advantages (1)

Á Qualifications-based selection of CM
Á Transfer of pricing risk through GMP
Á Construction can begin before design 

is 100% complete
Á Shorter delivery schedule, earlier price 

certainty than D-B-B

Hawkins
Delafield & Wood LLP
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CMAR Advantages (2)

Á Cost savings from constructability 
review and schedule optimization
Á Competitive bid process retained
Á Strong team relationship between 

parties
Á Non-adversarial partnering of CM with 

owner, engineer

Hawkins
Delafield & Wood LLP

50

Guaranteed Maximum Price (GMP)

Á Fix anywhere between 20-100% design
Á Fixing at 60-90% is common
Á Earlier fixing results in higher contingencies
Á Consider shared savings as against GMP
Á Specify assumptions
Á Base contingency on unknowns, not a 

certain percentage of GMP

Hawkins
Delafield & Wood LLP
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CMAR Disadvantages

Á Risk of design liability and project performance not 
transferred

Á Schedule, cost savings, and risk transfer small in 
comparison to D/B, D/B/O

Á Owner in middle of designer and contractor for 
resolving disputes

Á Owner still primarily responsible for project 
outcomes and performance

Á “Sticker shock” often occurs when GMP is set late

Hawkins
Delafield & Wood LLP

Pima County Wastewater 
Management Department
Tucson, Arizona

Design-Build (D/B)

Hawkins
Delafield & Wood LLP
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D/B Advantages
Á D/B strikes balance between goals of:

Á Well built, high quality project, and
Á Opportunity for competitive, innovative proposals

Á D/B is likely (relative to D-B-B, CMAR) to:
Á Shorten project delivery schedule
Á Reduce project costs
Á Transfer risks

Á D/B & D/B/O Firms: D/B is superior to D-B-B, CMAR

Hawkins
Delafield & Wood LLP
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D/B Advantages (2)
Á Price known (fixed) at 30% design stage 

for basic intent w/o owner changes 
Á Single source guarantee of price, 

schedule, performance
Á Owner removed from potential disputes 

between engineer and contractor 
Á Contractor responsible for project 

outcomes and performance
Hawkins

Delafield & Wood LLP
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Works Best When:
Á Owner is comfortable with performance-

based solutions
Á D/B contractor can innovate to reduce cost 

and manage its risk
Á Project definition is clear
Á Little chance of unforeseen circumstances
Á No expected owner change orders after 

construction begins

Hawkins
Delafield & Wood LLP
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General Observations
Á Sureties play a key role, and insist on 

reasonable risk allocation
Á Adding operations and financing to D/B 

diminishes number of potential participants
Á Need to assure quality control, given the 

flexibility in design
Á County should be open to other 

technologies if performance is guaranteed

Hawkins
Delafield & Wood LLP
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“Best Value” Selection
Á Capital cost price
Á Non-price factors
Á Financial stability
Á Personnel qualifications
Á Company experience
Á Technical solution proposed
Á Business terms and conditions

Hawkins
Delafield & Wood LLP
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Design Requirements and 
Performance Guarantees

Á Base them on goals for each project 
Á Include measurable, objective criteria
Á Utilize performance-based requirements
Á Include owner’s preferred equipment 

and process specifications
Á State acceptable processes or 

technologies
Hawkins

Delafield & Wood LLP
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D/B and Initial Operations
Á Firms generally will not accept any 

responsibility for short term operations after 
project acceptance
Á Warranties typically cover structures and 

equipment, not operations or performance
Á D/B/O covers operations, but the operations 

term must be medium or long term

Hawkins
Delafield & Wood LLP

Pima County Wastewater 
Management Department
Tucson, Arizona

Single Step Design Build 
(D/B)

Hawkins
Delafield & Wood LLP
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Single Step D/B (1)
Á Recommended by major D/B Firms
Á Also known as “progressive”, “collaborative”, 

“negotiated” or “sole source” D/B
Á 3 pre-qualified firms
Á Can be integrated D/B firms, or 

engineering/construction JV
Á Best qualified firm selected to negotiate a design 

contract
Á May or may not lead to a D/B contract 

Hawkins
Delafield & Wood LLP
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Single Step D/B (2)
Á Owner, owner’s representative and selected 

firm collaborate on design
Á Selected firm is paid currently for design
Á At 50-60% completed design, owner and firm 

negotiate a D/B contract
Á If parties cannot agree on a D/B contract, 

firm completes design and project is done 
using D-B-B

Hawkins
Delafield & Wood LLP
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Single Step D/B (3)
Á If D/B contract is executed, firm self-

performs 10-20% of work
Á Remaining 80-90% is bid-out 

competitively
Á Firm’s fee for remaining design and 

self-perform work is sole-source 
negotiated

Hawkins
Delafield & Wood LLP
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Single Step D/B (4)
Á Potential advantages

Á Saves proposers the high cost of 
proposal preparation

Á Owner participates in design more 
extensively

Á Collaborative process between parties
Á Owner flexibility

Hawkins
Delafield & Wood LLP
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Single Step D/B (5)

Á Potential drawbacks
Á No precedent in Arizona
Á No competition for self-performed 

work
Á Owner may retain “design liability”, 

despite purported transfer, due to 
extensive role in design

Hawkins
Delafield & Wood LLP

Pima County Wastewater 
Management Department
Tucson, Arizona

Design Build Operate 
(D/B/O)

Hawkins
Delafield & Wood LLP
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D/B/O Generally
Á D/B comments apply to D/B/O as well
Á Limited number (4-5) of D/B/O contractors 

that can pursue large projects nationally
Á D/B/O firms asserted projects costs lower, 

outcomes better than D-B-B
Á Some preferred DBFO, DBFOO due to 

improved life-cycle costs, innovation

Hawkins
Delafield & Wood LLP
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D/B/O Advantages
Á Long term operating cost guarantee
Á Long term performance guarantee
Á Long term capital maintains risk 

transferred
Á Owner not responsible for disputes 

between designer, builder, operator

Hawkins
Delafield & Wood LLP
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D/B/O and Existing Staff
Á Workforce protection measures must be clearly stated 

in RFP and D/B/O contract
Á D/B/O contract operations may result in increased 

operating efficiencies and cost savings
Á Protection of existing staff occurs through:
Á Open communication
Á Protection against layoffs
Á Improved compensation
Á Employee ownership
Á Improved working conditions
Á Career advancement opportunity

Hawkins
Delafield & Wood LLP
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Assuring Proper Long Term 
Maintenance
Á Facility condition evaluation at start and at end
Á Condition requirements at end
Á Scheduled repairs and replacements during term
Á Capital replacement fund
Á Periodic maintenance inspections
Á Limited or full transfer of capital maintenance risk
Á More onerous performance standards in last 5 years

Hawkins
Delafield & Wood LLP
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Service Fee Structure
Á Fixed annual service fee
Á Annual adjustments based on 

basket of indexes
Á Indexes reflect cost components 

such as labor and chemicals
Á Electricity and gas rates “passed 

through”
Hawkins

Delafield & Wood LLP
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Security for Performance –
“Single Guarantor”
Á Common practice
Á Operating service company guarantees all 

design, construction, and operation 
obligations
Á One point of responsibility
Á Some said single guarantor is best structure
Á One said single guarantor is not viable in 

today’s marketplace
Hawkins

Delafield & Wood LLP
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Security for Performance –
“Successor Guarantor”
Á D/B contractor guarantees performance until 

project acceptance
Á Operating contractor then guarantees 

operations and performance
Á Some willingness to help develop a 

workable structure
Á No precedents
Á May or may not expand number of potential 

D/B/O respondents

Hawkins
Delafield & Wood LLP

Pima County Wastewater 
Management Department
Tucson, Arizona

General Business Considerations 
for Alternative Project Delivery

Hawkins
Delafield & Wood LLP

Eric Petersen
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Business Terms
Á Proper risk allocation is key 
Á A few prefer “standard” forms (industry prepared)
Á Allocate risk to party best able to manage it
Á Clearly define the work scope and contractual 

obligations
Á Set measurable and achievable performance 

standards
Á Include effective project administration and 

communication provisions
Á Establish workable mechanisms for future changes

Hawkins
Delafield & Wood LLP
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County Retained Risks

Á Subsurface conditions
Á Site contamination
Á Change in law and regulations
Á Land and easement acquisition 
Á Material cost escalation

Hawkins
Delafield & Wood LLP
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Limited Loss of Control under 
Alternative Delivery
Á Some loss of control in D/B, D/B/O over specific 

technical approaches and specifications
Á Project definition and workscope assures best 

control
Á Also handle contractually by proper risk allocation
Á Design and construction oversight is important
Á CMAR and single-step D/B offer more control by 

joint development of design and technologies
Á Level of innovation is inversely proportional to 

level of specification

Hawkins
Delafield & Wood LLP
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Key Business Concerns
Á Contract must have a stated dollar limit on liability
Á Reasonable liquidated damages
Á Performance incentives
Á No consequential damages
Á Mutual indemnification
Á Well-defined influent parameters and effluent 

standards
Á Protection from commodity price escalation
Á Clear start-up and testing criteria

Hawkins
Delafield & Wood LLP
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Ina Road Upgrade Challenges 
– “Condition Risk”
Á Availability and reliability of as-built documents
Á Availability of operating data and maintenance
Á Unknown remaining equipment life
Á Continued operations during the upgrades
Á Need for extensive interaction among parties
Á Varied views on whether D/B, CMAR or D-B-B is 

best suited for upgrades
Á Varied degrees of willingness to assume 

“condition risk”

Hawkins
Delafield & Wood LLP
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Permitting Risk
Á Broad range of willingness to assume
Á Some object unless permitting 

problems are due to contractor fault
Á Others will accept this risk unless 

problems are caused by agency 
responsiveness
Á Many are willing generally to risk the 

permitability of their design
Hawkins

Delafield & Wood LLP
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Commodity Price Risk
Á Risk of fluctuations in steel, concrete, 

copper, fuel and other commodities
Á Most believe that the lump-sum D/B price 

can be adjusted for commodity price risk 
using indexes
Á Some question this and urge “open book”

pricing
Á Others state risk can be “hedged” by 

contractor locking in prices at proposal date

Hawkins
Delafield & Wood LLP
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“Sureties” Influence
Á Sureties consider design-build projects high 

risk
Á Projects involving “process engineering 

risk” are more difficult to bond today
Á Significant surety involvement in business 

terms
Á Concerns reflect the “design liability” the 

sureties are bonding against

Hawkins
Delafield & Wood LLP
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Security for Performance
Á Performance bonds (cover construction and 

process performance)
Á Parent company guaranty, where 

contracting company is a subsidiary or has 
weak credit
Á Letter of credit
Á Requiring all 3 may discourage participation
Á Professional liability insurance in D/B 

contracts
Hawkins

Delafield & Wood LLP

Pima County Wastewater 
Management Department
Tucson, Arizona

Procurement Process

Hawkins
Delafield & Wood LLP

Eric Petersen
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General Procurement Process 
Advice
Á Open, fair, non-political
Á Consider QBS process, with open-book 

bidding
Á Short listing 3 firms is required and 

advisable
Á Avoid protracted, costly processes
Á Use clear selection criteria
Á Knowledgeable selection committee

Hawkins
Delafield & Wood LLP
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Procurement Schedule
Á Issue a notice of intent in order to alert 

proposers
Á Gain environmental clearances
Á For responding to RFQ – 3 to 4 weeks
Á For responding to RFP – 3 to 4 months
Á Time for drafting RFQ, RFP and for 

evaluation and selecting contractor – highly 
variable

Hawkins
Delafield & Wood LLP
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Pima County Wastewater 
Management Department
Tucson, Arizona

Project Financing

Harold Smith

88

Market Interest
16 Respondents provided discussion
11 provided substantive comments
3 provided significant detail
9 believe private financing is viable, 1 completely 
against, 1  is skeptical 
All suggested that Private Activity Bonds offered the 
greatest potential benefit
Most claim successful experience with private 
financing of public assets
Only 1 claimed significant experience with 
water/wastewater assets in the US
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Public vs. Private

Respondents generally believe that 
traditional tax-exempt debt is the 
most cost effective means of 
financing the PCWMD CIP.
Respondents believe that it is in 
PCWMD’s best interest to explore 
private financing.

90

Delivery Methods

Private financing is not appropriate 
for D-B-B or CMAR.
Private financing could work with a 
D/B, but would not be economical.
DBOF and DBFOOT are the only 
viable options for private financing.
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Applicable Projects

Most applicable to “stand-alone”
projects for which cash flows could 
be isolated.
Some suggested private financing 
was more suitable for specialized 
components such as biosolids 
handling and power generation

92

Public Private
Ease of Use V
Interest Rate V
Issuance Cost V
Impact on Schedule V
Impact on Debt Capacity V
Approval Process V
Project Life Cycle Cost V

View of the Respondents
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Typical Private Financing  

Private non-recourse debt (85 to90%)
Equity (10 to 15%)
Funding secured by revenues from 
long-term (20 to 50 years) D/B/O 
contract
Interest and return on equity included 
in service fee.

94

Potential Rate Impacts

Greater total payout with private 
financing.
Creative structuring and longer term 
could reduce impacts.
PABs would be equal to revenue 
bonds.
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Pima County Wastewater 
Management Department
Tucson, Arizona

Biosolids

Jerry Bish

96

Disposal – Market Interest

9 Respondents addressed disposal
4 with substantive responses 
3 with alternative/innovative 
processes
1 is leader in biosolids management 
nationwide.
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General Comments

Supported centralization of biosolids 
treatment
Supported centrifuge dewatering 
process

98

Applicable Projects

Recommended heat drying for 
achieving Class “A” biosolids
Á Provided market exists
Á Regulatory issues/risks are addressed

Suggested D/B, D/B/O, DBFO for 
delivery of Class “A” biosolids
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Special Considerations

Interest in County biosolids disposal 
operations
Alternative / innovative processes for 
small scale  projects
Alternative / innovative processes 
largely unproven

100

Biogas - Market Interest 

6 Respondents addressed biogas
3 with substantive responses
All indicated third party interest
Private financing available
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General comments 

Supported generating power from 
biogas 
Supported scalping thermal energy 
for process utilization
Biogas is an asset

102

Special Considerations

Biogas power generation is not critical to 
wastewater treatment 
Green (biogas) power will reduce long 
term costs or generate revenue
Large power utilities did not respond 
directly, but indirectly indicated interest
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Delivery Methods

D/B, D/B/O, DBF, DBFO

Pima County Wastewater 
Management Department
Tucson, Arizona

Alternative Technology

Jerry Bish
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Innovative or Alternative 
Technologies

4 Respondents with Alternative or 
Innovative approaches
1 - wastewater treatment process
1 - sludge treatment process
1 - biosolids process system
1 - biosolids disposal

106

Alternative Technology

Wastewater treatment process 
Á MBRs considered under wastewater 

treatment system evaluation 
Á First Cost and Life – Cycle Costs more 

expensive than selected process
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Innovative/Alternative Process

Sludge Treatment process
Á Only one system exists 
Á System in start-up and evaluation phase at 

small facility
Á Unproven claims
Á Dependent on aggressive chemicals     

(acids and bases - operate unfriendly)
Á Similar to another process that is costly 

108

Innovative/Alternative Process (2)

Biosolids process system
Á Combines two unit operations to dewater 

biosolids to Class “A” reqts.
Á Utilizes solar drying and mechanical 

dewatering in tandem
Á Land intensive for large plants
Á System reliability  
Á Odor potential
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Innovative/Alternative Process (3)

Biosolids Disposal
Á Emerging from experimental development
Á Applicable to small facilities
Á Produces green energy (ethanol)
Á No comment on final waste by-product disposal
Á Operational reliability concerns (shared risk)
Á Requires County buy back of end product
Á Requires County to modify APP

110

Innovative / Alternative 
Considerations

Sludge treatment process
Á Not proven

Biosolids process system
Á Not required in short term / perhaps suited for 

small facilities / process needs verification
Biosolids disposal 
Á Perhaps suited for small plants / experimental / 

technical issues / not proven to be commercially 
viable / requires significant county involvement
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Pima County Wastewater 
Management Department
Tucson, Arizona

Summary

Andy Richardson

Pima County Wastewater 
Management Department
Tucson, Arizona

Closing

Mike Gritzuk
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Pima County Wastewater 
Management Department
Tucson, Arizona

ROMP Implementation Plan

July 30, 2007

2

ROMP Implementation Plan - Agenda

1. Opening Remarks/Review Agenda/Workshop Purpose
2. Funding Source and Rate Impacts Discussion
3. Implementation Schedule
4. Santa Cruz Interceptor Phase IV 
5. Water Reclamation Campus (24 mgd + 8 mgd)
6. Ina Road WPCF (50 mgd) Upgrade/Expansion
7. Electrical Service Modifications 
8. Ancillary Projects
9. Regional Facilities

10. Summary / Closing

Purpose of Workshop
Á Review and discuss private project financing and rate impacts for some of the facilities.
Á Review and discuss the project delivery methods available to the County for the implementation of 

the Regional Optimization Master Plan (ROMP) facilities based on the County's Request for 
Expressions of Interest information.  Address which method is appropriate for each project, and 
pros and cons of the various delivery methods. 
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Funding Source/Rate Impacts 
Discussion

4

Implementation Details

Implementation Schedule
Project delivery
ROMP CIP projects
Á Conveyance
Á Treatment Facilities



3

5

Project Sequence/Schedule

202020192018201720162015201420132012201120102009200820072006

202020192018201720162015201420132012201120102009200820072006

Design / Approval Construction Acceptance / Startup Testing

INTERCONNECT

New WRC 24 mgd

Includes design of 
8 mgd expansion WRC 8 mgd expansion

Demolish existing Roger Road plant

?
Class A 

Biosolids
WRC related 
sludge fac.

INA WPCF 50 mgd
(Mesophillic Digestion)

6

Santa Cruz Interceptor Phase IV
(Plant Interconnect Pipeline)

Y ear 2030  Lo catio n o f M ajo r W W TP s R ela tive  to  the M etrop olitan  Tu cson  S ervice  Area  
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Santa Cruz Interceptor Phase IV

CMAR 20102008
Construct – Santa Cruz Interceptor 
Phase IV

2

Professional20082007
Engineering – Santa Cruz Interceptor 
Phase  IV

1

Project DeliveryCompleteStartScopePhase

8

Water Reclamation Campus –
New 24-mgd + 8 mgd Facility

New Water 
Reclamation 

Campus

Existing 
Roger Road 

WWTP
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Water Reclamation Campus 
(24 mgd)

Site preparation 
Headworks
Bardenpho treatment (including 
clarifiers, solids thickening/pumping)
Disinfection
Administration/control building
Standby power generation
Future 8-mgd Bardenpho system 
(including clarifier)
Future (8 mgd) gravity belt thickener
Existing Roger Road WWTP demolition

10

Roger Road Projects
Recommended
Project Delivery

CMAR or 
D-B-B20202017Construct –

8-mgd Facility5

D/B, CMAR or 
D-B-B20172015Demolition –

Existing Facilities4

Professional20152014Engineering – Demolition 
Existing Facilities3

CMAR, D/B or D/B/O20152011Construct –
24-mgd Facility2

Professional20102007/08Engineering –
24-mgd + 8-mgd Facilities1

Potential
Project Delivery

CompleteStartScopePhase
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Ina Road WPCF 
Upgrade/Expansion

Site preparation
Preliminary treatment expansion
Primary clarifier
Bardenpho treatment (including clarifiers)
Demolish HPO and oxygen system
Mesophilic digestion (5 new, 4 existing) 
Gravity thickening (primary sludge)
Gravity belt thickening (WAS sludge)
Centrifuge thickening/dewatering
Sludge storage
Disinfection 
Power unification
Biogas power generation
Future (WRC 8 mgd) mesophilic digester
Future (WRC 8 mgd) thickening/dewatering fac.
Future Class A biosolids facilities

12

Ina Road Projects
Recommended
Project Delivery

D/B/O or D/B 
or CMARAfter 2020After 

2020Construct Class A Biosolids6

Professional20202018/19Engineering – Class A Biosolids5

CMAR or D-B-B20202017
Construct  - Biosolids Facilities 
(WRC 8 mgd}

4

CMAR or D-B-B20142010Construct – Biosolids Facilities3

CMAR or D-B-B20142010

Construct – 50-mgd Facility
New 12.5 mgd NdeN
Rehab BNRAS
New 25 mgd NdeN (HPO replacement)

2

Professional20102007/08

Engineering – 50-mgd + Biosolids + 
Future Biosolids (Class B)

New 12.5 mgd NdeN
Rehab BNRAS
New 25 mgd NdeN (HPO replacement
Biosolids handling and treatment

1

Potential
Project Delivery

CompleteStartScopePhase
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Electrical Service Modifications
Recommended
Project Delivery

D/B/O, D/B,  
CMAR or 

D-B-B
20142012Construct – Biogas Power 

Generation Facilities5

CMAR or 
D-B-B20112010Construct – Power Unification 

Facilities4

Professional20092008Engineering – Ina Road Electrical 
Modifications3

D/B, CMAR or 
D-B-B20132011Construct – Power Services for New 

Facility2

Professional20102008Engineering – Roger Road WRF 
Power/Standby Power1

Potential
Project Delivery

CompleteStartScopePhase

14

Ancillary Projects

CMAR or 
D-B-B20102009

Construct - Interim Facilities 
@ Ina Road WPCF

6

D/B,  CMAR or 
D-B-B20122010Construct – I&C5

Recommended
Project Delivery

Other 7

Professional20092008Engineering - Instrumentation & 
Control4

D/B, CMAR or 
D-B-B20152013Construct – General Admin Bldg.3

D/B, CMAR or 
D-B-B20132011Construct – Central Laboratory2

Professional20102007Architectural Services – Central 
Laboratory/General Admin Bldg. 1

Potential
Project Delivery

CompleteStartScopePhase



8

15

Future Outlying Facilities

5 10 150 20 miles

PINAL

SANTA CRUZ

Robles
Junction

Arivaca
Junction

Catalina

Redingto

Mt. Lemmon

Green Valley

Marana

Arivaca Junction

Corona de Tucson

Fairgrounds

Avra Valley

Rillito Vista

Southlands

16

Outlying Facilities Expansion
Southwest Region
Á Avra Valley WWTF

Á Expansion 1 (from 1.2 to 2.2 mgd)
Á Expansion 2 (from 2.2 to 4.0 mgd)

Southeast Region
Á Corona de Tucson WWTF

Á Expansion 1 (from 0.3 to 1.3 mgd)
Á Expansion 2 (from 1.3 to 2.3 mgd)
Á Expansion 3 (from 2.3 to 3.3 mgd)

Southland WWTF
Á Expansion 1 (from 0 to 2.0 mgd)
Á Expansion 2 (from 2.0 to 3.0 mgd)
Á Expansion 3 (from 3.0 to 4.0 mgd) 
Á Expansion 4 (from 4.0 to 8.0 mgd)
Á Expansion 5 (from 8.0 to 12.0 mgd)
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Outlying Facilities Expansion

South Region
Á Green Valley WWTF

Á Expansion 1 (from 4.1 MGD to 6.1 MGD)

Northwest Region
Á Marana WWTF

Á Expansion 1 (from 0.5 to 1.5 MGD)
Á Expansion 2 (from 1.5 to 3.0 MGD)
Á Expansion 3 (from 3.0 to 4.5 MGD)
Á Expansion 4 (from 4.5 to 6.0 MGD)

Mt. Lemmon WWTF
Á No change unless changes in area restrictions 
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Outlying Facility Expansion

-
-

TBD
2027 / 2028

-

2014 / 2015

-
-

-

Expand 4

-
-

TBD
2018 / 2019

-

2012 / 2013

2027 / 2028
-

-

Expand 3

-

Rec’d PD

2008 / 20092006 / 2007Avra Valley
2018 / 20192006 / 2007Corona de 

Tucson
2010 / 20112009 / 

2010(2)
Southlands(1)

2011 / 2012Green Valley

-
-

TBD
2008 / 2009

-

Expand 2

TBDMt. Lemmon(3)

-Rillito Vista
-PC Fairgrounds

2006 / 2007Marana

-Arivaca 
Junction

Expand 1Facility

(1)Additional expansion in 2022/2023
(2)By others
(3)Long range planning study in progress
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New Water Reclamation Campus
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1 -  Alternative Project Delivery Methods 

1.1 Introduction 
Arizona law offers considerable flexibility to local government agencies in the procurement of public 
works.  In addition to the design-bid-build (bid-build) method of contracting traditionally used by local 
government agencies across the United States, Arizona law enables local government agencies in Arizona 
to use the following alternative project delivery methods:  design-build (including design-build-operate, 
design-build-finance-operate and design-build-finance-own-operate); construction-manager-at-risk; and 
job-order-contracting.  A brief discussion concerning the design-build, design-build-operate and 
construction-manager-at-risk project delivery methods follows.1

 
The following discussion assumes a familiarity with the traditional, bid-build method of project delivery. 
The County has a great deal of experience with this traditional method.  The bid-build method is 
addressed throughout the following discussion on a comparative basis with each of the alternative project 
delivery methods  

1.2 Design-Build 

1.2.1 Description 
General.  Under the design-build method of project delivery, a governmental agency contracts with a 
single entity to provide both design and construction services for a project.  In selecting the design-build 
contractor, the governmental agency employs a competitive proposal process, which consists generally of 
the issuance of a request for qualifications followed by the issuance of a request for proposals.  The 
design-build contractor is selected based on the overall value of the proposal, considering factors such as 
qualifications, performance guarantees, and the quality of the proposed design, as well as price, rather 
than price alone. 
 
The typical design-build contract requires the design-build contractor to design and construct a project in 
accordance with a basic set of “design requirements” and to demonstrate that the project can achieve a 
defined set of “performance standards” through the successful completion of an “acceptance test”.  
Design and construction services are generally completed in concurrent phases, enabling the design-build 
contractor to achieve efficiencies in the design and construction schedule.  Following “acceptance” of the 
                                                      
 
1  Job order contracting method has limited applicability to the types of major capital improvements contemplated 

by this report.  Additionally, discussion concerning design-build-finance-operate or design-build-finance-own-
operate are not included.  Private financing, with or without private ownership, involves a large number of 
additional complexities beyond the scope of this report.  Nonetheless, Arizona law does appear to authorize 
these methods should the County wish to consider them in connection with the projects considered in this 
report.  As the repayment of any private financing would involve a long-term operations and maintenance 
contract for the privately financed asset, many of the considerations set forth below concerning design-build-
operate will apply to design-build-finance-operate and design-build-finance-own-operate. 
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project, primary responsibility for the project, including project operations (if applicable), transfers to the 
owner-governmental agency, subject to basic warranties of construction for a limited period (typically, 
one to two years). 
 
Structuring the Design-Build Project.  The first step in implementing a design-build project is for the 
governmental agency to develop a basic description of the project and to define the required performance 
standards for the project.  Owner-governmental agencies typically contract with engineering and 
procurement consultants to assist in defining project requirements, drafting procurement documents, and 
drafting and negotiating the design-build contract.  In the context of a County wastewater treatment 
facility, the procurement documents would include the performance standards that the completed facility 
would be required to meet and any design elements that the County wishes to mandate for inclusion in 
any proposed design.2  The preliminary design included in the proposal selected through the procurement 
process forms the basis of the “design requirements” under the design-build contract. 
 
Transfer of Design Liability.  A critical function of the design-build contract is the transfer of design 
liability to the design-build contractor.  As discussed above, the design-build contractor proposes the 
preliminary design for the project as part of the procurement process and, once the design-build contract 
is signed, develops the detailed plans and specifications for the project in a manner that is fully consistent 
with the contractual design requirements.  In this way, the design-build contractor is fully responsible for 
the design of the project and therefore bears all risk associated with design errors or defects.  The design-
builder will be “on the hook” under the contract until the project passes the acceptance test, subject to 
relief only in the event of the occurrence of circumstances beyond the design-builder contractor’s 
control.3

 
Single Point of Responsibility.  A well-drafted design-build contract establishes the design-build 
contractor as the single point of responsibility for all aspects of design and construction, with the sole 
responsibility for disputes between design subcontractors and construction subcontractors.  If the project 
fails to perform, the owner-governmental agency has a contract claim against the design-build contractor 

                                                      
 
2  For example, the County may wish to mandate that any proposed facility include membrane technology in the 

treatment process so that, in order to be responsive to the request for proposals, respondents would need to 
incorporate membrane technology in their proposed design.  Problems can arise where a governmental agency 
is overly prescriptive in developing its project requirements.  As discussed below, the transfer of design liability 
is premised upon the fact that the design-build contractor is responsible for developing the design from the 
preliminary design level to the detailed plans and specifications.  The owner-governmental agency runs the risk 
of negating this transfer of design liability where detailed plans and specifications are included in the 
procurement documents. 

3  In order to provide for a clear allocation of risk between the parties to a design-build contract, it is generally 
recommend that the parties attempt to negotiate an “uncontrollable circumstance” definition in the contract.  For 
example, in no event should any act, event or circumstance that would not have occurred had the affected party 
complied with its obligations under the contract constitute an uncontrollable circumstance.  Conversely, a 
change in applicable law is generally beyond the control of a party and should therefore be defined as an 
uncontrollable circumstance. The occurrence of an uncontrollable circumstance (including traditional “force 
majeure”) generally entitles the design-builder to price, schedule and performance relief. 
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without the need to establish the negligence of the design subcontractor or to become involved in disputes 
between the design subcontractor and the construction subcontractor. 

1.2.2 Advantages 
Risk Transfer.  As discussed above, the design-build contracting method enables the owner-
governmental agency to transfer risks associated with design liability and disputes between design 
subcontractors and construction subcontractors to the design-build contractor.  This is in contrast to the 
traditional, bid-build method of contracting where the owner-governmental agency must enter into 
separate contracts for design and construction.  Under established United States Supreme Court 
precedent, when an owner-governmental agency furnishes plans and specifications to a construction 
contractor, as under the traditional, bid-build method of contracting, there is an implied warranty that the 
furnished design is capable of construction.4  Accordingly, the extent of the obligation of a construction 
contractor under a bid-build contract is the construction of the project in accordance with the furnished 
plans and specifications.  The construction contractor bears no liability for the furnished design.  
Moreover, the design engineering contract in a bid-build project is generally not a performance-based 
contract, which means that an owner-governmental agency must establish the negligence of the design 
engineer in order to prevail in a claim if there are design issues encountered in a project.  This negligence 
standard creates a bar to relief for an owner-governmental agency in the event design issues cause a 
project to not operate properly or otherwise fail that is significantly higher than the claim available under 
a design-build contract.  Additionally, it is often unclear as to whether issues that cause a project to fail 
originate from a project’s design or from its construction, which can leave an owner-governmental agency 
under a bid-build contract forced to pursue claims against both the design contractor and the construction 
contractor, with each pointing the finger at the other. Under a design-build project, one party (the design-
build contractor) is responsible for making the project work.  If the project does not work, absent 
carefully defined uncontrollable circumstances, the design-build contractor is responsible, regardless of 
whether the reason for the failure is due to design or construction issues.  That single contractor, rather 
than the owner-governmental agency, has to sort out issues among its various subcontractors. 
 
Prequalification.  The procurement process authorized under Arizona law for a design-build project 
enables the owner-governmental agency to pre-qualify potential design-build firms through the issuance 
of a request for qualifications preceding the issuance of the request for proposals.  Through this process, 
the owner-governmental agency is able to narrow the field of respondents to the request for proposals to 
those firms possessing the best financial and technical qualifications for the project.  While this pre-
qualification process is generally available for the other alternative project delivery methods discussed in 
this chapter, it is not available for the selection of a construction contractor under the traditional bid-build 
method of contracting.  Prequalification is particularly important in projects such as wastewater facility 
projects, which involve sophisticated technology and can take a number of years to implement.  The 
prequalification process can provide assurance to the County that its contracting partner has the technical 
expertise to address challenges as they arise and the financial wherewithal to sustain a long-term project 
effort. 
 

                                                      
 
4  See generally United States v. Spearin, 248 U.S. 132 (1918). 
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Competition on Factors Other than Price.  The request for proposals process enables competition on 
factors other than price, which can result in innovative proposals and enable an owner-governmental 
agency to tap into private sector ingenuity to solve the particular design challenges of a given project.  
This is particularly useful in the context of a project involving a public utility asset such as a wastewater 
treatment facility, as contrasted to the construction of an office building, which does not have to “work”.  
Through the request for proposals process, an owner-governmental agency can stipulate a basic set of 
performance requirements for the completed facility and require the design-build firms to compete on 
proposed design solutions in their proposals.  As price is also a factor in the selection process, the design-
build method generates competition over the optimal way to achieve the performance requirements in the 
most cost-effective manner. 
 
Collaboration on Design and Construction.  The design-build contracting method enables collaboration 
between the design subcontractor and the construction subcontractor in the development of the proposal.  
The exchange of ideas between these two parties can avoid problems down the road when the 
construction subcontractor actually begins to implement the design with shovels in the ground.  In 
contrast, under the bid-build method and, to a lesser extent, the construction-manager-at-risk method, the 
construction contractors have no involvement in the development of the design or in constructability 
issues, and therefore run a greater risk of encountering problems in the implementation of the owner-
governmental agency’s design. 
 
Early Stage, Lower Cost Price Certainty.  Both bid-build and design-build contracting offer fixed 
pricing: bid-build for the construction work, and design-build for both design and construction services.  
The key difference is that under the design-build method, the lump sum price for the project can be 
ascertained by the owner-governmental agency much earlier in the procurement process, and for a much 
lower “transactional” cost.  Design-build contractors will propose a fixed price in response to a request 
for proposals based on a 20-30% complete design; bid-build contractors, by virtue of the nature of the 
procurement method, must await a 100% complete design from the owner in the request for bids.  Further, 
design-build transaction costs (primarily the owner-governmental agency’s procurement and engineering 
advisors) typically run between 1-3% of the project’s construction cost, while bid-build transaction costs 
can run from 8-12% of construction cost (mostly engineering fees for the 100% complete design).  Using 
these benchmarks for a hypothetical $200 million treatment plant, an owner-governmental agency can 
know the actual cost of the project under design-build within approximately nine to 12 months (the time 
for project planning, design to 20-30%, and proposal), with procurement transaction costs of $3-5 million. 
However, contract negotiations may protract the time.  Under the bid-build method, actual project costs 
will not be known for 18-24 months (the time for project planning, design to 100%, procurement and 
bidding), with transaction costs of $16-24 million (project design, engineering and procurement costs).  
Estimated project costs are prepared at the preliminary stage under either method, but under design-build, 
the owner-governmental agency is in a much better position than it is under bid-build in the event actual 
pricing is unexpectedly higher than the early planning estimates. 
 
Schedule Compression.  Design-build contracting is particularly useful in the context of a project where 
schedule is a key concern.  As contrasted with the bid-build method of contracting where the design must 
be fully developed under a separate contract prior to the procurement of the construction contract, the 
design-build method contemplates concurrent design and construction of the project, which enables the 
design-build contractor to achieve efficiencies in the design and construction schedule.  Indeed, more 
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rapid project delivery is often cited as the key reason for selecting the design-build project delivery 
method. 
 
Minimization of Change Orders.  Design changes under a design-build contract are generally the 
responsibility of the design-build contractor.  In the event that the design-build contractor determines that 
a change to the design is required in order to meet the performance requirements of the design-build 
contract, the design-build contractor must make such changes at its own expense and without schedule or 
performance relief.  Change orders under a design-build contract generally issue only in the event of the 
occurrence of uncontrollable circumstances or in the event that the owner-governmental agency’s project 
requirements change.  Conversely, change orders are common under the bid-build and construction-
manager-at-risk methods of contracting where the owner-governmental agency retains liability for the 
furnished design and where, as a practical matter, modifications to the complete design are required due 
to inadvertent errors or newly determined objectives. 

1.2.3 Disadvantages 
Lack of Full Design Control.  One of the concerns raised by representatives of the County in our 
discussions concerning alternative project delivery and, particularly, design-build, was the fact that the 
County would have limited control over the development of the final design for a project.  County 
representatives noted the importance of operator input in the design of a wastewater treatment facility and 
expressed concern over the limited opportunity for such input under the design-build method.  As 
discussed above, in a typical design-build transaction, the owner-governmental agency develops only a 
basic description of the project and its requirements, focusing primarily on the performance standards that 
the completed project will be required to meet and on construction quality standards.  While an owner-
governmental agency may include prescribed design elements in a request for proposals, an overly 
prescriptive request for proposals runs the risk of negating the transfer of design liability.5  Accordingly, 
the nature of design-build does require an owner-governmental agency to relinquish some control over 
design development.  This makes the development of the performance requirements and construction 
quality standards for the completed facility in the request for proposals all the more important, as such 
performance requirements can serve to dictate the nature of the design of the facility. 
 
Lack of Familiarity.  While we understand that the County has some experience with the design-build 
method of project delivery in projects such as the Skyline Drive Design-Build Improvement Project, the 
County has never implemented a design-build wastewater project, where the operations of the facility can 
be critical.  The role of the County utilities department in implementing a design-build wastewater project 
would be different from the role associated with a traditional bid-build project.  During the design and 
construction phase following contract signing, the County’s role would be limited to monitoring the 
design-build contractor’s progress to determine whether the work is progressing in accordance with the 
design requirements set forth in the contract.  The County would review and comment on design 

                                                      
 
5  See generally note 2, above.  There is no bright-line rule to determine how much is too much in terms of 

including prescribed design elements in a request for proposals.  For any given project, an owner-governmental 
agency must evaluate the importance of its preferences, considering the tension between stipulating design 
elements and transferring design liability. 
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submittals and other deliverables, but would not have an “approval” role with respect to such 
deliverables.  Rather, the focal point of a design-build project is project acceptance, which occurs only 
after demonstration through the performance of an acceptance test that the project has been constructed in 
accordance with the design requirements and that it meets the performance standards.  Prior to project 
acceptance, the design-build contractor has primary control over the means and methods toward achieving 
project acceptance, provided that such means and methods comply with applicable law and the specific 
terms and conditions of the design-build contract.  Over-involvement by an owner-governmental agency 
in the design and construction phase can lead to disputes over responsibility in the event that things go 
wrong and may serve to negate the transfer of design liability.6  Accordingly, in order to implement a 
design-build wastewater project, the County would likely need to reexamine its general contracting 
policies and procedures to adapt to the different roles associated with design development and 
implementation in the context of a design-build project. 
 
Lack of Long-Term Vested Interest.  A potential disadvantage of implementing a project such as a 
wastewater treatment facility on a design-build basis is the lack of a long-term stake on the part of the 
design-build contractor with respect to the operations of the facility.  Respondents to a request for 
proposals are motivated by the competitive process to propose the lowest cost facility that will achieve the 
performance standards.  However, the design-build contractor’s responsibility with respect to project 
performance effectively ends at the completion of the acceptance test and the turnover of operation 
responsibility to the owner-governmental agency.7  Accordingly, while the County can be confident that 
the design-build process will result in a facility that will pass the acceptance test, risks associated with 
post-acceptance operations, including project operability and operations, maintenance, repair and 
replacement costs, will remain with the County.  While this risk can be mitigated by carefully developed 
selection criteria, prescribed design elements and performance standards, there are risks associated with 
these mitigation measures.  For example, while the County can include items such as project operability 
and life cycle costs as evaluation factors in the selection criteria, there is no way to contractually 
guarantee such items, as the design-build contractor has no control over project operations following 
acceptance and will therefore not ordinarily assume risks associated with such operations.  Additionally, 
prescribed design elements carry the risks associated with the effective transfer of design liability 
discussed above.  While the County can attempt to develop performance standards that will form the basis 
of an acceptance test that will measure long-term operability and cost efficiency, the acceptance test will 
be time limited and, by its nature, will only go so far as a long-term indicator.  It is important to note that 
the absence of a long-term vested interest in the project on the part of the contractor is also a fundamental 
characteristic of the traditional bid-build method. 
                                                      
 
6  For example, an interim “approval” by the County of a design submittal may provide the design-build 

contractor with a defense in the event of an ultimate failure of the project to pass the acceptance test.  Generally, 
approvals of interim design submittals are inconsistent with the notion that the design-build contractor bears full 
responsibility and liability for the design. 

7  While a typical design-build contract includes a one to two year warranty of construction following project 
acceptance, its extent is generally limited to a warranty that the design-build work complies with the design-
build contract and is free of defects.  Design-build contractors will not ordinarily warrant or guarantee the 
performance of an operating facility beyond performance during an acceptance test, as they have no control 
over the operations of the facility. 
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These risks associated with project operations are mitigated through the bid-build method of project 
delivery through the development of a project design tailored to the County’s particular operating 
concerns.  However, in the bid-build context, the County will ultimately bear the operating risk, as well as 
the design and construction risks discussed above.  In determining which method will best serve the 
County’s needs, the County will need to weigh the risks associated with project operations in the design-
build context, along with the mitigation measures discussed above, against the advantages and benefits of 
design-build.  One way to solve for the operations risks associated with design-build, while retaining its 
advantages and benefits, is through the design-build-operate method discussed below. 

1.3 Design-Build-Operate 

1.3.1 Description 
Generally.  The design-build-operate project delivery method combines long-term operation and 
maintenance services with project design and construction services into a single service contract.  The 
primary purpose for combining design, construction and operation into a single contract is to integrate all 
three areas of expertise and responsibility during every phase of the project.  The aggregation of these 
services allows for an “operator-driven” design and permits a full level of cooperation between the 
designer, builder and operator. By knowing their partners, and working together on all aspects of the 
project, an optimal design can be created and optimal pricing established by the reduction of the pricing 
contingencies typically included by these participants when they work individually, without the 
opportunity to collaborate, in the typical bid-build process. The design-build-operate contractor serves as 
the single point of responsibility for all aspects of design, construction and operation for the term of the 
service contract (typically 15 to 20 years following project acceptance). 
 
The Design-Build-Operate Service Contract.  A typical service contract incorporates the design-build 
contract provisions generally discussed above and further requires the design-build-operate contractor to 
operate and maintain the facility for the term in accordance with carefully defined performance 
guarantees.  The service contract will provide for the payment of an annual fixed service fee for the 
performance of the operations and maintenance services, subject to an indexed inflation adjustment 
factor.8  Accordingly, in addition to assuming the risks associated with design and construction, the 
design-build-operate contractor assumes risks associated with project operations, including the risks of 
project performance and the costs of operations and maintenance.  As under the design-build method, the 
typical service contract provides for price, schedule and performance relief only in the event of carefully 
defined uncontrollable circumstances.9  
 
The Selection Process.  Under Arizona law, an owner-governmental agency employs the same 
competitive proposal procedures in selecting a design-build-operate contractor as are employed in 
                                                      
 
8  The indexed adjustment factor is ordinarily based on the Consumer Price Index and applied on an annual basis. 

9  For example, the service provider may be relieved of its obligations under the facility effluent guarantee in the 
event that flows and loadings received at the facility exceed contractually stipulated levels of flows and 
loadings.  See also note 3, above. 
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selecting a design-build contractor.  As such, many of the same considerations discussed above with 
respect to the design-build method of contract delivery apply to the structuring of a design-build-operate 
project and the evaluation of its advantages and disadvantages.  Accordingly, the following discussion 
will focus primarily on the operations considerations associated with design-build-operate projects, while 
pointing out the differences in design and construction considerations between the design-build and 
design-build-operate methods. 
 
Structuring the Design-Build-Operate Project - The Project Description and Performance 
Guarantees.  An owner-governmental agency will consider similar factors in developing the project 
description as considered under the design-build method.  However, as the contracting entity will assume 
long-term operations and maintenance responsibility for the project, prescribed design elements are 
generally less of a concern, enabling the owner-governmental agency to rely on the performance 
requirements to generate competition over the optimal, most cost-effective design.  Additionally, the 
design-build-operate method enables owner-governmental agencies to “look down the road” toward 
anticipated changes in law in developing the operating performance guarantees.  “Enhanced standards” 
can be included in a design-build-operate contract in order to capture standards expected to be required 
under applicable law in the future.10  
 
Structuring the Design-Build-Operate Project - Workforce Protection Practices.  Any consideration 
of the design-build-operate method of project delivery for a County wastewater treatment facility must 
factor in the County’s existing wastewater operations and maintenance workforce.  Customarily, when an 
owner-governmental agency implements a design-build-operate wastewater project with an existing 
operations and maintenance staff, the design-build-operate contractor is required to offer unconditional 
employment to the existing operations and maintenance staff on terms that equal or exceed the 
employment terms offered by the owner-governmental agency.  Example design-build-operate projects 
that have included such a stipulation include projects implemented by the City of Springfield, 
Massachusetts in 2000, the City of Newport, Rhode Island in 2000 and the City of Holyoke, 
Massachusetts in 2005.  These service contracts require wages and benefits that are equal to or better than 
existing wages and benefits, recognition and crediting of years of service, the transfer of accrued 
liabilities (e.g., annual leave, sick leave and incentive payments),  recognition of unions and labor 
agreements, and the obligation to bargain in good faith with any recognized collective bargaining agent.11  

                                                      
 
10  Generally, the basic operating performance standards under a design-build-operate contract require the 

contractor to comply with applicable law.  For example, a wastewater facility effluent guarantee will require the 
facility effluent to meet all standards of applicable law.  Enhanced standards can be used to address particular 
concerns of the owner-governmental agency not covered by applicable law, or, as suggested, to address 
requirements that are expected to be implemented in the foreseeable future.  Enhanced standards can be 
included in the performance guarantees with associated liquidated damages for nonperformance or, 
alternatively, on an incentive basis where the contractor will be entitled to additional payment for achieving the 
enhanced standard. 

11  In the Holyoke, Massachusetts example, the City determined to specifically require respondents to the request 
for proposals to offer the existing employees a defined benefits package similar to the City’s pension plan, 
rather than allowing respondents to demonstrate that a proposed benefits package including a 401k plan would 
equal or exceed the City’s plan.  While this approach was ultimately successful for the City of Holyoke, it can 
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These contracts also stipulate that the design-build-operate contractor may not terminate a “transferred 
employee” in the absence of just cause.  The particular considerations associated with the County’s 
existing wastewater operations and maintenance staff should be factored into the structuring of any 
design-build-operate project involving the wastewater facilities. 

1.3.2 Advantages 
Risk Transfer.  In addition to the transfer of design liability and the risk of disputes between various 
subcontractors, the design-build-operate method enables the owner-governmental agency to transfer 
significant operating risks to the contracting entity.  The basic obligation of the design-build-operate 
contractor with respect to operations is to operate and maintain the facility in accordance with applicable 
law, including all permit requirements and stipulations.12  In the event of a failure of the contractor to 
comply with applicable law in the operation of the facility, the contractor is ordinarily responsible for all 
fines and penalties assessed by the applicable governmental bodies and must indemnify the owner-
governmental agency from any and all third-party claims.  The contractor therefore bears the basic risks 
associated with the operation and maintenance of the facility, including the risk that the facility simply 
costs more to operate and maintain than anticipated by the contractor in developing its proposal and 
offering its fixed service fee.  As noted above, in a typical design-build-operate contract, the design-build-
operate contractor’s fixed service fee will be subject to adjustment only in accordance with the indexed 
inflation adjustment factor or in the event of the occurrence of carefully defined uncontrollable 
circumstances.  If, for example, the design-build-operate contractor requires more chemicals in the 
operation of the facility than originally budgeted or must implement a more aggressive maintenance 
schedule than originally planned, the associated operating costs are for the account of the contractor and 
not the owner-governmental agency. 
 
Operator Collaboration in the Preparation of the Design - Vested Interest in Long- Term 
Operations.  As suggested above, the design-build-operate method enables the development of an 
“operator-driven” design, which will likely involve significant attention to project operability.  The risks 
assumed by the design-build-operate contractor in the operations phase help to ensure that the project will 
be designed and constructed in a manner that will produce a highly operable, cost-effective facility.  
When the owner-governmental agency steps in upon expiration or earlier termination of the service 
contract, it can do so with a high level of confidence in the operability and cost-effectiveness of the 
facility. 
 
Strong Companies.  The companies that compete in the design-build-operate industry are strong 
companies that specialize in providing the services required for a design-build-operate project.  More 
often than not, these companies have investment grade credit ratings, which enable them to provide the 
financial security required in connection with major capital improvement projects.  Owner-governmental 

                                                                                                                                                                           
 

have the effect of limiting competition, as most companies are unwilling or unable to offer a pension plan 
similar to a municipal pension plan. 

12  As suggested above, this basic obligation may be enhanced by the inclusion of enhanced standards in the 
design-build-operate contract.  See note 10, above. 
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agencies can be confident that sufficient resources will be brought to bear on the successful completion of 
a design-build-operate project, given the nature of the companies in the industry and the prequalification 
procedures authorized under Arizona law. 
 
Design-Build Advantages Apply.  In addition to the foregoing, each of the advantages discussed above 
in connection with the design-build method of contracting apply equally under the design-build-operate 
method. 

1.3.3 Disadvantages 
Control by Contract.  The design-build-operate method of project delivery requires owner-governmental 
agencies to relinquish direct operating control over a critical public asset to the design-build-operate 
contractor.  While the governmental agency remains the owner of the asset and retains the power to set 
the associated rates, control over the day-to-day operations transfers to the contractor.  In the event 
service issues arise affecting ratepayers or the general public, the owner-governmental agency must work 
within the parameters of its rights in the design-build-operate contract to address such issues.  For this 
reason, it is critical that the design-build-operate contract clearly define the service responsibilities of the 
contractor and provide real enforcement mechanisms for the owner-governmental agency.  Additionally, 
the owner-governmental agency must understand that it will have a continuing contract administration 
and monitoring role for the life of the contract.  It should be noted that many governmental agencies, 
based on their experience, believe that private contract management of utility assets that have been 
procured on a design-build-operate basis actually gives municipalities greater control over operations than 
direct management of public employees actually provides, with its attendant issues of labor relations, 
limited appropriations for capital maintenance, and the absence of contractually specified standards of 
performance. 
 
Limited Market.  While, as noted above, the companies that compete in the design-build-operate 
industry are strong companies, they are limited in number and meaningful competition can be a concern.  
In the current market, public design-build-operate projects often attract interest from only two, three or 
four companies.  However, these market conditions are shifting in nature and only five years ago, an 
owner-governmental agency conducting a design-build-operate procurement could expect to receive five 
or more responses to the request for qualifications. 

1.4 Construction-Manager-at-Risk 

1.4.1 Description 
Generally.  The construction-manager-at-risk (CMAR) procurement method preserves the traditional bid-
build bifurcation of design contracts from construction contracts.  The key difference between bid-build 
and CMAR is that the owner-governmental agency is permitted to select the construction manager on a 
qualifications basis, and also to negotiate an “at risk” guaranteed maximum price (GMP) for the 
construction of the project. 
 
Services and Selection.  Arizona law permits a construction management contract to be entered into 
simultaneously with or later than the design contract.  The design work and the construction services may 
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be performed in sequential phases (as with bid-build), or in concurrent phases (as with design-build).  The 
construction manager is permitted to provide advice (including supplemental design services) during the 
design phase.  The construction management contract may also include related finance maintenance and 
operations services, although such services are not typically part of a CMAR arrangement in practice. 
 
CMAR procurements begin with a qualifications-based selection of an engineering firm to provide a 
100% complete design of the project.  Concurrently with, or more often subsequent to, the procurement of 
the design engineering services, the owner-governmental agency conducts a separate qualifications-based 
procurement for the construction manager.  The firms seeking construction manager work normally are 
those with specialized construction management expertise or general contractors willing to serve in a 
construction management role.  The pricing of construction management services is not a selection factor, 
but is negotiated with the firms determined to be the highest qualified based on the selection criteria 
included in the request for qualifications.  The procurement in essence is conducted on a professional 
services basis. 
 
Construction Manager Responsibilities.  The design engineer is responsible for the full design of the 
project, which is typically divided into several, separately biddable, “packages”.  Once the design 
packages are complete, the construction manager is generally responsible for supervising the letting of the 
various construction contracts on a low-bid basis on behalf of the owner, and coordinating the 
performance of the work of all of the contractors to whom the project contracts are awarded.  The 
construction contracts normally, but not always, are entered into between the owner-governmental agency 
and the various contractors, rather than between the construction manager and such contractors.  CMAR 
permits the owner-governmental agency, nonetheless, to negotiate a GMP for entirety of the construction 
work, based on the construction manager’s estimate as to where all of the bids will come in.  The 
negotiations center typically around how far the project design needs to be advanced before the 
construction manager can be asked to propose a GMP, the reasonableness of the GMP and its 
contingencies, and the extent to which, if the actual total price is less than the GMP, the savings will be 
shared between the owner and the construction manager.  If the actual price exceeds the GMP, the 
construction manager ordinarily bears the loss.  The effect of design changes made after the GMP is 
agreed upon, and of change orders once the construction contracts are let, complicate GMP-related 
determinations. 

1.4.2 Advantages 
Professional Selection of Construction Interface.  A primary advantage of CMAR is the ability of an 
owner-governmental agency to select the firm managing the construction on a qualifications basis.  The 
construction manager usually oversees the construction work, rather than self-performing and 
subcontracting the work in the manner of a general contractor.  Thus, in CMAR the construction manager 
is the key interface between the owner and the actual performance of the construction work, rather than 
the general contractor, as is the case with bid-build.  Through the CMAR qualifications-based selection of 
the construction manager, the owner can take into account factors such as experience, skill, record of 
performance, professionalism and similar elements of judgment.  Such factors cannot be used in the 
selection of a general contractor under bid-build, except insofar as they pertain to whether the bidder is 
“responsible.” 
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Guaranteed Maximum Price.  The total cost of the construction work under CMAR will be the sum of 
the construction manager’s fee, plus the prices bid by the various contractors under all of the construction 
contracts let by the owner based on the design engineer’s bid packages.  As discussed above, CMAR 
permits the negotiation of a GMP at some point during the design process, usually toward the end.  The 
GMP can give the owner a reliable assurance as to total project price when the design is largely but not 
fully complete and before it is actually bid, which may help with the owner-governmental agency’s 
project planning and budgeting process. 
 
Design Phase Assistance.  CMAR permits the construction manager to assist the owner in the 
development of the project based on the firm’s construction experience and any design expertise it may 
have.  The construction manager can, accordingly, contribute to the project in a value-engineering sense, 
as well as from a constructability standpoint.  This participation does not operate to transfer any design 
liability from the design engineer to the construction manager.  It does, however, give the construction 
manager a reasonable basis for proposing a guaranteed maximum price for the work.  Thus, the 
construction manager is not at “at risk” for the design or for whether the project will operate as intended, 
but may be “at risk” for price. 
 
Delivery Schedule.  CMAR may permit a slightly faster delivery schedule than bid-build.  If separate bid 
packages can be prepared and construction of some portions of the project commenced earlier than other 
portions, CMAR contracting has the potential to expedite the project, at least in comparison to bid-build.  
It should be noted that the design-build method generally offers an even greater schedule advantage. 
 
Complete Control of Design.  The owner-governmental agency completely controls project design under 
CMAR, as it does under bid-build, and is able to bring to bear on the project’s design any experiences it 
may have with the development and operation of similar facilities.  CMAR has the additional advantage 
of potential design and constructability input from the construction manager.  Like bid-build, the owner 
has complete discretion to modify the design throughout the entire design process, and even during 
construction, through the issuance of change orders (with the attendant cost and risks that design changes 
entail). 

1.4.3 Disadvantages 
Multiple Points of Responsibility.  CMAR does not fundamentally change the basic structure of 
responsibility involved in bid-build contracting.  The owner-governmental agency retains design liability, 
as it does traditionally in bid-build.  The design engineer is responsible only for professional negligence, 
not for project performance, cost or schedule.  The various contractors are responsible for constructing 
their portion of the work in accordance with the engineer’s design, but not for the operational efficacy of 
their portion of the work or the overall project.  With multiple points of responsibility, CMAR raises the 
potential for disputes among the owner and the design engineer, the construction manager and the various 
contractors, and the attendant risk of added cost, delay and performance deficiencies. 
 
Retention of Design Liability.  Under CMAR, as with bid-build, the owner retains design liability.  
Inadequate design may result in poor project performance, higher than expected operating or maintenance 
costs, additional construction costs due to the need for corrective work, and similar adverse conditions.  
The owner can rely to a certain extent on the design engineer’s professional competence, and errors and 
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omissions professional liability coverage, but none of these design liability risks is transferred to the 
construction manager or any firm involved in performing the construction work. 
 
No Design Competition.  As with bid-build, there is no competition among engineering or construction 
firms interested in securing project contracts.  The owner-governmental agency thus foregoes any benefits 
that such a design competition may afford, including design, construction and technology innovations; 
cost savings from different or improved designs; and improved performance. 
 
Limited Life Cycle Cost Considerations.  CMAR, again like bid-build, focuses predominately on 
design and construction costs.  Long term operating and maintenance costs are estimated by the owner, 
designer and construction manager based on reasonable assumptions, but they are not proposed and 
guaranteed by a private operating contractor.  Potential operating and maintenance practices and 
innovations that might affect capital construction or otherwise lower total project life cycle costs over a 
20 or 30 years period tend to receive less consideration under CMAR (as well as under bid-build and 
design-build) than they do under various forms of design-build-operate contracting. 
 
Degree of Design Conservatism.  The CMAR and bid-build procurement methods often lead to a very 
high degree of design conservatism, which in turn can produce construction and operating costs 
significantly in excess of those that would be entailed under the more moderately conservative designs 
characteristic of the design-build and design-build-operate methods.  Highly conservative designs tend to 
result from processes like CMAR and bid-build in which there are limited incentives built into the 
development process (other than general rate resistance) to produce a less costly design, and strong 
incentives built in so that design engineers can be assured of properly discharging their professional 
responsibilities and owners can be assured that the project has enough redundancy and ease of operability 
for a general public-sector workforce.  Excess design conservatism can thus be regarded as a disadvantage 
(from a cost perspective) or as an advantage (from the perspective of the likelihood having treatment 
capacity that is more than sufficient). 

1.5 Procurement Method Selection Considerations 
Selecting among the procurement methods legally available to the County under Arizona law requires a 
weighing of numerous relevant criteria.  Different procurement methods may be determined to be 
appropriate for each of the three major projects that are expected to be implemented under the County’s 
regional optimization master plan for the wastewater system.  Set forth below is a list of selection criteria 
involving procurement process, design and construction, and operation and maintenance considerations.  
As noted earlier, this analysis assumes the availability of conventional public financing for the capital 
improvement program.  If the County wishes to consider private financing, it is likely that some form of 
design-build-operate procurement would be necessary to support the private financing plan. 

1.5.1 Procurement Process Considerations 
Â County familiarity and experience with the project delivery method 
Â Transactional and engineering costs for conducting the procurement process 
Â Stage at which actual project costs are known 
Â Schedule: time to commencement of construction 
Â Depth and quality of contractor market 
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Â Selection process complexity 
Â Likelihood of re-design and re-bid 

1.5.2 Design and Construction Considerations 
Â Possibility of selections based on performance and qualifications 
Â Risk of disputes between owner-governmental agency, designer and builder 
Â Schedule: time to completion of construction 
Â Degree of owner-governmental agency design control 
Â Potential for innovation through design and construction competition  
Â Transfer of design, construction and acceptance liability 
Â Degree of design conservatism desired 
Â Suitability for “greenfield” projects 
Â Suitability for modifying and expanding existing facilities treatment 
Â Suitability for pipeline and transmission facilities 
Â Guaranteed permit compliance 
Â Total contract price for design and construction 
Â Construction monitoring costs 
Â Likelihood of bid/proposal protests 
Â Likelihood of change orders 

1.5.3 Operation and Maintenance Considerations 
Â Control by owner-governmental agency over project operations 
Â Direct versus contract 
Â Guaranteed operational performance 
Â Guaranteed regulatory compliance 
Â Overall 20-year life cycle costs of the project 
Â Guaranteed operating and maintenance costs 
Â Operational integration of project with entire wastewater system 
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