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TRUST FLUIDYNE’S EXPERIENCE

The Fluidyne ISAM™ Sequencing Baich Reactor (SBR)
system incorporates the latest technology and two
decades of experience in providing the most reliable
system with the highest effluent quality. Fluidyne SBR
systems have operated around the World and won
numerous awards including the 1997 USEPA Grand
Award for the best operated and maintained WWTP in
the Nation in the Large, Non-Discharging (water
reclamation) category for the Bartow, Florida plant.
Fludyne SBRs consistently provide better than
10/10/5/1 (BODS/TSS/N/TP) effluent quality.  The
Bartow plant has consistently produced better than
3/3/3/1 effluent quality.

A TOTALLY NEW CONCEPT IN SBR DESIGN

The Fluidyne ISAM™ Sequencing Batch Reactor
system is a single train SBR system which incorporates
a constant level anaerobic selector chamber, followed
by a surge/anoxic/mix (SAM™) tank , and one or more
SBER basins.

In operation, all influent flow enters the anaerobic basin
where influent solids are allowed to settle much like a
primary clarifier. Elimination of primary solids in the
anaerobic basin allows for much smaller SBER basins at
equivalent SRT than conventional SBRs. The
anaerobic selector also creates soluble carbon as a
food source for biological nutrient removal through
anaerobic conversion of settleable BOD to soluble BOD.

The influent then flows to the SAM™ surge basin, or
influent equalization basin. The surge basin provides
flow and nutrient equalization to optimize treatment at
the full range of flows and loadings.

Several unique feature of the Fluidyne ISAM™ SBR
include odor control and scum skimming. Mixed liquor
is maintained in the SAM™ tank to immediately react
with incoming flow from the anaerobic chamber to
suppress odors and initiate and accelerate carbon and
nitrogen reactions. Mixed liquor is recycled from the top
of the SBR tank effectively removing scum by use of
proprietary flow and scum control system. In addition,
nitrates are recycled to the SAM™ tank for effective and
rapid denitrification. Denitrification reactions are
accelerated in the presence of the unreacted carbon
from the raw sewage entering the SAM™ tank.
Aeration and energy requirements are reduced as
nitrates are fully reduced to nitrogen gas in the SAM™
tank.

FLUIDYNE PREPACKAGED SBRS

The Fluidyne prepackaged ISAM™ SBR is available for
average influent flows from 1,000 GPD to 50,000 GPD.
Each unit is shipped complete; prewired and prepiped.

100% ON-LINE STANDBY EQUIPMENT

Fluidyne's prepackaged ISAM™ SBRs are furnished
with spare mixing/fill pump and aerator assembly
installed for 100% redundancy.

REDUCES WASTE SLUDGE BY 75%

The Fluidyne ISAM™ Sequencing Batch Reactor
incorporates an anaerobic selector chamber with the
SAM™ SBR. The anaerobic selector not only provides
consistent phosphorous removal by subjecting the
recirculated biomass to anaerobic conditions, forcing the
release of phosphorous, but also creates soluble carbon
as a food source for phosphorous removal through
anaerobic conversion of settleable BOD to soluble BOD.
Additionally, anaerobic sludge digestion occurs in the
anaerobic selector chamber, reducing waste solids
production by up to 75% for the entire secondary
process.
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Recirculation Line Recirculation Control Valve Overflow Bypass

System Components: Influent continuously enters the anaerobic chamber where solids setile.
Settleable BOD is converted to soluble BOD. The influent then flows to the SAM™ reactor. Mixed liquor
is maintained in the SAM™ reactor to react with incoming raw wastewater to suppress odors, and initiate
and accelerate carbon and nitrogen reduction.

Fill Phase: When the level in the SAM™ reactor reaches a predetermined “control level,” the motive liquid
pump is started. The SBR basin is filled and mixed. A variable percentage of the pumped flow is returned
to the anaerobic chamber where solids settle. The recycle flow is varied to maintain the desired MLSS
concentration in the in the SBR basin. Solids in the anaerobic chambeér are digested.

Interact Phase: When the level in the SBR reaches TWL, mixed liquor overflows the surge chamber weir
and is returned to the SAM™ reactor through the surge return line to mix and react with the raw influent.
Aeration is cycled on and off to provide the required oxygen. Scum is also removed from the SBR basin.



FLUIDYNE @

CORPORATION

THE EXPERIENCED LEADER IN SEQUENCING BATCH REACTOR TECHNOLOGY

Settle Phase: When the level in the SAM™ reactor again reaches “control level,” aeration is discontinued,
and the SBR basin settles under perfect quiescent conditions.

Decant Phase: When the settle timer value is reached, the decant valve is opened, and treated effluent is
withdrawn from the upper portion of the SBR basin by means of a fixed solids excluding decanter.

Filled Decant Phase: If, during peak hourly flows, the SAM™ reactor reaches TWL before the decant
phase ends, influent flows in a reverse direction through the surge return line and overflows the surge
chamber secondary weir, and is diffused into the settled sludge at very low velocity as the decant phase

continues.
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CUSTOM ENGINEERED ISAM™ SYSTEMS

The majority of ISAM? systems currently operating
are packaged systems for daily flows of less than
100,000 GPD. However, the process offers the same
advantages for larger facilities. The first advantage is
that the ISAM? requires smaller SBR basins than a
conventional SBR, at identical loadings. This is due
to the fact that 65% of the influent solids are removed
in the anaerobic chamber, and are therefore not
considered in calculation of the SRT. An ISAM?
designed for an average daily daily flow of 1.0 MGD,
and an SRT of 20 days will have an SBR basin
capacity of 0.67 MG, and an HRT of 16 hours. A
conventional SBR designed for a 20 day SRT would
have a capacity of 1.24 MG, and an HRT of 30 hours.
The 1.0 MGD ISAM? SBR design also includes the
SAM? reactor having a capacity of 0.14 MG. Since
the SAM? reactor contains mixed liquor, the actual
working SRT for the ISAM? process is 25 days, and
the total volume is only 66% of that of the
conventional SBR.

The ISAM? design also includes two anaerobic
influent conditioning chambers having a total capacity
of 0.50 MG. Therefore, the total volume of the entire
ISAM? SBR process is 1.31 MG, and no additional
- digesters are required. Aerobic digesters for a
conventional 1.0 MGD SBR would have a capacity of
0.30 MG if designed for a 30 day sludge age. This

means ‘that the total volume for a 1.0 MGD

conventional. SBR plus aerobic digesters would be
1.54 MG. The total volume for the ISAM? process is
1.31 MG.

The total power consumption for a 1.0 MGD
conventional SBR plus aerobic digestion would be
approximately 1,680 KWH/day. The total power
consumption for a 1.0 MGD ISAM? SBR s
approximately 845 KWH/day; 50% less than a
conventional SBR.
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The Fluidyne ISAM™ SBR system provides the following benefits,

1. Ability to handle highly variable flows and loading associated with the small flow plants. The
ISAM™ is more flexible than continuous flow plants. Regardless of flows or loading, aeration and
mixing can automatically be adjusted to optimize power and prohibit filamentous growth.

2. At high flows, solids cannot wash out as with extended aeration plants as the ISAM™ system has
quiescent settle and decant.

3. ISAM™ facilities are easily expandable by adding a new tank. The additional tank does not
require major changes in controls; only a new tank and associated equipment.

4, ISAM™ provides a small footprint with no digesters, secondary clarifiers, RAS piping and
pumping.

5. ISAM™ produces the highest quality effluent. Typical Fluidyne ISAM™ facilities are achieving
less than 10 mg/l BOD and TSS, less than 1 mg/l NH;-N, less than 5 mg/l total N, and less than 2
mg/l phosphorous.

6. Easy to operate and maintain as mechanical equipment is minimized with no chasing of sludge
associated with extended aeration plants.

7. Use of self-aspirating jet aerators eliminate blowers and blower accessories.

8. Built in sludge reduction system using the Anaerobic Conditioner/Trash Trap significantly reduces
sludge handling and hauling costs.

9. 100% stand-by aerator is included with the system to allow continuous operation with one unit out
of service.

10. Built in flow equalization is provided in the ISAM™ reactor to handle peak hours.
11. Automatic scum skimming prior to effluent discharge provides highest quality effluent.

12. Exceptional after sales service by Fluidyne technicians. Fluidyne employees have been granted
over 40 patents in wastewater and water treatment technology and equipment.

13. Reduced operation and maintenance costs as power usage is controlled through the Fluidyne
control panel.

14. Installed cost is lower as the system comes with the in-basin equipment pre-installed

15. The Anaerobic Conditioner/Trash Trap is covered and raw wastewater reacts immediately with
mixed liquor in an aerated environment, there are no odor concerns.

Fluidyne Corporation Fluidyne Florida Fluidyne Canada

2816 West First Street 2202 Gold Oak Lane 2348 Lucerne Rd, Suite 110
Cedar Falls, lowa 50613 Sarasota, FL 34232 Town of Mount Royal, Quebec
Phone: (319) 266-9967 Phone: (941) 342-8915 H3R2J8, Canada

Fax: (319) 277-6034 Fax: (941) 342-9765 Phone: (514) 739-5363
E-Mail: www.FluidyneCorp.com E-mail: ptiflorida@aol.com Fax: (514) 739-5420

E-mail: fluidyne@attcanada.net
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FLUIDYNE SAM™ SBR - BARONA, CA - WEEKLY REPORTS

INFLUENT EFFLUENT
DATE BODs | TSS | NH;-N| TKN | FOG || BOD;s | TSS | NHs-N| NO; NO, TKN | FOG
02/16/05 632 327 20.2 | 36.0 64.8 2.0 ND ND 0.1 0.02 | 050 | <1.0
02/23/05 338 226 6.7 7.8 45.5 ND ND ND ND 0.02 | 0.60 ND
03/02/05 813 390 23.5 | 35.0 75.8 4.6 ND 2.0 0.1 0.01 0.80 ND
03/09/05 653 328 15.1 22.7 88.8 4.9 ND 0.2 0.3 ND 1.10 ND
03/16/05 640 237 23.7 | 359 79.4 27 ND 0.2 0.3 0.02 1.10 ND
03/23/05 385 445 241 38.2 80.7 22 ND 2.0 0.2 0.13 | 0.70 ND
03/30/05 736 358 15.2 19.3 | 217.0 || 10.0 ND 0.1 0.1 0.03 | 0.50 ND
04/06/05 627 338 28.3 34.5 97.0 9.0 ND 0.4 ND ND 0.40 ND
04/13/05 784 356 23.0 | 27.2 31.0 12.0 ND 0.5 ND ND 0.70 ND
04/20/05 336 223 14.0 16.6 8.4 3.5 1.9 0.4 ND ND 3.30 <1
04/27/05 579 485 6.7 8.9 27.5 <2 ND 0.3 ND ND 3.10 <1
05/04/05 940 334 1.0 33.1 48.9 2.9 25 1.0 0.1 0.08 2.60 <1
05/11/05 622 330 222 | 742 66.7 <2 ND ND ND ND 1.80 ND
05/18/05 718 329 20.8 | 28.0 | 4920 ( 2.2 ND ND ND ND 0.49 ND
05/25/05 575 322 131 13.3 | 450.0 || 4.6 ND 0.5 ND ND 0.50 ND
06/01/05 711 688 240 | 258 | 327.0 || 12.3 ND 0.5 0.2 ND 0.50 ND
06/08/05 508 277 224 | 27.9 52.6 24 NO 0.1 0.4 ND 0.70 <1
06/15/05 343 185 14.9 | 22,5 90.8 <2 ND 0.5 0.4 ND 1.00 ND
06/22/05 661 477 276 | 335 | 87.2 <2 ND 0.2 0.4 ND 0.70 1.4
— 06/29/05 444 345 326 | 505 | 615 2.0 ND 0.1 0.3 0.03 0.50 ND
07/06/05 925 379 27.6 | 48.1 87.5 1% ND 0.2 0.3 0.03 0.80 ND
07/13/05 673 346 33.1 52.5 | 99.5 <2 ND 0.5 0.5 ND 0.80 | <1.0
07/20/05 650 109 29.1 43.0 | 84.9 <2 ND 0.1 ND 0.04 0.70 | <1.0
07/27/05 694 305 33.0 | 43.0 | 83.1 <2 ND 0.2 0.3 0.08 0.40 ND
08/03/05 580 324 26.3 | 28.0 | 65.9 3.6 ND 0.6 0.3 0.02 0.80 ND
AVG.YTD 623 337 209 | 322 | 116.5| 4.6 ND 0.4 0.2 | 0.03 1.01 ND
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1 System Overview

1.1 The Z-MOD™ Advantage

The ZENON Z-MOD™-S is a fully integrated wastewater treatment system that incorporates all
biological processes, ultrafiltration membranes, and ancillary equipment into a single,
compact tank, enabling simple, cost-effective set up, maintenance, and operation. These
plug-and-play ultrafiltration (UF) systems outperform conventional treatment alternatives in
all categories, offering reduced operating costs, smaller plant footprints, more reliable
performance, and high quality effluent that meets or exceeds the world’s most stringent
discharge and reuse standards.

Z-MOD™-S produces superior quality effluent through an innovative combination of immersed,
low-pressure ZENON ZeeWeed® ultrafiltration membranes and a suspended growth biological
reactor. ZeeWeed® UF membranes replace the solids separation

Z-MOD™ packaged plants ~ function of secondary clarifiers and the polishing function of

bring the proven large- granular filter media that are found in conventional activated
plant features and sludge systems. By eliminating the need for sludge settling, the
performance of Z-MOD™ MBR process can operate at mixed liquor suspended

ZeeWeed® membranes to  splids (MLSS) concentrations in the range of 10,000 to 15,000

compact, pre-engineered  5/) _three to five times greater than conventional systems,

Wastewater Weatment resulting in plants that are significantly more compact than a
conventional plant.

Fewer processes, combined with highly automated PLC operation makes plant operation less
labor intensive and much more straightforward. Plant operators are only required to perform
regular preventive maintenance on system pumps, blowers, and associated mechanical
equipment to ensure efficient biological processes and optimum membrane permeation.

Figure 1: Z-MOD™-S Configuration

Anoxic Zone

Aerobic Zone

Wastewater Treatment Plant - December 13, 2006 / Page 3 of 21
Budget Proposal # GM-06 Membrane Tank
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At the core of the Z-MOD™-S is the ZeeWeed® 500 reinforced
hollow fiber membranes—the industry’s leading choice for
long-life and high performance in the harsh, high-solids
environment of a bioreactor. The rugged fibers are held in
large modular cassettes that are immersed directly into the
bioreactor. With nominal and absolute pore sizes of 0.04
microns and 0.1 microns respectively, ZeeWeed® 500 virtually
ensures a particulate-free effluent.

Each cassette has a permeate header that is connected to the
suction side of a self priming centrifugal pump, which applies
a low-pressure vacuum to draw treated effluent through the
microscopic pores of the fibers in an outside-in flowpath. This
method of permeation minimizes energy demands and
prevents particles from fouling and plugging the inside of the
membrane fiber.

Outside-in permeation also simplifies membrane cleaning an
maintenance, enabling a continuous stream of coarse bubbles
to rise vertically along the length of the membrane to scour
rejected solids away from the membrane surface. Periodically,
the permeate flow is automatically reversed to backflush

solids that have accumulated in the membrane pores. When necessary, in-tank chemical

ZeeWeed® UF membranes
operate under a low-
pressure vacuum, drawing
clean water to the inside of
the fiber (outside-in flow
path), while leaving
impurities in the process

recovery cleanings can restore membrane permeability to
optimum levels.

ZeeWeed® 500 is the membrane of choice for strict nitrogen
and phosphorous discharge limits. The lead end of the
bioreactor is designed as an anoxic (zero dissolved oxygen)
zone. This is used to assist with pH control in standard
systems and for denitrification in applications where
extremely low levels of total nitrogen (TN) are required in the
effluent stream.

The process may be easily enhanced for significant phosphorus reduction by adding a metal
salt, such as ferric chloride or alum. As the Z-MOD™ MBR process does not rely on settling for
solid reduction, a minimal volume of metal salts is needed to create a “pin-floc”. The
membrane then effectively blocks the microscopic floc from entering the effluent stream
resulting in phosphorous levels typically below 0.1 mg/L.

Wastewater Treatment Plant - December 13, 2006 Page 4 of 21
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2 System Description

2.1 Design Criteria

The Z-MOD™-S MBR system proposed for this project is designed to treat an average daily
flow (ADF) of 0.025 MGD. The system can support a Maximum Daily Flow (MDF) of 0.050 MGD
for periods generally not exceeding 24 continuous hours. Any flow conditions greater than the
above-noted flow limits must be equalized prior to treatment in the membrane bioreactor
unit.

The following table summarizes the main design parameters on which the Z-MOD™-S MBR
system has been designed. The column titled “influent” is typical of medium strength sanitary
wastewater—to be approved by the client. The column titled “effluent” is the anticipated
treated water quality that the Z-MOD™-S can achieve based on current ZENON design.

Table 1: Design Parameters

Parameter Influent Effluent Units
Average Daily Flow Rate 0.025 0.025 MGD
Max Daily Flow Rate' 0.050 0.050 MGD
Design Water Temperature 15 °C* 15 °C "G
BODs 300 <5 mg/L
TSS 300 <5 mg/L
Alkalinity'” 250* n.a. mg/L
Turbidity n.a. <1 NTU
TP n.a. n.a. mg/L
TKN 60 <10 mg/L
NH4-N 35 <1 mg/L
E-coli ¥ n.a. = 2.2 cfu/100 ml
*Assumed

Note: Maximum daily flow can generally be maintained for periods not exceeding 24 consecutive

hours. However, the average flow for any given month shall not exceed the specified ADF If the average monthly
flow exceeds the ADF design for this system, please notify GE ZENON and the system design and pricing will be
modified accordingly.

Note®: ZENON is assuming that sufficient influent alkalinity is available to ensure proper performance of the
biological system. If influent alkalinity level is not sufficient, chemical addition will be required.

Note®: With the use of UV or Ozone post disinfection.

2.2 Standard ZENON-Supplied Equipment

The Z-MOD™-S MBR is a fully integrated system designed for rapid, plug-and-play installation.
Biological processes, membranes, pumps, chemical dosing pumps and blowers are shipped and
installed in a single compact unit.

2.2.1 Bioreactor

A single-train bioreactor is provided by ZENON. The bioreactor is a horizontal epoxy
coated steel tank. The tank is divided into an anoxic zone, aerobic zone and filtration
chamber.

Wastewater Treatment Plant - December 13, 2006 Page 5 of 21
Budget Proposal # GM-06
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Table 2: Bioreactor Characteristics

Parameter Value Units
Average Daily Flow (ADF) 0.025 MGD
Max Daily Flow (MDF) 0.050 MGD
Design HRT 14 hours
Anoxic Volume Supplied* 6,868 USgal
Aerobic Volume Supplied* 8,718 USgal
Membrane Volume Supplied 4,200 USgal
Tank Dimensions * 12’0 26 ft
Design MLSS 10-15,000 mg/L

*Note: Tank volumes and sizing are preliminary only and may change once final detail design commences.

2.2.2 Screening System
Trash and non-biodegradable solids, such as hair, lint, grit and plastics may foul or
damage the membranes if allowed to pass into the membrane chamber.

Pre-engineered self cleaning static screens can be included in the system however in
cases where they are not, to enhance the long-term operation and effectiveness of the
treatment system Zenon recommends;

An internally-fed screen with mesh or punched-hole opening less than or equal to 2
mm with no possibility of bypass or carryover.

For full redundancy, duty and standby screens can be installed.

2.2.3 Aeration System

There are two aeration blowers (one operating and one standby) mounted on the
process skid. The blowers provide air for the biological tank and ensure that sufficient
oxygen is available to maintain the biological processes in the tank. The blowers also
enable membrane air scouring, which removes accumulated organic debris from the
surface of the membrane and maintains permeability.

2.2.4 Fine Bubble Diffusers

A fine bubble diffused aeration system delivers air from the aeration blowers to the
aerobic zone of the steel tank. Z-MOD™ -S is equipped with high efficiency diffusers
that can operate with smaller aeration blowers, thus reducing operating costs.

2.2.5 Anoxic Zone Mixers

The anoxic zone is mixed using periodic air surges to turn over the contents of the
chamber and prevent solids from settling in the anoxic chamber.

2.2.6 Membrane Equipment
The membranes are assembled into cassettes that are installed in the steel biological
tank, resulting in a compact, space-saving footprint.

This system includes 16 membrane modules in two cassettes. Each cassette is part of
an independent train that provides redundancy at average daily flow.
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2.2.7 Permeate Equipment

One permeate pump per train is employed to draw water through the pores of the
membrane fibers and into the backpulse tank. Once full, the treated water is
automatically diverted away from the backpulse tank to a final disposal point.

2.2.8 Backpulse Equipment

Separate pumps mounted on the process skid are used to periodically reverse the flow
of the permeate and backpulse the membranes at regular intervals. Under normal
operating conditions “relax mode” can replace backpulsing. In this process,
permeation is stopped and aeration is used to dislodge particles from the surface of
the membrane fibers.

Unless specific operating conditions require backpulsing, the “relax mode” can provide
effective membrane cleaning while eliminating the operational cost of running
backpulse pumps.

Manual throttling valves are used to adjust the discharge flow of each pump. Permeate
and backpulse pumps are selected to optimize efficiency within their design
parameters.

2.2.9 Mixed Liquor Recirculation Equipment

Submersible recirculation pumps transfer mixed liquor from the membrane chamber to
the anoxic chamber at a rate of 4 x ADF. The sludge returns to the membrane chamber
by gravity feed through the screens at 5 x ADF.

The sludge circulation moves accumulated solids away from the membranes and
produces more uniform mixed liquor in the bioreactor.

2.2.10 Control

A GE Fanuc Programmable Logic Controller (PLC) and Panel View 600 HMI and Human
Machine Interface (HMI), installed in the main NEMA 12 control panel, monitors and
manages all critical process operations.

Level controls monitor the level of mixed liquor in the process tanks and transmit this
information to the Z-MOD™ PLC. The PLC will activate the permeate pump train to ON
during high mixed liquor levels, or to STANDBY during low mixed liquor levels in the
process tanks.

During an influent surge, the permeate pump will enable the system to handle up to
twice the ADF for a period not to exceed 24 consecutive hours. The plant operator can
set the permeate flow rate by adjusting the manual permeate flow valve.

In the event of a system or equipment problem requiring operator attention, the PLC
can either alert the operator or shut the system down.

The control panel includes all motor control hardware for the ZENON-supplied
equipment.

2.2,11 Sludge Wasting System

Sludge wasting is accomplished by periodically drawing mixed liquor directly from the
bioreactor. The frequency of wasting is a function of influent characteristics, reactor
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design and operator preference. Typically, mixed liquor wasting may be performed
monthly, or over significantly longer periods.

2.3 Additional Process Equipment

Additional process equipment may be required for the process. Details are listed below. The
following equipment may be provided by ZENON.

2.3.1 Equalization (By Others)

Equalization is required for any system with variable flow rates. An equalization (EQ)
tank must be installed prior to or built into the biological tank. ZENON can provide
additional EQ volume in the steel tank for equalization capacity. A minimum
equalization capacity of 12 to 24 hours is recommended.

2.3.2 Grinder Pumps (Option Offered)

Grinder pumps shred domestic waste to eliminate clogging and solid buildup in feed
piping. The grinder pumps are automatically activated by the PLC according to the
level controls in the equalization tank.

2.3.3 Chemical Addition (By ZENON)

2.3.3.1 Sodium Hypochlorite Dosing

The Sodium Hypochlorite Dosing system is used during cleaning process to
eliminate organic fouling on the membrane surface

2.3.3.2 Citric Acid Dosing

The Citric Acid Dosing system is used during cleaning process to eliminate
inorganic scaling on the membrane surface.

2.3.4 Effluent Flow Measurement (By Others)
An effluent flow meter can provide daily discharge flow measurements.

2.3.5 Effluent Turbidity Analyzer (By ZENON)

An effluent turbidity analyzer can monitor effluent water quality and alert operators if
effluent turbidity rises beyond acceptable parameters.

2.3.6 Effluent Disinfection (Option Offered)

Ultraviolet disinfection can be configured to meet peak flows with no redundancy or
be equipped with redundant components to meet average daily flow.

2.3.7 ZenoTrac™ (Opﬁon Available)

ZenoTrac™ is a powerful plant process support tool that provides fully automated
process data monitoring and trend analysis. The system stores field-acquired and
calculated values in a central database and provides reports via e-mail, web site or
printed documents. ZenoTrac™ helps operators to quickly view trends, improve
productivity and optimize processes.
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2.3.8 Membrane Cleaning

Air scouring and backpulsing are the day-to-day methods used to maintain membrane
flux*. Over longer periods of time, the membranes can experience fouling caused by
accumulation of organic matter or crystallized salts within the membrane fiber pores.
On these occasions, the ZeeWeed® membranes may require recovery cleaning to
restore permeability. The frequency of recovery cleaning is site-specific and directly
dependent on influent water characteristics and plant duty cycle.

Typical recovery cleaning frequency is once every six months and includes soaking the
membranes overnight in a cleaning solution. :

Recovery cleaning is a chemical process that is carried out manually and in-situ using
sodium hypochlorite and/or citric acid (as required) stored in closed-topped
transportable chemical containers. Sodium hypochlorite is used to oxidize organic
foulants and citric acid removes inorganic scaling. The membrane cassette does not
have to be removed from the Z-MOD unit in order to perform this cleaning process.

* “Flux” is defined as the amount of treated water that can pass through a given surface area of
membrane. Cleaner membranes and warmer water allow for a higher flux.

2.4 Typical Equipment Selection

Table 3: ZENON-supplied Equipment

Equipment Supplier
Membrane Modules ZENON

Backpulse Pump G&L

Permeate pump Gorman Rupp
Skid mounted reversible permeate pumps Assembled by ZENON
complete with valves and associated piping

Membrane air scour & process air blowers Aerzen

Flow meter, magnetic Endress & Hauser
Pressure transmitter Endress & Hauser
Pressure level transmitter Endress & Hauser
Level switches Signal Master
Pressure indicators Ashcroft
Temperature indicator Ashcroft
Automatic valves (3” and above) Keystone

Ball valves - stainless steel Pinacle

Ball valves - PVC Chemline
Diaphragm valves Chemline
Butterfly valves (3” and above) Keystone

PVC Ball Check valves Chemline
Storage tanks Aco-Equipment
Chemical dosing pumps Prominent
Recirculation pumps Price

Grinder Pumps ABS

HMI GE

PLC GE

Wastewater Treatment Plant - December 13, 2006 Page 9 of 21

Budget Proposal # GM-06



GE

Water & Process Technologies
ZENON Membrane Solutions

3 Support Services

3.1 Business Hours - Technical Support

For the life of each system supplied by ZENON Membrane Solutions, Plant Operators have
telephone access to a skilled ZENON technical support specialist who will assist Plant
Operators in troubleshooting of system problems during business hours. Plant Operators call
the telephone number provided during the period 8:30 am to 5:00 pm. Eastern Time Zone
GMT -5 and ask for Technical Support for issues occurring during these business hours and for
non-urgent issues.

Having the following plant documentation conveniently available to the plant operator and to
the telephone will contribute to effective and rapid troubleshooting.

a) The electrical drawings showing the location of devices and fuses;

b) The Process & Instrumentation drawings (P&ID’s);

c) The Control Narrative (CN) describing how your plant operation is controlled;

d) The Control Logic Summary Chart (CLSC) listing alarms and alarm responses;

e) The Operation Sequence Chart (0SC), explaining which valves and pumps are open or

running during each mode of your plant operation.

3.2 After-Hours 24/7 Emergency Telephone Technical Support

One year of 24/7 Emergency Telephone Technical Support is included with your plant
purchase.

Our Technical Support Group is always on call 24/7/365. The Technical Support team is
equipped with the system information for the plant to effectively talk a Plant Operator
through an emergency. This allows the Plant Operators to contact a ZENON Technical expert
in the event of any emergency condition, potentially averting loss of plant production and
expensive call outs. The Plant Operator calls the toll-free number provided at startup and
cites the Plant’s Access Code. The Telephone Technical Support Group maintains dedicated
hard copy of all plant drawings for rapid reference during 24/7 support calls. The Telephone
Technical Support group has portable computers equipped to dial into the plant control
system, if permitted and setup for this, in order to gain a better understanding of the
situation, and to make any necessary adjustments to set points or software.

Not all issues can be resolved through telephone support. In the event that the ZENON
Technical Support Group cannot resolve the problem with the Operator over the phone, on
site service and off-site programming is available at the rates and under the conditions
published in the ZENON Services Labour Rate Sheet. Should a situation require a more
detailed investigation of control code, a ZENON programmer is on call at all times. Process
Support engineers are pulled in as required to resolve the more difficult process issues.

Contact the ZENON Technical Support Group for pricing information.
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4 Scope Of Supply - ZENON
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Qty Item

1 Aeration Equipment - (1) Standby and (1) Operating Blower for Included
membrane and aerobic chamber aeration. Includes piping, diffusers,
pressure gauge, low flow switch and associated valving

1 Anoxic Mixing - Anoxic down tubes and automated isolation valve for Included
periodic anoxic mixing using process air.

1 Aerobic Equipment - Stainless Steel aeration diffusers and associated Included
piping are included

1 Membrane Equipment - Zeeweed Membranes, cassette hardware, Included
piping and associated valving

1 Recirculation Equipment - (1) Standby and (1) Operating recirculation Included
pump operating at 4xADF transferring mixed liquor from the
membrane chamber to the anoxic chamber. Includes piping, (2)
pressure gauges and associated valving

1 Permeate Equipment - (1) Standby and (1) Operating self priming Included
permeate pump, (2) pressure transmitters, (2) flow meters, piping
and associated valving

1 Backpulse Equipment - (1) Standby and (1) Operating centrifugal Included
Backpulse pump, Backpulse Tank, Tank level control, piping and
associated valving

1 Plant Fabrication Equipment - Epoxy Coated Carbon Steel biological Included
tank and equipment skid provided

1 System Hardware - GE PLC, HMI, Control Panel and MCC included Included

1 Plant Commissioning - Zenon trained personnel for plant start-up and Included
operator training

1 Effluent Turbidity Meter - Turbidity meter including isolation valves, Included
throttle valve and backplate.

1 UV Disinfection - Average Flow - UV Unit designed for average flow Option
including piping and isolation valves

1 Low TN Recirculation Pumps - (1) Standby and (1) Operating Available on
recirculation pump that recirculates mixed liquor from Aerobic to Request
Anoxic zones at 5xADF

1 Co-Nutrient Addition - Includes dosing pump, storage tank, tank tray Available on
and cabinet, drum pump and associated valving. Request

1 EQ Tank Grinder/Transfer Pump - (1) Standby and (1) Operating Option
submersible Grinder pump transferring raw sludge from the EQ tank to
the Process tank at roughly 1.5xPDF. Includes piping, guide rail
assembly, (3) level switches and associated valving

1 Citric Systems - Includes dosing pump, storage tank, tank tray, tank Included
mixer, associated valving and piping

1 NaOCl Systems - Includes dosing pump, storage tank, tank tray, Included
associated valving and piping

1 Coagulant Addition - Includes dosing pump, storage tank, tank tray, Available on
associated valving and piping Request

1 pH Control - Includes dosing pump, integrated pH sensor and drum Available on
tray Request

1 Membrane Blower Encolsure - N/A Available on

Request

Additional man-hours will be billed separately from the proposed system capital cost at a rate of $950 US per day
plus living and traveling expenses. Detailed ZENON Membrane Solutions service rates are available upon request.
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4.1 Scope of Supply - Others
The following items are for supply by OTHERS and will include, but are not limited to:

v Overall plant design responsibility;

. Review and approval of design parameters related to the membrane separation
system;

° Review of ZENON-supplied equipment drawings and specifications;

° Detail drawings of all termination points where ZENON equipment or materials tie into
equipment or materials supplied by others;

o Equipment foundations, civil work, equipment mounting pads, buildings etc.;

° Receiving, unloading and safe storage of ZENON-supplied equipment at site until ready
for installation;

° HVAC equipment design, specifications and installation (where applicable);

® UPS, power conditioner, emergency power supply and specification (where
applicable);

° Process and utilities piping, pipe supports, hangers, valves etc. including but not
limited to:
o Piping, pipe supports and valves between ZENON-supplied; equipment and

other plant process equipment;

o Piping between any loose-supplied ZENON equipment;
o Equalization tank system piping (where applicable);

. Electrical wiring, conduit and other appurtenances required to provide power

connections as required from the electrical power source to the ZENON control panel
and from the control panel to any electrical equipment, pump motors and instruments
external to the ZENON-supplied enclosure;

= All bolts, brackets and fasteners to install ZENON-supplied equipment;

@ Raw materials, chemicals, and utilities during equipment start-up and operation, bulk
chemical storage facilities;

° Laboratory services, operating and maintenance personnel during equipment
checkout, start-up and operation;

° Disposal of initial start-up wastewater and associated chemicals.
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5 Commercial Terms

5.1 Pricing

Qty Item Price
1 Z-MOD™-58 unit, fully assembled with 8 membrane modules for a UsD 372,726
capacity of 0.025 MGD ADF, 0.050 MGD MDF.
Optio UV Disinfection, Duty and Standby, designed for average daily flow 28,378
n
Optio  EQ Tank Grinder/Transfer Pump - (1) Standby and (1) Operating 13,773
n submersible Grinder pump transferring raw sludge from the EQ tank to
the Process tank at roughly 1.5xPDF. Includes piping, guide rail
assembly, (3) level switches and associated valving

5.2 Validity

Pricing is valid for 30 days, after which it may be subject to change.

All orders are subject to review and acceptance by ZENON Membrane Solutions.

5.3 Freight, Taxes and Duties

All equipment is quoted FCA Oakville, Ontario. No freight, taxes or duties are included in the
above-noted pricing. All freight, taxes and duties are for the account of the purchaser.

5.4 Terms of Payment
The budget pricing quoted in this proposal is based on the following terms of payment:

o 15% with Purchase Order;
° 30% on submission of General Arrangement Drawings;
o 50% on notification that equipment is ready to ship;

° 5% within thirty (30) days of equipment start-up or within sixty (60) days of equipment
shipment, whichever is sooner.

ZENON shall only proceed with preparation of Engineering Drawings upon receipt of a formal
purchase order and a written Notice to Proceed with Engineering Drawings from the Buyer.
If, as of the date Engineering Drawings are submitted, the Buyer terminates ZENON's
Contract, then the Buyer shall pay Zenon the milestone price for Engineering Drawings, or
ZENON's actual costs plus 10% for drawing preparation to the date of notice of termination,
whichever is greater.

ZENON shall only proceed with procurement and production of equipment and materials upon
receipt of a formal purchase order and a written Notice to Proceed with Equipment and
Materials Supply from the Buyer.
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5.5 Typical Schedule

A typical drawing submission and equipment shipment schedule is indicated below. Drawing
submission milestones and equipment shipment periods are quoted from date of receipt of a
formal signed purchase order:

Submission of P&ID, Bill of 4 weeks after acceptance of a Purchase Order by ZENON
Materials, General layout

Equipment Shipment 10 - 12 weeks from drawing submittal

Plant Operation Manuals 2 weeks after shipment of equipment to site

Operator Training When preferred by Client but no later than 2 weeks prior to the

scheduled plant start-up

5.6 Limit of Liability

ZENON'’s liability for damages shall not exceed the payment, if any, received by ZENON for
the materials or services furnished or to be furnished, as the case may be, which is the
subject of claim or dispute. In no event will ZENON be liable for incidental, consequential or
special damages, of any kind, however caused, arising out of, or in any way connected with,
the materials or services furnished by ZENON to the customer.

5.7 Indemnification

ZENON'’s indemnity and hold harmless obligations as to any claim or suit within the scope of
this clause shall be reduced to the extent of any concurrent negligence, or violation of law by
Buyer. ZENON shall be obligated, however, to defend Buyer against any claim or suit arising
from an alleged defect in the Equipment or from ZENON’s acts or omissions in connection
with this Agreement unless and until the extent of Buyer’s concurrent negligence, or violation
of law is agreed to by Buyer and ZENON or finally determined through the applicable dispute
resolution process. Once the proportion of Buyer’s concurrent responsibility has been
established, Buyer shall be obligated to contribute that proportion of ZENON’s past and future
costs of defense and settlement of the claim or suit.

For purposes of this clause as well as the indemnity, hold harmless and defense obligations ,
the term Buyer includes Buyer, Owner and its and their officers, employees, affiliates,
agents, successors, and assigns, and such other entities of which Buyer may notify ZENON as
being participants in the Project to which this Agreement relates.

5.8 Customer Caused Shipping Delays

Where ZENON has procured the equipment, including membranes, in accordance with the
Customer’s purchase order and the equipment is being stored at the ZENON production
facility and is ready for shipment to the project site on the “shipping date”, and where the
Customer is not ready to receive the equipment or does not have adequate facilities for
properly storing the equipment at the project site, the Customer shall provide written
notification to ZENON, at least 15 calendar days before the scheduled shipment date, advising
that there shall be a Customer caused shipping delay, and on or before the scheduled
shipment date, send a representative to the ZENON production facility, at the Customer’s
expense, to jointly inspect the equipment with a ZENON representative and to certify that
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the materials are now ready for shipment, and provide the ZENON representative with a
payment of the amount due to ZENON upon shipment and delivery of the equipment.

As ZENON receives the payment of the amount due to ZENON upon shipment and delivery of
the equipment, ZENON shall issue the Customer a Lien Waiver and Warehouse Receipt,
whereby the Customer takes ownership of the materials and ZENON agrees to store the
materials in a secured facility, for a storage fee of warehouse floor area occupied (amount to
be negotiated), until such time as the Customer provides ZENON with written notification that
the project site is ready to receive the materials and written instruction is given to ZENON to
deliver the materials to the project site.

Warranties on equipment, other than membranes, potentially supplied under this contract
shall begin on the scheduled date for delivery of the equipment as specified at the time a
Notice to Proceed with equipment purchasing has been received from the buyer. The start
date for the equipment warranty may only be delayed if Zenon receives written notice no less
than ten (10) weeks prior to the scheduled shipment date that shipment of equipment is to be
delayed and a new scheduled shipment date has been identified.

5.9 Customer / Contractor Caused Commissioning Delays

On time completion of the start up and commissioning services will require satisfactory
installation of all equipment by the Owner’s Installation Contractor. In order to prevent
delays in the start-up and commissioning schedule and cost overages due to these delays,
ZENON will utilize an Installation Check List as part of a full Commissioning Plan to ensure all
tasks are identified and scheduled. ZENON Field Service personnel will not be deployed to site
for start-up and commissioning services until the Installation Check List is completed by the
General Contractor and approved in writing by the Owner’s Engineer. This will ensure that
ZENON field service personnel will be able to complete all start-up and commissioning tasks
upon arrival at the project site.

In the event equipment installation tasks, identified as being completed on the Installation
Check List, are found to be incomplete upon arrival at site, ZENON will be entitled to back
charge the General Contractor and or Owner for delays associated with the incomplete
equipment installation tasks. Charges will be billed at ZENON Field Service Labor Rates.
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6 Standard Terms and Conditions

ZENON Membrane Solutions, a part of GE Water & Process Technologies, hereinafter referred to as ZENON, desires
to provide its Customers with prompt and efficient service. To negotiate individually the Terms and Conditions of
each Sales contract would substantially impair ZENON’s ability to provide such service. Accordingly, Products and
Services furnished by ZENON are sold only on the Terms and Conditions stated herein. Notwithstanding any terms
or conditions on Customer’s order, ZENON’s performance of any contract is expressly made conditional on
Customer’s agreement to ZENON’s Terms and Conditions of Sale unless otherwise specially agreed to in writing by
ZENON. In the absence of such agreement, commencement of performance and/or shipment shall be for
Customer’s convenience only and shall not be deemed or construed to be acceptance of Customer’s Terms and
Conditions, or any of them. If a contract is not earlier formed by mutual agreement in writing, acceptance of any
Product or Service shall be deemed acceptance of the Terms and Conditions stated herein. All contracts for the
Sale of Products shall be construed under and governed by the law of the location of ZENON’s plant at Oakville,
Ontario, Canada.

QUOTATION AND PRICES

All quotations are subject to the Terms and Conditions stated herein as well as any additional Terms and
Conditions that may appear on the face hereof. In the case of a conflict between the Terms and Conditions stated
herein and those appearing on the face hereof, the latter shall control. ZENON’s prices and quotations are subject
to the following:

a)  All published prices are subject to change without notice.

b)  Unless otherwise specified in writing, all quotations expire thirty (30) days after date thereof, may be
terminated earlier by notice and constitute only solicitations for offer to purchase; further, budgetary
quotations and estimates are for preliminary information only and shall neither constitute offers, nor
impose any obligation or liability upon ZENON.

c) Unless otherwise stated in writing by ZENON, all prices quoted shall be exclusive of transportation,
insurance, taxes (including, without limitation, any sales, use, or similar tax, and any tax levied on or
assessed to ZENON after Product shipment by reason of ZENON’s retention of a security interest as
provided herein), license fees, customs fees, duties and other charges related thereto and Customer
shall report and pay any and all such shipping charges, premiums, taxes, fees, duties and other charges
related thereto, and shall hold ZENON harmless therefrom, provided that, if ZENON, in its sole
discretion, chooses to make any such payment, Customer shall reimburse ZENON in full upon demand.

d) Stenographic, typographical and clerical errors are subject to correction.

e) Prices quoted are for Products only and do not include technical data, proprietary right of any kind,
patent rights, qualification, environmental or other than ZENON’s standard tests and other than
ZENON’s normal domestic commercial packaging unless expressly agreed to in writing by ZENON.

f)  Published weights and dimensions are approximate only. Certified dimension drawings can be obtained
upon request. Manuals, drawings or other documentation required hereupon must be referenced
specifically.

This is merely a quotation, and the technology disclosed herein may be covered by one or more ZENON patents or
patent applications. Any disclosure in this offer does not hereby grant, and nothing contained in the offer shall
obligate ZENON to grant, an option to obtain a license to any technology or any other rights under any patent now
or hereafter owned or controlled by ZENON.

TERMS OF PAYMENT

Unless credit is granted or otherwise specified in writing, payment is due upon shipment. All payments on
approved credit accounts shall be due in full thirty (30) days from date of invoice. Past due balances shall be
subject to a service charge of 1-1/2% per month (18% per annum), but not more than the amounts allowed by law.
Partial shipments will be billed as made and payments therefor are subject to the above terms. Payment shall not
be withheld for delay in delivery of required documentation unless a separate price is stated therefor, and then
only to the extent of the price stated for such undelivered documentation. ZENON may cancel or delay delivery of
Products in the event Customer fails to make prompt payment therefor, or in the event of an arrearage in
Customer’s account with ZENON. ZENON hereby retains a security interest in the Products furnished until Customer
has made payment in full in accordance with the terms hereof. Customer shall cooperate fully with ZENON to
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execute such documents and to accomplish such filings and/or recordings thereof as ZENON may deem necessary
for the protection of ZENON’s interest in the Products furnished.

TRANSPORTATION AND RISK OF LOSS

Transportation will normally follow Customer’s shipping instructions, but ZENON reserves the right to ship Products
freight collect and to select the means of transportation and routing when Customer’s instructions are deemed
unsuitable. Unless otherwise advised, ZENON may insure to full value of the Products or declare full value thereof
to the transportation company at the time of shipment and all freight and insurance costs shall be for Customer’s
account. Risk of loss and/or damage shall pass to Customer at the FCA point, which shall be the point of
manufacture or such other place as ZENON shall specify in writing, notwithstanding installation by or under
supervision of ZENON. Confiscation or destruction of, or damage to, Products shall not release, reduce or in any
way affect the liability of Customer therefor. All Products must be inspected upon receipt and claims should be
filed with the transportation company when there is evidence of shipping damage, either concealed or external.
Notwithstanding any defect or nonconformity, or any other matter, risk or loss and/or damage shall remain with
the Customer until the Products are returned at Customer’s expense to such place as ZENON may designate in
writing. Customer, at its expense, shall fully insure Products against all loss and/or damage until ZENON has been
paid in full therefor, or the Products have been returned, for whatever reason, to ZENON,

PERFORMANCE

ZENON will make all reasonable effort to observe its dates indicated for performance. However, ZENON shall not
be liable in any way because of any delay in performance hereupon due to unforeseen circumstances or to causes
beyond its control, including, without limitation, strike, lockout, riot, war, acts of terrorism, fire, act of God,
accident, failure or breakdown of components necessary to order completion, subcontractor, supplier or customer
caused delays, inability to obtain or substantial rises in the price of labour, materials or manufacturing facilities,
curtailment of, or failure to obtain sufficient, electrical or other energy supplies, or compliance with any law,
regulation or order, whether valid or invalid of any cognizant governmental body or any instrument thereof
whether now existing or hereafter created. Performance shall be deemed suspended during, and extended for,
such time as any such circumstances or causes delay its execution. Whenever such circumstances or causes are
remedied, ZENON will make, and Customer shall accept, performances hereupon. In addition, ZENON’s inventories
and current production must be allocated so as to comply with applicable Government regulations. In the absence
of such regulations, ZENON reserves the right, in its sole discretion, to allocate inventories and current production
and substitute suitable materials when, in its opinion, such allocation or substitution is necessary due to such
circumstances or causes. No penalty clause of any kind shall be effective. As used herein, “performance” shall
include, without limitations, fabrication, shipment, delivery, assembly, installation, testing, and warranty repair
or replacement as applicable.

ACCEPTANCE

The furnishing by ZENON of a Product to the Customer shall constitute acceptance of that Product by Customer,
unless notice of defect or nonconformity is received by ZENON within thirty (30) days of receipt of the Product at
Customer’s designated receiving address; provided that, for Product for which ZENON agrees in writing to perform
acceptance testing after installation, the completion of ZENON’s applicable acceptance tests, or execution of
ZENON'’s acceptance form by Customer, shall constitute acceptance of the Product by Customer. Notwithstanding
the foregoing, any use of a Product by Customer, its agents, employees, contractors or licensees for any purpose,
after receipt thereof, shall constitute acceptance of that Product by Customer. ZENON may repair or, at its
option, replace defective or non-conforming parts after receipt of notice of defect or nonconformity.

ASSIGNMENTS AND TERMINATIONS

Any assignment by Customer of any contract hereupon without the express written consent of ZENON is
void. No order may be terminated by Customer except by mutual agreement in writing. Terminations
by mutual agreement are subject to the following conditions:

a) Customer will pay, at applicable contract prices, for all Products which are completely manufactured
and allocable to Customer at the time of ZENON’s receipt of notice of termination.

b)  Customer will pay all costs, direct and indirect, which have been incurred by ZENON with regard to
Products which have not been completely manufactured at the time of ZENON’s receipt of notice of
termination.

c) Customer will pay a termination charge on all other determined costs and other charges. To reduce
termination charges, ZENON will divert completed parts, material or work-in-process from terminated
contracts to other Customer’s whenever, in ZENON’s sole discretion, it is practicable to do so.

ZENON may terminate the agreement for cause, at its discretion, whenever approved payments are overdue.

PATENTS AND OTHER INDUSTRIAL PROPERTY RIGHTS
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ZENON will hold Customer harmless, as set forth herein, in respect to any claim that the design or manufacture of
any Product in ZENON’s commercial line of Products, or manufactured to specifications set by ZENON and
furnished herein, constitutes an infringement of any patent or other industrial property rights of the United States
or Canada. ZENON will pay all damages and costs, either awarded in a suit or paid, in ZENON’s sole discretion, by
way of settlement, which are based on such claim of infringement, provided that ZENON is notified promptly in
writing of such claim of infringement but there is no liability whatsoever herein with respect to any claims settled
by Customer without ZENON’s prior written consent. In the event that ZENON is required to hold Customer
harmless hereupon, ZENON will, in its sole discretion and at its own expense, either procure for Customer the right
to continue using said Product, replace it with a non-infringing product, or remove it and refund an equitable
portion of the selling price and transportation costs thereof. This shall constitute ZENON’s entire liability for any
claim based upon or related to any alleged infringement of any patent or other industrial rights. Customer shall
hold ZENON harmless against any expense, loss, costs or damages resulting from claimed infringement of patents,
trademarks, or other industrial property rights arising out of compliance by ZENON with Customer’s designs,
specifications, or instructions. ZENON disclaims liability for U.S. or Canadian patent or copyright infringement
arising from use or manufacture by anyone of inventions in connection with products or services sold, used, or
intended for sale or use, in performing contracts within the United States or Canada.

WARRANTY

1)  Unless otherwise agreed to in writing, ZENON warrants its Products to be free from defects in material or
workmanship for a period of 12 months from the shipment of Product by ZENON, provided that such Products
are used, cleaned and maintained in accordance with the ZENON’s instructions. This warranty does not apply
to normally replaceable parts or components such as filter cartridges, pump seals, membranes etc., (see
below for membrane warranties).

2)  Customer undertakes to give immediate notice to ZENON if goods or performance appear defective and to
provide ZENON with reasonable opportunity to make inspections and tests. If ZENON is not at fault, Customer
shall pay ZENON the costs and expenses of the inspections and tests.

3) ZENON’s obligations under this warranty are limited to the repair or replacement at its factory, of any device
or part thereof which shall prove to have been thus defective. If Customer asks ZENON to replace defective
parts at Customer’s premises, Customer agrees to pay for any traveling time and expenses, plus the ZENON’s
labour to complete the replacement/repair.

4)  Goods shall not be returned to ZENON without ZENON’s permission. ZENON will provide Customer with a
“Return Material Authorization” number to use for returned goods. All returns are F.0.B. - Oakville, Ontario,
Canada. Repaired or replaced items will be shipped back to customers from ZENON FCA Oakville, Ontario.

5) Warranty on the membranes applies only if the membrane element(s) has been operated and cleaned
according to ZENON’s instructions. When either permeate or concentrate flow drops by 10% from the original
rates at the same operating conditions, cleaning must be initiated or the warranty will be null and void.
Elements must be clean and be kept moist. They should be shipped to ZENON in water-tight bags and must be
protected from freezing. WARNING - if element conditions of use given in ZENON’s instructions are not
followed, the warranty will be null and void.

Implied warranties, including but not limited to warranties of fitness for particular purpose, use or
application, and all other obligations or liabilities on the part of the ZENON, unless such warranties,
obligations or liabilities are expressly agreed to in writing by ZENON, are null and void.

DAMAGES AND LIABILITY

ZENON’s liability for damages shall not exceed the payment, if any, received by ZENON for the unit of product or
service furnished or to be furnished, as the case may be, which is the subject of claim or dispute, to a maximum of
ten percent (10%) of ZENON’s total contract value for all such claims under this Agreement. In no event will
ZENON be liable for incidental, consequential or special damages of any kind, however caused, arising out of, or in
any way connected with, the products furnished by ZENON to Customer.

DISPUTES

All disputes under any contract concerning Products not otherwise resolved between ZENON and Customer shall be
resolved in a court of competent jurisdiction for the location of ZENON’s plant at Oakville, Ontario, Canada, and
no other place. Provided that, in ZENON’s sole discretion, such action may be heard in some other place
designated by ZENON, if necessary to acquire jurisdiction over third persons, so that the dispute can be resolved in
one action. Customer hereby consents to the jurisdiction of such court or courts and agrees to appear in any such
action upon written notice thereof. No action, regardless of form arising out of, or in any way connected with, the
Products or Services furnished by ZENON, may be brought by Customer more than one (1) year after the cause of
action has occurred. If any part, provision or clause of the Terms and Conditions of Sale, or the application thereof
to any person or circumstances, is held invalid, void or unenforceable, such holding shall not affect and shall leave
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valid all other parts, provisions, clauses or applications of the Terms and Conditions remaining, and to this end the
Terms and Conditions shall be treated as severable.

NON-EXCLUSIVE ROYALTY FREE LICENSE

ZENON grants Customer a non-exclusive royalty free license to make or use any process or apparatus claimed in
any patent owned by ZENON but only to the extent that this license is required by Customer to build and operate
the Membrane System described in this contract using ZeeWeed® membrane modules supplied by ZENON. All

The enclosed materials are considered proprietary property of GE ZENON ULC. No assignments
either implied or expressed, of intellectual property rights, data, know how, trade secrets or
licenses of use thereof are given. All information is provided exclusively to the addressee and
agents of the addressee for the purposes of evaluation and is not to be reproduced or divulged to
other parties, nor used for manufacture or other means, without the express written consent of GE
ZENON ULC. The acceptance of this document will be construed as an acceptance of the foregoing

other rights are reserved.
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2 System Description

2.1 Design Criteria

The Z-MOD™-S MBR system proposed for this project is designed to treat an average daily
flow (ADF) of 0.025 MGD. The system can support a Maximum Daily Flow (MDF) of 0.050 MGD
for periods generally not exceeding 24 continuous hours. Any flow conditions greater than the
above-noted flow limits must be equalized prior to treatment in the membrane bioreactor
unit.

The following table summarizes the main design parameters on which the Z-MOD™-S MBR
system has been designed. The column titled “influent” is typical of medium strength sanitary
wastewater—to be approved by the client. The column titled “effluent” is the anticipated
treated water quality that the Z-MOD™-S can achieve based on current ZENON design.

Table 1: Design Parameters

Parameter Influent Effluent Units
Average Daily Flow Rate 0.025 0.025 MGD
Max Daily Flow Rate!” 0.050 0.050 MGD
Design Water Temperature 15 *L* 15 °C °C
BOD; 300 <5 mg/L
TSS 300 <5 mg/L
Alkalinity" 250* n.a. mg/L
Turbidity n.a. <1 NTU
TP n.a. n.a. mg/L
TKN 60 <10 mg/L
NH4-N 35 <1 mg/L
E-coli ¥ n.a. <2.2 cfu/100 ml
*Assumed

Note®: Maximum daily flow can generally be maintained for periods not exceeding 24 consecutive

hours. However, the average flow for any given month shall not exceed the specified ADF If the average monthly
flow exceeds the ADF design for this system, please notify GE ZENON and the system design and pricing will be
modified accordingly.

Note®: ZENON is assuming that sufficient influent alkalinity is available to ensure proper performance of the
biological system. If influent alkalinity level is not sufficient, chemical addition will be required.

Note®: With the use of UV or Ozone post disinfection.

2.2 Standard ZENON-Supplied Equipment

The Z-MOD™-S MBR is a fully integrated system designed for rapid, plug-and-play installation.
Biological processes, membranes, pumps, chemical dosing pumps and blowers are shipped and
installed in a single compact unit.

2.2.1 Bioreactor

A single-train bioreactor is provided by ZENON. The bioreactor is a horizental epoxy
coated steel tank. The tank is divided into an anoxic zone, aerobic zone and filtration
chamber.

Wastewater Treatment Plant - December 13, 2006 Page 5 of 21
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FACTSHEET

Smith & Loveless, Inc.
Manutaciurers of gualily wastewater systems

The Factory-Built ADDIGEST® Treatment Plant

The Factory Built ADDIGEST is an aerobic wastewater treatment system designed for both municipal
and industrial applications. The trade name ADDIGEST is derived from "add-on-digestion" and attests to
the versatility of this system. It offers treatment from basic BOD and TSS removal to nutrient removal and

advanced treatment.

Design Flexibility

& Customize the system for any level of
treatment — ranging from basic BOD removal to
advanced treatment suitable for water reuse.

¢ Provide treatment for extended aeration
loadings to 56,000 gpd (212 m*/d) in a single
manufactured tank. For larger capacity, see
Factsheet 2-1246 on the Field-Erected
ADDIGEST.

& Add either hopper bottom type clarifiers or all
steel circularclarifiers withrotating sludge
collectors easily.

& Choose either above or below grade installation.

& Meet space requirements with end-to-end or
side-by-side installation, ensuring an efficient
footprint for multiple tank installations.

¢ Simplify restrictive shipping limitations with the
availability of compenent and weld together
units.

The ADDIGEST has
proven itself in
funereds of
installations.

The Benefits

& Design offers virtually unlimited capacity and
wastewater treatment capabilities.

¢ V-crimped walls provide greater rigidity and
economy in manufacturing, while minimizing
weight.

& Design makes the Factory-Built ADDIGEST
easy to install and operate with little routine
maintenance. There are virtually no moving
parts.

& Inspection occurs on every Factory-Built
ADDIGEST priorto shipment, ensuring quality.

¢ V-crimped structural walls create greater
volume per unit-dimension than a circular cross
section, reducing corrosion compared to plants
with [-beams for structural reinforcement.

¢ VERSAPOX?® coating on all surfaces ensures
the best resistance against corrosion and
abrasion.

1-1246



Factory-Built ADDIGEST

FACTSHEET

Various treatment confipurations can be achieved with the versatile Factory-Built ADDIGEST to meer efffuent requirements
ranging from prefreatment to rewse. The Factory-Built ADDIGEST afso comes in full hopper clarifier and circudar clarifier

canfiprarions,

Inlet Bar Sludge Storage .
e Fia i Aeration Zone fil
e T e e ™ ol s —u—[ ! -
] -
: __ . L, i i
; o o ]
Flow Equalization  Anoxic Chlerine Clarifier
Zone Zone Contact Zone

More Benefits Add-On-Digestion

& Electrical controls and instrumentation, air
blowers, walkways, grating, access ladders and
other accessories are readily available to
provide acomplete installation,

& Installation ready, the Factory-Built
ADDIGEST can be installed upon arrival,
reducing standard delivery time,
erection time and installation costs,

& Smith & Loveless provides single-source
responsibility, from design and process
engineering to manufacturing and installation.

Eavtli-insulated, this F(t:?!(ﬂ'Bu! ADDIGEST is
installed below grade. as shown above.

Flexibility is the key to the Factory-Built
ADDIGEST. The basic unit is equipped with an
aeration tank and a clarifier. To this basic unit,
several components can be added to meet effluent
requirements including:

b Flow Equalization
& Clarification
¢ Sludge Storage
& Filtration
8 Disinfection (Chlorination or UV)
& Past Aeration
¢ Dechlorination
¢ Nutrient Removal
(Nitrogen and Phosphorus)
& Nitrification

Smith & Loveless, Inc.
14040 Santa Fa Trail Drive
Lenexa, K586215-1284
United States of Amearica
Fhone: 913-888-5201
Fax: 913-888-2173
Parts: 800-822-0048

httptwww.smithandloveless.com
E-mail: answers@smithandlavelass.com

Solutions for a world of water problems

@I9YE Smith & Loveless, Inc.
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PACKAGE TREATMENT PLANT

LOCATION Maranz, AZ

ENGINEERING ORDER

SERIAL NUMBER 37-00187-P

Model No. 12AD50

Above Grade (X)

Average Flow 50,000 GPD

(See Special

Total Length 54..51

s)

Organic Loading _150 mg/l

Mode Of Cperation Extended Operation

No. of Tanks 2 (Separate Tank)

COMPARTMENTS:

Sludge Storage: 6,000 Min, Gallons 8’ -67 Length 9/ -07 Wide
Aeration Zone: 34,750 Min. Gallons 36.9’ Length

Clarifier Zone: HC-142 Model 12’ -0” Length
Anoxic Zone: 4,150 Min. Gallons 8’'-10” Length
Chlorination Zone: 1800 Min. Gallons 8’-6” Length x 3’ Wide
BLOWERS:
Quantity 2 Model No. 7L320 Mfg.
CEFM 311 RPM 2169 PSI 6.0
MOTORS :
Horsepower 15 RPM 1800 Electrical 3 Ph/60 HZ/460 Volt
OoDP X
ACCESSORIES:

Control Panel NEMA 3R - Provide contreols for all blowers — Two 15 HP
blowers and mixers.

Painting: V‘ersapox®

SPECIAL REQUIREMENTS

1.

Make this a mirror-image of S/N 37-00186-P, with the service
platform on the chlorinator side of the tank.

Provide plant 12/-07 wide x 11-1/2°/

Influent conditicons are noted below:

BOD - 150 mg/1l
TSS — 200 mg/1l
TKN - 48 mg/l
NH: - 38 mg/1l

Effluent Requirements:
BOD - 20 mg/l

TSS - 20 mg/1

TKN - <10 mg/1

Elevation is 2,000 ft.

tall x 54’-27 long.
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SPECIAL MATERIALS

Location: Marana, AZ Serial Number 37-00187-P
Page No. 2

4. Air Requirements:
Recycle Airlift - 65 cfm
Sludge Storage - 16 cfm
Aeration Tank — 212 cfm
Chlorination Tank — 8 cfm
Clarifier - 10 cfm
5. Provide an zaluminum access ladder to top of plant.
6. Provide two znoxic mixers (one for each zone).
7. Provide one (1) two-diffuser drop pipe for the sludge storage zone.

8. Provide six (6) four-diffuser drop pipes for the aeration zone.

9. Provide ocne (1) Sanuril Model 1000 chlerinator in the chlorination
zone with the baffles used as the mixers.

10.Provide a walkway for maintenance for the anoxic mixers.
11.Provide a 3” flange in the sludge storage zone for sludge removal.
12 .Provide one (1) 3-way splitter capable of handling 150,000 GPD.

Initially only two units will be online requiring only 100,000 GPD.
Provide 2 blind flange to prevent flow to the future site of the

A W oM A

;'E.

third Addigest®.

13.Provide 8% recvcle airlift capable of recycling 52 GPM.

SALES ENGINEERING _MAINTENANCE MANUAL QTY. COMPANION S/N
PREPARED BY DATE _ Preliminary Copies _0O 37-00186-P
M.C. Copy e
Start-Up Copy L
Equipment Copies 1
Rep Copy 0
Customer 0
C. Berger 5-25-00 Total O&M's 3
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Specification
Smith & 14040 W. Santa Fe Trail Dr. March, 1998
Loveless, Inc.® Lenexa, Kansas 66215-1284 Page 1

SPECIFICATIONS FOR
FACTORY-BUILT ADDIGEST® TREATMENT PLANTS

MARANA, AZ - 37-00186, 87-P

GENERAL

day. .

CONSTRUCTION

shall be completely dewaterable, independently, when installed on grade,

Inlet and outlet connections shall be as shown on the drawings.

AERATION

individual throttling of the air flow.

SLUDGE RETURN

clarifier as shown on the drawings.

CLARIFIER

shall be as shown on the drawings.

approximately 4" apart. The scum baffle shall be 1/4" steel plate x 6" deep welded to the tank wall,
The clarifier surface area shall be 144 sq. ft.

AN --NE B B B -3 EEAEE A - R W W

© Smith & Loveless, 1998

The contractor shall furnish and install two Smith & Loveless Model 12 AD 50 Factory-Built ADDIGEST® Treatment
Plants as shown on the drawings and specified herein. Similar units may be provided for parallel operation where the total
capacity justifies such construction. Each plant shall be of the extended zeration type employing separate compartments
for aeration chlorination, sludge helding, and clarification. The ADDIGEST Treatment System shall be capable of
treating an average total flow of 100,000 gallons per day with a total organic loading of 123.1 pounds of 5-day BOD per

Each ADDIGEST shall form a complete wastewater treatment plant shippable in two major sections. All steel plate
forming the bottom, side walls, end plates, trough, partitions and other shell tankage shall be minimum 1/4" thick
structural grade steel reinforced as required to withstand all hydrostatic pressures. All major treatment and holding zones

All welded stesl structural members shall be joined by electric arc welding with fillets of adequate section for the joint
involved. Where required for additional strength or watertight integrity, such welds shall be continuous inside and out.

The total aeration volume for each ADDIGEST shall be 34,750 cubic feet. Dimensions shall be as shown on the
drawings. Each air supply header shall be provided with air connection couplings, drop pipes and diffusers as shown. A 1"
air hose shall be provided between the aeration tank and the clarifier for air supply to the airlift pump. Each two inch
galvanized pipe diffuser shall extend from the air supply header through a 2" ball valve. The ball valves shall provids for

A rectangular steel sludge return trough shall extend the full length of each aeration tank. A sludge gate and air relief
vent shall be provided as shown. A 4" diameter sludge refurn pipe shall be installed between the asration tank and

The clarifier shall be a welded steel structure, rectangular in plan section and shall have one or more sludge hoppers. The
walls shall be structural grade steel plate not less than 1/4" thick. All structural shapes used for reinforcing and bracing
shall have 1/4" minimum thickness in the thinnest section. All welded steel structural members shall be joined by electric
arc welding with fillets of adequate section for the joint involved. Where required for additional streagth or watertight
integrity, such welds shall be continucus inside and out. Coating shall be as specified herein. Inlet and outlet connections

The clarified liquid shall pass over the edges of the effluent weir, into the effluent trough, which shall be connected to the
clarifier outlet pipe. The adjustable weir plate shall be 1/8" aluminum plate and shall have 1" desp 90° V-notches spaced
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Specification

Smith & 14040 W. Santa Fe Trail Dr. March, 1898
Laveless, Inc.® Lenexa, Kansas 65215-1284 Page 2

ENGINEERING DATA ===

SLUDGE HOLDING TANK

The sludge holding tank of each ADDIGEST shall have a capacity of 6,000 gallons. Air shall be distributed to the sludge
holding tank through S&L MULTIFUSER® diffusers, and all necessary air control valves shall be provided. Dimensions
shall be as shown on the drawings.

CHLORINE CONTACT TANK

The chlorine contact tank shall have a capacity of 1800 gallons with underflow inlet baffle and provisions for mounting
chlorination equipment. Dimensions shall be as shown on the drawings.

BLOWERS AND MOTORS

Two blowers shall be furnished by the Manufacturer of the treatment plant, each to deliver 311 CFM of free air measured
at the blower inlet. Blowers shall be rotary positive displacement type with guarded V-belt connection to the motors.
Blowers shall be equipped with filter silencers with weather-hood and specially built check valve,

Each blower shall be driven by a 15 HP, 1750 RPM, 3 volt, 60 phase, 460 Hertz, horizontal open drip-proof, ball bearing
electric motor.

Motors shall be mounted on a steel base plate with slots provided for adjustment. The motors shall have a 15% service
factor but shall not be overloaded beyond the nameplate rating at the design conditions specified above.

Blower/motor units shall be off-plant mounted in close proximity to the plant. They are to be installed by the purchasing
contractor.

ELECTRICAL CONTROLS

The electrical components shall be furnished in a NEMA 3R rain-tight cabinet with stand. The cabinet and stand shall be
mounted by the purchasing contractor on the concrete blower pad. A separate thermal magnetic circuit breaker and
magnetic contactor shall be furnished for each blower motor, Blower starters shall be controlled by a selector 'switch.
Starters for 3-phase circuits shall have overload and under voltage release protection on each conductor.

A separate 115-valt, single-phase supply circuit breaker shall be provided for control circuits and auxiliary equipment. A
manual starter with thermal overload protection shall be provided for all auxiliary motor-driven devices furnished with the
ADDIGEST Treatment Plant.

Wiring in the control cabinet shall be color-coded and shall be in accordance with the National Electrical Code.
All conduit and wiring between the electrical control panmel enclosure and the various motors furnished with the

ADDIGEST Treatment Plant and between the panel and the power utility pole shall be furnished and installed by the
purchasing contractor.

WELDING

All steel structural members shall be joined by electric arc welding with fillets of adequate section for the Jjoint involved.
Where required for additional sectional strength, such welds shall be continuous inside and out.

© Smith & Loveless, 1998
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SMITH LOVELESS File: 52289 —~ Marana AZ Addigest Cals.xls
MODEL R Paga: 1

Project: Marana, AZ --1Q 52289 =
Project Manager: Andy McCullough
Date: 14-Jan-00
FACTORY- BUILT ADDIGEST Deglay ©B0,000 &aLans

Averags Maximum
INPUT DATA:
FLOW (MGD) 0.03 0.03
BOD (mg/L) 63 150
BOD LOAD (LbMD) 28.36 62.55
TKN (mz/L) 43 a3
TKN LOAD (Lb/D) 20.02 20.02
H.S, (mz/L) | 0.00 0.00
H.S LOAD, (L&/D) 0.00 0.00
02 DEMAND(Lb O2/Lb BOD) 15 1.3 “
BOD 02 (Lb/D) 42.53 93.33
TEN 02 (Lb/D) . 92.07 92.07
H.§ 02, (LbD) 0.00 0.00
WASTE O2 (Lb/D) or AOR 134.81 . 183.90
ALPHA 0.8 0.8
BETA : Q.9 0.9
ELEVATION (&) 2000 2000
ELEVATION CORR 0.94 0.94
TEMPERATURE (C) 23 25
CS @ TEMP (mg/L) 8.263 8.263
MIN. 02 AERATION 2 2
TEMP CORR 1.126 1.126
PEAKING FACTOR 1 1
STR (Lb 02/D) 271.98 373.61
STR (Lb O2/Hr) 11.33 15.63
DIFFUSER DESIGN
DIFFUSER SUBMERGENCE 93 9.3
02 TRANS EFF 0.07 0.07
SCFM 153 212
AERATN VOL (GAL) ) 34,782 34,732
AERATN VOL (FT3) 4,650 4,630
AERATN INTENSITY, (scfm/kef) 33 &4
Minimum Mixing Aeration, sefm 93 93
Blowsr Required for Aerzal., scim 153 212




! SMITH LOVELESS

Filz: 52289 — Marana AZ Addigest Cals.xls

MODEL R Paga: 2
SWO, it $10.4 —_
Plant Flow, gpd 50,000
. Plant BOD, mall 63
Clzrifier Calculations:
! li Hopper Typs, 1 or Circular, 2 1
Clarifier Diameter or width for hopper type, it 12.0
Hooopsr Type Length, 12
. Clarifiar Arag, sf 142
Clarifizr Overilow Rate, gpd/sf 352
'. S&L Clarifier Madel No. HC-144
’ Equalization Tank Calculations:
. Hydrzulic Retention Time, Nrs 0

j Volume, cf 0]

Zquzlization Mixing Rate, scim/1,00Q cu { 20
Azrztion Requiraments for Equalization, scim 0 .

- Aeration Tank Calculations:

Aazration Tank #1 Volume, cf 4,650

i Asrstion Tank #2 Valume, cu 0

] Total Asration Tank Valume, cf 4,850

Azratin Tank Volumetric Loading, Ib/d BOD/1000 cf 8

Asrztion Tank Steady State Air Requiraments, scim 153

h Azrztion Tank Peak Air Requirements, scim 212
Pzrcant Air to Azration Tank #1 1.00

= Percent Air to Asration Tank #2 0.00

. fALSS, mall 3,500
) Anoxic 1 Calculations:

! Anaxic HRT, hirs 4
= Anoxic Tank volume, cf 1,114
= Typs Mixing Used Mech Mixer

. MLSS Recycle Ratio g.1
; MLSS Rscycie (direct racycla), gam 317

. Anoxic 2 Calculations:

Anoxic HRT, hrs

Anoxic Tank volume, cf 0
] Typas Mixing Used Mechanical

Post Aeration Calculations

Rstzntion Time, HRT, hrs

Tank velume, cf o]

Air R=quired, scfm/kef 30

Total Alr Required, scim 4]
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Chlorination Calculations: -
HRT, hrs 1.38
Volume, cf a7g
Type Mixing Uszd Air
Mixing Ratz, scfm/1000Q cf 29
Air Nezzd for Mixing 8
De-Chlarination Calculations:
Post Asration HRT, hrs
Aeration Tank volume, cf 0
Mixing Usad, scim/kci 20
Air Neadad for Mixing, scim 0
Digester Calculations:
Sludge Produced ar WAS, Ib/d 50
Sludge Concentration in Digssisr, % 1.0
Digester HRT, days 10
Digester Volume, cf 801
Digaster Mixing Rate, scim/1000 ¢f 30
Digestar Air Reguiraments for Mixing, s&im 16
WAS/RAS Air Lift Pump Calculations: T
Maximum Desired Recycis Flow, gom (150 % Des Flo 52
Minimum Desirad Recycle Flow, gpm (30% Des Flow) 10
Air Litt Pump Air Requirsments, scim 10
Air Lift Pump Dizmster, inches 4
Dirsct Recycle Airlift, inchas 8
Dirsct Racycla Airlift, scfm 65
Blower Capacity Needed for EQ, scfm 0
Blower Capacity Needed for SS, scim 252
Max Blower Capacity w/o Denti, scfm 310




l BLOWER CALCULATIONS

Maurana, AZ -- 52288
Andy McCuilough
1/10/2CC0

1. HOASEPOWER CALCULATED 3ASZD OM AlR REQUIASMENTS OF 8LOWSER

IDENTIFICATION SCFM T 1460 ~T)/523 ELEVATION P, [14.71/P, CAm
: DEG F FT SITS PRES
|SAL Plant Desicn | 305 119 1.08 2000 . 13.9 1.08 354

= Site air temperature

P, DIFFUSER X TOTAL
MOTOA Ta sITE WATER LOWER {R"0.23311 BLOWER
IDENTIFICATICN F . BLOWER SITE TEMP 280 - Ta PRES DESTH OIS PRES | [R={F1+P2IP1] bHP
% SCFM DEGF Psi FT PSI

Sa4L Plant Dasign [=]s] 305 110 579 13.7 3.5 5.61 0.1022 12

1 = ENTZR VALUES IN SHADED ARSA TO CALCULATE HORSEPOWSER

i =5 ] i A 55
3

Slgwer Ourlat Temoeratre
2

il 0.07102 Trans &1 | Blawar Nesdad 15 nHP Intec P 13.7 psi
. Slawer Qutlat Temo 158 Dea F Qutlet P S.581 psig
L 1.8 th Q2/bnp-nr | Site Temp 110 Deg 7
r= 1.410539234
X = 0.1022339583
F2 = 163 Deg F
rat- _dischargs oressurs above amb orassure
uations for Blawer Horsepower (Comprezzed Air Data, Ingersci Rand, Sth €4, NY p23) harametric pressure at slevation

X = ¢80 )
F2 = [1=X]"{260+F1} - 430
K2 (actual consumed) = [1.522°2,"CEM (R . 1.0Q11/(100*8) Centrifugal Compressor Snginesring By Hoffman Air &

P, = Site barome’ric aressure, psi Filtration Systems

cim = air rate into blower at P, and site air tamperagurs.

E = Elawer elficiencey, assumed to be 60%, including volumétric, machanical and etectrical efficizney [actual range caiculated at 52 ta 72%).
R = (P, + P;l/P,

P; = Slawer discharge prassure, psig

Ta = site ai¢ temperature, deg £

CFAM = scfm=[{480 +T)/528[*(14.7/P|]

HP = (0,0428.5) "SCFM "(450 =Tal "[R*** . 1.00}

Blawer Pressurs = water depth = 0.433 psi/ft + 0.5 psiinlet + 0.5 psi oriface lass + Q.5 psi piping less
A volume = s:d Q2 Ib/br * Be/80 min * cu 10,0073 ® 1/(Trans elficiency)

bis Qo Mo e | meser s 12102000
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SANMPLE ONLY — (Final copy to be submitted and approved by Desien Encineer)

DESIGN SUMMARY
SMITH & LOVELESS MODULAR FAST®
12AD50-HC142 SEWAGE TREATMENT UNIT FOR
MARANA, AZ
JANUARY 18, 2000

The proposed equipment was sized to provide the effluent quelity as given in Table 1,
based on the influent characteristics as given in Table II, and proper operating conditions
as stated in Table IIL. This sizing is only applicable if the system is constructed
according to Smith & Loveless’ recommendations and operated properly from a
mechanical and process standpoint, as defined in the operation and maintenance manual
for this equipment including the items listed in paragraph two herein. This excludes a
period of two months from the initial start-up to provide for the required bacterial

acclimation.

In addition to the requirements given in the operation and maintenance manual, proper '
operation and maintenance of the system includes influent and effluent monitoring of the
BOD, TSS, and TKN, temperature, dissolved oxygen, sludge wasting, and pH control of
the treatment system. .

The Smith & Loveless treatment plant will be sized for an average monthly effluent
quality as noted in Table 1 and based on the influent characteristics as set out in Table IL.

TABLE I - 30 Day Average Effluent Characteristics

BOD;s: 20 mg/!
TSS: 20 mg/l
gl <10 mg/l

Total nitrogen limits are based on 2 minimum of 1 mg/l organic nitrogen and 1 mg/l of
ammonia nitrogen. ‘ - '

The effluent limits in Table 1 are based on an influent to the treatment system having the
characteristics given in Table IL



- Em o AN R L P e

System

TABLE II - 24 Hour Composite Influent Characteristics to the FAST® Treatment

Total Flow: 50,000 GPD Average Daily Flow

BOD:s: 150 mg/l maximum

LaS: 200 mg/l maximum

TN: 43 mg/l maximum
NH;-N: 38 mg/l maximum
pH: 6.5 to 9 mg/l maximum

The effluent limits in Table 1 will be achieved only if the operation of the treatment
system is as stated in Table IIL

TABLE IIT - Operational Parameters

Units:
Total Flow:

Denitrification:

Dissolved Oxygen:
Nutrient Requirement:

pH:

Wastewater Temperature:

Toxins:

One ~ 12AD50-HC142 Sewage Treatment Unit

50,000 GPD Average Daily Flow

I
Recycle to the anoxic zone required at rates as given in the
operation and maintenance manual.

2.0 mg/l minimum in the aeration basin.
BOD:N:P; 100:5:1 minimum
6.5 t0 9.0 mg/]

159 - 25°C, Occasional lows of 10°C for 2 maximum
duration of two weeks are acceptable once a nitrifying
population is established. If the water temperature is
expected to remain below 15°C for extended periods,
insulation of the tanks and piping should be considered to
maintain nitrification during winter months.

Heavy metals, such as Cd, Cu, Ni, Pb and Zn, phenolic
compounds, cyanide, znd halogenated compounds can
inhibit nitrification reactions. Any inhibitor elements or
compounds must not be present for this process to operate
as designed.
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Smith & Loveless. Inc. Fax Transmitial

s4u Santa Fe Trail Drive Phons:  (913) 888-5201

nexa, Kansas 662135-1284, USA | Fax: (913) 888-6503
ate: October 24, 2000 Fax: (520) 740-0135

a: Frank Luis From: Chris Berger

ompany: Pima Co.

ccation: ‘Total Pages Including This Page: |

bject: Marana, AZ

S&L S/N 37-00188-P, 37-00187-F

e above-referenced plants are designed to handle 150 mg/l of BODs at 50,000 GPD, per plant. The limiting
stor in treating the BOD is the size of the blowers. The organic loading concentration can be higher, as long as
3 total organic loading does not exceed 62 Ibs./day of BODs. If the loading exceeds this amount, then the plant

I not treat the waste as thoroughly.

ie hydraulic limiting factor is the clarifier. At higher flows, the retention time would decrease allowihg the
ssibility of some solids exiting the system. :

‘his is unclear, or additional information is needed, feel free to contact me at ext. 499.

- .=gards,

ris Berger
‘oject Engineer Treatment Systems

s
: William J, Grant/Manager, AE Treatment Systems

Chris Simko/Stantec — FAX (602) 431-9562
Dennis Gamache/WEECO — FAX (480) 759-1548

Solutions for a World of Watsr Problams
£is\1G 24 girna 1 deg Paga 1 Of 1

Printed on: 24-Oct-00
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MEMBRANE BIOREADTOR FOR WASTEWATER TREATMENT

BACKED BY DECADES OF PROCESS DESIGN EXPERIENCE

SUPERIOR MEMBRANE DLEANING AND DURABILITY

EXTREMELY HIGH EFFLIIENT RILIALITY

BY EmMITH & LOVELESS INDC.
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Smith & Loveless Inc. proudly introduces TITAN MBR™,
our latest pre-engineered wastewater treatment
system for municipal and industrial applications. The
innovative TITAN MBR'™ marries the wastewater treatment
engineering expertise af S&L with exciting submerged
membrane technology. The combination vields a dynarmic
mernbrane biclogical reactor [MBR], & system that provides
end-users with high-quality treatment performance, minimal
operational requirements, and a robust design that wil
stand the test of time. TITAN MBR™ delivers results with
value-added engineering experience available only from S&L.

TITAN MBR™ is the complete MBR package — developed by
Smith & Loveless Inc., the company with 60 years of
wastowater enginganng and manufackirmg expenence.

TITAW," System Overview & Diagram

RN

Plants come in standard and custom designs, and result in
smaller foptprints than conventional systems. The
submerged membrane eliminates clarifiers and sand filters
while still producing significantly bettereffiuent quality. Integral
zanes can be added to meet particular effluent goals,
including nutrient removal, disinfection and post-aeration.

i b e

%
Mixer :‘

Dual Anosic Zones
[Denitrification]

Flows
Egualization

&® Design Benefits

B0 years of 381 engineering & manufacturing expertise
Easy-clean Flat-Plate membrane design
S&L-exclusive epoxy-coated, V-Crimped tank walls
Praoven factory-built designs and qualit-cantrol
Flexible process options with minimal operation required
Process guarantees and full customer support

SMITH & LOVELESS TREATMENT ... THE

TITAN MBR™ Design & Technical Data
5,000 GPD and larger
=3 mg/l BO0D &< 1 mg/lTES

Flow Capacities:
Effluent Guality:

Turbidity: < 0.2 NTU
TN <& mg/l
NH:I <1 mg/l

Clearwell &
Chlorination

Aprotion Zone with Submerged,
Flat Plate Membrane Modules

Tap View |

TITAN MBR™ provides the benefits
of long-term system durahifity with
exclusive SEL V-Crimp wall design.

Lo A

EXPERIENCE OF SYSTEM INNOVATION



'gil'!'_é__jw Flat-Plate Membrane Design Efficiently Delivers Results

=

TITAN MBR™ FlatPlate Membranas—rated at the
micrafiltration leval—mamtain high permesbility and flux
rates even at peak-day rates. They stack within a fully
submerged modula inside the aeration zone. Sutficient
transmembrane pressure created by gravity drives the
flowe through the membranes, Clean water discharges
into a clearwell while blocked solids remain suspendad
in the aeration zone. Diffusers beneath the module
soour the membranes wiife alse providing air supply
to the bacteria, Chemical cleaning occurs efficiently in-
place—typically on a semi-annual basis* —with simple
cherical injection.

MER

%‘"‘Membrane Advaniages

Provides Long-Term Durabilicy

Composed of PYDF [polwinylidene fluoride] and a non-
woven palyester fabric, the vertical membrane surfaces
do not touch each other during operation. A robust
design prevents breakage experienced in other designs
and produces higher flux rates aver tima.

Effectively Combats Problemn Constituents

TITAN MBR™ membranes elminate clogging problems
experienced in hollovs fiber designs. The Flai-Flate design
with its smoath, continuous surface prevents the build-
up of solids that result from hollow fibers being bundlec
by stringy solids——like hair,

Offers More Economical Cleaning Methads

TITAN MBR™ membranes utilize |less chemicals and
equipment Lhan other designs. Nao backpulsing is
required, which eliminatas assaciated pumping
equipment. TITAN MBR™ membranes facilitate air
scouring in the aeration zone much more effectively than
hollow fiber designs by the simple fact of their flat surfaces.

TITAN MBR™ Membrane Data [Typical]
Type: Submerged, PYOF+FET Flat-Plats
Design Flux: 15 gpd /st

Pora Sizing: .08 micrans [MF]

THMP Range: [Trans Miemirans Pressure] .03 - 2.90 psi
Cleaningy InPlace; Serm-annusl oyela™) 4 hre.

* Dlanevioing uoo me appleaton

EMITHANDLOVELESS.COM

MLES &

* * Effluent

_ 5
TITAW Test
S&EL RED pperates two fullkscals
TITAN MBR™ demonstration
aystems, ncluding & 70,000
GPD unit at Uis Kansas WWWTE
Sec samplhng results below.

D

Dat

Actual Plant Data  Influent  Efffuent

Weekly
Sample
Sam. 1
Sam. 2
Sam.3
Sam. 4
Sam. 5
Sam. &
Sam.7
Sam. 8
Sam. g
Sam, 10
Sam. 11
Sam. 12
Sam. 13
Sam. 14
Sam. 15
AVG.

EOD
mgl
276
270
259
228
275
246
126
185
330
70
204
35
336
360
265
243

TSS
mall
148
224
178
204
147
157
244
244
139
202
230
198
127
210
174
189

NA = Resuls Net dvnilshie
SOL = SHpiow Oemeiatile Lenas

TKHN
mg
36
36
53
28
43
37
Z1
a7
58
20
34
a7
47
34
3
38

BOD
mg
NA,
MA
1.2
1.7
0.8
0.0
1.0
4.0
2.0
0.9
0.0
0.0
0.9
0.0
1.5

12

TSS
magfl
BOL
BOL
BDOL
BOL
EOL
BOL
BDL
BOL
BOL
BOL
BOL
BOL
BOL
BDL
BDL
BDL

TKN
mg/i
NA

0,80
.60
a7
0.38
.53
.15
0.64
.69
0.8
.62
0.8
0.34
(.19
0.00

NH,
mafl
0.30
0.40
130
0.03
0.05
0.03
0.5
0.10
0.47
002
0.02
0.12
0.07
0.02
.22
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Membrane bioreactors are an advanced
wastewater treatment process that
combines an activated sludge biological
process with membrane filtration. The
process produces an extremely high quality
effluent suitable for reuse or discharge.

Dynalifi MBR Highlights

The innovative DynaLift MBR design uses
energy efficient, airlift-assisted tubular
membranes. The membrane system is
located outside the biological reactor and
can be installed at the most convenient and
accessible location at a plant site. No
membrane system components are
submerged in the biological mixed liquor.
This permits independent operation and
optimization of the biological and
membrane systems.

The biological treatment process can be
designed for a wide variety of applications
such as nutrient removal including
chernical precipitation of phosphorus. This
flexibility ensures the most efficient
treatment of the waste stream. The
metmbrane system is independently
optimized to provide the best performance
for the specific application. The Dynalift
MBR system is provided and guaranteed by

Dynalift MBR System Advantages Feison

FEATURES

External membrane system
Rugged tubular membranes
Ultrafiliration membranes

Easy access

Airlift assisted cross-flow pumping

Low membrane TMP
Long sludge age process

MLSS up to 15,000 mg/L
Guaranteed effluent quality
Complete system supply

BENEFITS

Easy to design, build, retrofit, operate and maintain
Long membrane life; excellent membrane integrity
Excellent pathogen removal

Safe, easy and economical cleaning

Excellent membrane scouring and turbulence with significantly
reduced pumping head and HP - lower HP than immersed systems

Long membrane life; reduced cleaning requirements

High quality effluent; excellent process stability; low membrane
fouling; less waste sludge production

Smaller aeration tanks; smaller footprint plant
Meet strict discharge standards and water reuse requirements
Single source accountability to owner



Dynalitt MBR System

Return mixed liquor

The biological process is a long sludge age design
that provides excellent BOD removal and
nitrification. Anoxic and anaerobic zones are
added as needed for nutrient removal. Increased
mixed liquor concentrations mean more
biological treatment capacity within the same

footprint. Long sludge age treatment results in
less waste sludge production, excellent process
stability, low membrane fouling and lower
overall operating costs.

Proven Tubular Membranes

The DynalLift MBR system uses X-Flow® tubular
membranes. X-Flow tubular membranes have
been used for over 30 years in very demanding
industrial high-solids applications. Some
applications involve solids concentrations
exceeding 40,000 mg/L. Tubular membranes
provide a wide-channel, non-clogging design that
is rigidly supported for ruggedness and long life.

X-Flow tubular membranes were originally
developed in the early 1970s for industrial
separation applications. Since the first
installations, these membranes have been used
in thousands of food processing, purification,
concentration, waste separation and wastewater
treatment applications. Tubular membranes have
been used in these difficult applications for over
30 years and have a proven track record of long
life and low maintenance.

Dynalitt Membrane Systfem Advantages

Achieves and maintains
high membrane flux

Distributes MLSS evenly
across membrane
surface

Operates on low head
Safe, efficient cleaning

Reduced chemical
consumptfion

Long membrane life

Low Operating TMP

Dynalift systems typically operate at a trans-
membrane pressure (TMP) of only a few psi. A
low pressure circulation pump is provided to
move MLSS from the bioreactor through the
membranes. Low TMP reduces membrane

fouling.

Low Cross-flow Energy

To eliminate high pumping energies, the
Dynalift system positions the membranes in a
vertical orientation. This simple change allows
turbulent cross-flow to be maintained using air

injection at the bottom of the membrane
module. In this way, MLSS is transported by an
“airlift” pump through the system. This
innovative design approach eliminates much of
the energy needed in conventional cross-flow
designs.




High Turbulence

The key to maintaining operation of any
cross-flow design is providing high
turbulence at the membrane sutface. Air
injected at the bottom of the Dynalift™
membrane modules creates extreme
turbulence inside each membrane tube.
This reduces fouling, improves performance
and decreases cleaning cycles.

Safe, Easy and Economical
Cleaning

DynalLift MBR system cleaning is safe, dry
and fully automated. Cleaning solution is
pumped directly to the out-of-basin
membrane skids. This eliminates the need

Dynalift Membrane Airlift Feature

Air release

to remove membranes from a basin or
handle the membrane modules. Workers are
never exposed to tanks of cleaning solution
or wastewater sludge. No cranes are

required.

Retrofit capabilities

Dynalift membrane systems can be
retrofitted into nearly any existing biological
treatment process. Since the membranes are
located outside the reactor basin, the
biological process can be optimized
independently of the membrane system — a
key advantage. A simple concrete slab to
support the membrane skid can be
constructed at the most convenient
location. The Parkson
Dynalift systemn can be
designed to accommodate
current as well as future

Dynalift MBR Primary

| System Components

Fine screen

Biological freatment process
Low-head MLSS feed pump
Low-pressure blower

Tubular vlirafiliration membranes
Filtrate flow control and storage
Backwash pumping system
Chemical cleaning system
Integrated controls system

treatment requirements.
Expandability is as simple
as adding an additional
Return fo : ]
bio-reactor Filirate membrane skid.
Backflush
v Parkson Florida Parkson Illinois Parkson Michigan Parkson Canada Parkson do Brasil Ltda,
A Corporate 562 Bunker Court 2001 Waldorf St NW 205-1000 StJean Calgada dos Mirtilos 15
PARKSON CORPORATION 2727 NW 62nd Street Vernon Hills IL Suite 300 Pointe-Claire QC Barueri Sao Paulo
Fort Lauderdale FL 60061-1831 Grand Rapids MI HIR 5P1 CEP 06453-000
150 0001:2000 Certified 33309-1721 P 847.816.3700 49544-1437 Canada Brazil
Quality M ment System P.O. Box 408399 F 847.816.3707 P 616.791.9100 P 514.636.4618 P/F 55.11.4195,5084
Fort Lauderdale FL F616.453.1832 F514.636.9718 P/F 55.11.4688.0336
33340-8399
www.parkson.com DL100906
P 954.974.6610 ©2006, 2005, Parksen Corporation @
F 954.974.6182 Printed in the U.S.A. on Recycled Paper 10/06
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Preface

This report is part of a series of publications issued by the University of Arizona,
Department of Hydrology and Water Resources; The purpose of this series is to disseminate
research findings related to natural resource systems to a broad audience of persons conducting
research in natural resources. This particular report is based on the M.S. Thesis of the first
author. Contact the author or the Department of Hydrology and Water Resources for further

information.

Any opinions, findings, and conclusions or recommendations expressed in this report are
those of the authors and do not necessarily reflect the views of the agencies and individuals

whose support we acknowledge.
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ABSTRACT

A hydrologic resource assessment was performed for upper Sabino Creek basin,
using data from a variety of local, state, and Federal agencies and organizations.
Hydrologic fluxes were identified and quantified in order to create a monthly water
budget. Snowmelt and rainfall are the major inputs to the watershed. Evapotranspiration
accounts for the greatest loss of water. Human consumption and streamflow, while
important for regulatory and aesthetic reasons, are relatively minor components of the
water budget.

Evapotranspiration, precipitation, and groundwater recharge / soil moisture
account for the greatest fluxes of water in the basin. Precipitation is the most variable
hydrologic process in the study area. Over a 47-year period, the greatest amount of water
moving through the system in any one month was 6,300 acre-feet in October of 1983,
The month with the lowest movement of water was December 1996, with 400 acre-feet.
A comparison of Sabino Creek data with the El Nifio Southern Oscillation phenomenon
shows a strong gorrelation with precipitation and streamflow in upper Sabino Creek

basin.
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. CHAPTER1

" INTRODUCTION

Problem Statement

Sabino Creek is one of the few remaining perennial streams in Southern Arizona,
and the closest to the growing metropolis of Tucson. The creek is an integral part of the
recreational experience for over three million people who visit the Coronado National
Forest each year. Sabino Creek supports a rich riparian habitat, forming a true desert

oasis for plants and wildlife. Springs that feed Sabino Creek also serve as the primary

SOurce of drinking water for the community of Sunmmernaven and the racilities of the
Santa Catalina Ranger District of the Coronado National Forest. The Sierra Club and the
U.S. Forest Service (U.S.F.S.) have filed in-stream flow applications on Sabino Creek.
The Coronado National Forest and the Mount Lemmon Water Cooperative (M.L.W.C.)
are continuing to resolve water rights issues within the Upper Sabino Creek watershed.
There are concerns that domestic consumption during the summer months could
negatively impact the streamflow. Currently there is insufficient storage capacity on Mt.
Lemmon to offset higher summer municipal demands. Despite the importance of this
stream to many users; to date, no comprehensive hydrologic resource assessment of the
watershed has been conducted. The goals of this study are to quantify the monthly water
budget and examine the variability of the hydrologic processes so that various

stakeholders will have a basis on which to make sound policy decisions.
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Previous Work

Shreve (1915) was among the first to study the Santa Catalina Mountains. While
his report concentrated on vegetation; his work on precipitation, evaporation, and other
c]imatoiogicél parameters is quite complete. More recent studies of Sabino Creek have
focused primarily on water-quality issues.

Motschall (1976) was the first to study water quality in lower Sabino and Bear
Creeks. He showed the extent of sewage contamination in Sabino Creek and gathered
baseline water quality data. Brickler et. al. (1977) produced a report on water quality in
Summerhaven and Marshall Gulch for the U. S. Forest Service. Patterson (1977) studied
ten water quality parameters and found regular violations of standards for drinking water
and partial body contact. These reports delineated the extent of sewage pollution and
made specific recommendations to help reduce problems. Proposed solutions included
upgrading sewage facilities, chlorination of drinking water, and steps to reduce erosion
and suspended sediment in Sabino Creek. These efforts have been very successful:
Patterson (1977) found Escherichia coliform and fecal streptococcus at concentrations
exceeding 100,000 colonies per 100 ml; Arizona Department of Environmental Quality
sampling between 1991 and 1993 yielded mean concentrations of 51 and 30 colonies per
100 ml for E. coli. and strep., respectively (AZ Dept. Health Services, 1991-1993).

Several water supply and engineering studies have been conducted. Kurupakorn

(1973) evaluated the feasibility of constructing a reservoir on lower Sabino Creek. He
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(1974) made a preliminary assessment of the water supply for the M.L.W.C. They

recommended water demand reduction efforts, an increase in storage facilities, the

~installation of horizontal wells, and the construction of small dams or reservoirs to
capture surface flow. Scheud;ar and Laine (1974) examined groundwater as a potential
water supply source for the M.L.W.C.. Their report advocated the current program of
horizontal well drilling be halted and alluvial fill along streambeds be exploited as a
source of water. The Pima County Flood Control District (1980) investigated the
hydrology of the study area in conjunction with several road repair projects. The
Environmental Impact Statement for the expansion of Mt. Lemmon Ski Valley (U.S.EF.S.,
1992) examined vegetation, recreation, climate, and wildlife. Collins and Pifia
Consulting Engineers (1997) summarized water rights and municipal usage in a
preliminary report on upgrades to the M.L.W.C. system.

Description of Study Area

Regional Setting Sabino Creek is a perennial stream located in the Santa Catalina

mountain range immediately north of Tucson, Arizoné (Figure 1.1). The creek begins as
a series of springs near the summit of Mt. Lemmon. It winds its way through the
community of Summerhaven before descending to the desert floor through Sabino
Canyon. This study will focus on the watershed consisting of the upper three miles of

Sabino Creek and is tributaries (Figure 1.2); between its source and a gaging station
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located approximately two thirds of a mile downstream from fh@-MﬂshéH-@uleh-p%eni&*_

area.

ARIZONA
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N?{%)SEE#TIONAL

Figure 1.1, Regional location of study area (from Patterson, 1977)
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Figure 1.2, Study Area
It is the most developed area along the creek, and is immediately downstream from the
source of several water supply systems. The study site is located in the following land
survey sections of Pima County, Arizona:
e Sections 25, 26, 35 and 36 of Township 11 South, Range 15 East
o Sections 30 and 31 of Township 11 South, Range 16 East

s Sections 4, 5, énd 6 of Township 12 South, Range 16 East
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Santa Catalina Ranger District of the Coronado National Forest administers the
surrounding area. The basin encompasses approximately 3.1 square miles (8.1 km?).

Elevation, m

2134 2286 2438 2591 2743 2896
100 - ' : : : : . : .

Cumulative precent of study area

0 AT i : i ; . i ‘
7000 7500 8000 . 8500 9000 9500
Elevation, ft

Figure 1.3, Cumulative frequency distribution of elevation
Topography The highest point in the study area-is the summit of Mt. Lemmon at
9,157 ft. above sea level (2,791 m). The lowest is the Marshall Gulch stream gage, at an
elevation of 7,120 ft. (2,170 m). The terrain primarily consists of steep slopes, with some

flat land occurring in the central portion of the basin where Summerhaven is located.
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is partially channeled through the town of Summerhaven. The cumulative frequency
distribution of elevation (derived from U.S.G.S. digital elevation models - see Chapter 3)
is shown in Figure 1.3. Slopes range from horizontal to greater than 50 degrees.

Geology The Santa Catalina mountains are part of the Rincon-Catalina
metamorphic core complex of the Basin and Range Province (Chronic, 1983). The
intense metamorphism makes accurate age and structural determinations difficult at best.
The most recent explanation by Force (1997) is briefly summarized below.

The Pinal Schist (pre-Cambrian) and Oracle Granite (emplaced 1,351 - 1,450
million years ago) was overlain by sedimentary units (Apache Group) and cut by diabase
dikes and sills approximately 1,040 to 1,150 million years ago (Ma) (Force, 1997). More
sedimentation took place throughout the Paleozoic era, producing the Bolsa Quartzite
(Cambrian), Abrigo Formation (Cambrian), Martin Formation (Devonian), Escabosa
Limestone (Mississippian), and the Naco Group (Pennsylvanian). Mesozoic
sedirﬁentation produced the Bisbee Group and American Flag Formation. The .
Leatherwood granite intruded during the Cretaceous, causing extensive deformation and
metamorphism. In the Cenozoic era the Wilderness Suite granites intruded during the
Eocene. The region was further metamorphosed during the Laramide Orogeny. Arching
and uplift began with the intrusion of the Catalina granite during the Galiuro Orogeny

(35-15 Ma) (Wilt, 1993). Basin and Range extension and detachment faulting continued




18

the deformation. Erosion and other Quaternary processes have prodnced the present-day.

topography.

| Exposed rock in the study area primarily consists of the Abrigo Formation (silty
dolomite and dolomitic sandstone) near the summit of Mt. Lemmon, the Leatherwood
granidiorite in the area of Summerhaven, and the Lemmon Rock pegmatite aplite of the
Wilderness Suite downstream towards Marshall Gulch (Force, 1997). Rocks near Bear
Wallow and Marshall Gulch consist of the Pre-Cambrian Apache Group: the Pioneer
Formation (argilite and siltstone to phyllite and schist) and the Dripping Springs Quartzite
(feldsparthic quartzite and shale and phyllite) (Force, 1997). There are smaller exposures
of sedimentary units such as the infonnal Mt. Lemmon Unit (Devonian) (Force, 1997),
the Bolsa Quartzite, and several diabase intrusions (Force, 1997).

The current path of Sabino Creek provides some indication of the faulting present
at the study site. From its source near the summit of Mt. Lemmon, Sabino Creek flows
eastward along an unnamed fault. It then turns to the south, flowing through
Summerhaven and fhen follows another fault past Marshall Gulch. Bear Wallow flows
west along a thrust fault until it intersects a splay of the fault running through Marshall
Gulch and joins Sabino Creek approximately one mile downstream from the town of
Summerhaven. Several miles below, Sabino Creek intersects the Romero Pass fault zone
and turns to the east before foliowing the Sabino Canyon fault through the Front Range

Anticline and continuing to the desert floor.
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Soils A soil survey was conducted in 1977 in r'nnjnnr‘_ﬁnn,w_ifh the construction

of a wastewater treatment facility. Soils in the study area consist of the Mirabel-Baldy-
Rock Outcrop Association (Finical & Dombowski, 1977a). The soils in this association
ére defined as “shallow to deep, gravelly and cobbly, moderately coarse textured, hilly to
very steep mountain soils and rock outcrop” (Finical & Dombowski, 1977a). Soil dcpths
range from 10 in (25.4 cm) to 40 in (1 m) (Finical & Dombowski, 1977b), with an
average depth of 25 inches (63.5 cm).

Water Resources There are no significant surface water bodies in the study area.

A small dam constructed in 1923 on Bear Wallow near the end of Soldier’s Camp Road
has formed a pond known as Soldier’s Lake (Bowden, 1994), approximately one third of
an acre (1,350 m?) in size. However,-this pond is almost completely silted up and not
considered to be a significant component of the basin hydrology.

Springs have historically been preferred to wells as a source of drinking water in
the study area. This may be due to several factors, including the availability and
accessibility of springs as opposed to the high cost of drilling wells. There are nine
registered wells in the study area (Arizona Dept. of Water Resources, 1994).

The majority of streamflow results from the discharge of several springs along the
course of Sabino Creek and its tributaries. Snowmelt and seasonal precipitation recharge
these springs, which may dry up during periods of little rain. Groundwater may be

present in the alluvium along the valley floors and in fractured bedrock underlying the
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surface water (springs) has limited interest in groundwater exploration.

Climate Unlike the surrounding Sonoran desert, mild summers and cold winters
characterize the climate of the study site. Summer high temperatures rarely exceed 90° F
(32° C), and winter low temperatures less than 30° F (-1° C) are common. Shreve
commented extensively on climate, examining the effect of elevation on vegetation. He
noted that:

The character of the temperature conditions, and their relation to altitude
and topography, in an isolated desert mountain is not without complexities....

The relative smallness of the entire mountain mass and its position in the midst of

arid plains make its temperature conditions very different from those of extensive

plateaus at the same elevation. The currents of warm air which ascend by day and
the streams of cold air which descend by ni ght serve to increase the diurnal
amplitude of temperatures in certain situations and to give striking differences

within very short distances (Shreve, 1915)

Figure 1.4 is a plot of mean monthly high and low temperatures recorded at several
locations in the study area. The period of record and other pertinent details about each
station may be found in Table 2.1.

Although Mt. Lemmon Ski Valley is situated at a higher elevation than the other
stations and on a north-facing slope, its minimum temperatures are still higher than those
measured at the other stations. Assuming the measurements were recorded correctly, the

lower minimum temperatures at lower elevations may be due to the cold-air drainage

noted by Shreve (1915).
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Figure 1.5, Mean monthly maximum and minimum temperatures
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Flora and Fauna_As a “sky-icland” the Santa CatalinaM

variety of plants and animals not normally found in southern Arizona. A sky-island is

defined as:

a type of continental or inland terrain made up of a sequence of valleys and
mountains. All sky islands have a stack of bjotic communities that allow vertical
(as well as aspect) migrations annually or during one of the planet’s long-term
climatic events.... By analogy with the saltwater seas between oceanic islands,
the higher elevation biotic communities of sky island mountains are isolated by

? [13

each valley’s “sea” of alien vegetation (Warshall, 1994).

The study area is located in the Apachian district of the Maderan biological province,

characterized by Warshall (1994) as follows:

It is an archipelago between the Sierra Madre and Rocky Mountains;
It contains an extraordinary number of sky islands;

Its sky islands have a mixed geological composition unrivaled in other areas of the

It straddles two-major floristic and two major faunal realms as well as the

convergence of three major climatic zones.

There are two distinct vegetation zones in the study site. Ponderosa pine (Pinus

ponderosa) and silverleaf oak (Quercus hypoleucoides) are prevalent in the lower zone

(7,000 to 8,000 ft. (2,130 to 2,440 m.)) (Niering and Lowe, 1984). The upper zone

(above 8,000 ft. (2,440 m.)) predominantly consists of Ponderosa pine on south-facing

slopes and Douglas fir (Pseudotsuga menziesii) and white fir (Abies concolor) on north-

facing slopes (Niering and Lowe, 1984).
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o Birds; squirrels, white-tailed deer, black bears, and the occasional mountain lion
inhabit the study area. Threatened, sensitive, or endangered species include the peregrine
falcon, northern Apache goshawk, Mexican spotted owl, red bat, Santa Catalina

Mountains gray squirrel, Santa Catalina Mountains wood rat, and the coatimundi (U.S.

. Forest Service, 1992).

Human developed land accounts for only a small fraction of the study area, and is
concentrated in the community of Summerhaven, the University of Arizona’s Steward

Observatory, and other radio communication facilities near the summit of Mt. Lemmon.

Fuman Habitation T1he first known inhabitants of the Catalinas were the
Hohokam, who lived throughout the lower elevations. Archeological surveys have found
no prehistoric sites above a.n elevation of 7,000 ft. (2,130 m.) (U.S.F.S., 1992). The
Hohokam disappeared around 1400 AD, leaving petroglyphs and grinding holes in the
rock along creek beds (Alexander, 1991). Shortly thereafter the Apaches occupied the
mountains until they were displaced by Anglo settlement in the late 19th century. Mt.
Lemmon, known as Babat Duag (Frog Mountain) to the Papago (Bowden, 1994) was
named in 1881 to honor Sarah Plummer Lemmon, a botanist from California. Permanent
settlement on Mt. Lemmon began in 1882 when Frank Webber filed a mining claim and
built a cabin near the junction of Sabino and Carter Canyons (Bowden, 1994). The last
Apaches reported in the area were seen in Lower Sabino Canyon in 1890 (Alexander,
1991). The present community of Summerhaven was established in 1917 when Webber’s

claim expired and new homes were built in the area. The first road to the high country
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track wound its way up the north side of the Catalinas, and provided the first access for
automobiles. A paved road was begun up the south face of the Catalinas in the 1940’s
and completed in 1950. The Catalina Highway was built partly with federal convict
labor, including conscientious objectors to the World War II draft (Erikson, 1998).
Summerhaven currently consists of nearly 500 structures, the majority of which are
vacation homes or rentals. Mt. Lemmon Ski Valley was constructed in 1952 and

expanded in 1982. It is the southernmost ski resort in the United States.
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HYDROLOGY
The hydrology of the study site is typical of a small sub-alpine basin in a semi-arid
region. Sporadic summer precipitation and spring snowmelts are the major inputs to the
watershed. Runoff and evapotranspiration are the major outputs. There is virtually no
surface storage, and evapotranspiration is limited by the amount of soil moisture
available. Groundwater exits the basin through the alluvium in the streambed of Sabino
Creek and as mountain-front recharge to the Tucson Basin.

Hvdrologic Boundaries

The study area is bounded topographically by ridgel_ines (Figure 2.1). Sabino
Creek drains to the south and east. Bear Wallow drains to the west and joins Sabino
Creek near Marshall Guich. The area of the basin is approximafely 3.1 square miles
(8.1x10° m%). Groundwater boundaries are unknown, but groundwater inflow is unlikely
since the study area occupies the highest elevations in the Santa Catalina Mountains.
Estimations of groundwater outflow are presented in Chapter 4.
| Preéipitatién |

The study area receives precipitation with mean annual totals ranging from 27
inches (69 cm) to 37 inches (94 cm) at various locations. Precipitation is highly variable
in spatial and temporal extent. There are eight rain gages located in or immediately
adjacent to the study area. Pertinent information about each gage is presented in Table

2.1, while the location of each gage is shown in Figure 2.2.
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Precipitatinnstation=information

Station Type of Location Elevation | Period of Record
Name Gage (Lat., Lon.) '
Mt. Lemmon | Volunteer, | N 32°27'? 7,780 ft.* | Jun. 1950 — Apr.1963
Inn gagetype | W 110°45'* (2,371 m.)

unknown
Palisades Unknown | N 32° 24’ 40”® 7,945 ft. Jan. 1965 — Sep. 1981
Ranger W 110° 42’ 50”2 (2,422 m.) )
Station
Mt. Lemmon | Volunteer, | N 32°27'2 7,690 ft.* | Oct. 1981 — Mar. 1986
School gage type W 110°45'? (2,344 m.) '

A unknown

Mt. Lemmon | Volunteer, | N 32°26'55" 8,120 ft. Aug. 1988 — Oct.1991
Ski Valley gage type W 110° 46' 49" (2,475 m.)

unknown
ALERT/ NovaLynx | N 32°26'26" 9,120 ft. Jan. 1986 — Dec. 1997
1090 Model W 110°47' 15" (2,438 m.)

5050P
ALERT/ NovaLynx | N 32°24'44" 8,000 ft. Jan. 1986 — Dec. 1997
2150 Model W 110° 44' 04" (2,780 m.)

5050P
ALERT/ Edwards N.329.25° 151°* 7,800 ft.* | Jan. 1990 — Dec. 1997
511 Tru-Check | W 110°45°30°® | (2,377 m.)
ALERT/ Edwards N 327 24> 25.2 7,720 ft.* | Jan. 1990 — Dec. 1997
512 Tri-Check | W 110°4515”* | (2,353 m.)

Note: a - estimated from topographic map

The mean monthly precipitation for each station is presented in Figure 2.3. All stations

receive the least amount of rain from April to June. The greatest amount of rain is

brought on by seasonal monsoon precipitation. For 31 years of record (1965 to 1996), the

mean beginning day of the monsoon season is July 5 and the mean ending day is

September 15 (National Weather Service, 1998). Figure 2.4 shows average monthly
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Figure 2.4, Monthly precipitation, period of record
precipitation for the period of record. The precipitation data may also include snow or

hail. Existing records do not always account for other forms of precipitation besides
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precipitation record.
Snow

Snowfall generally occurs in the study area from December to April. Figure 2.5 is
a plot of snow water equivalent (SWE) measured every two weeks between January and
April at the Bear Wallow Snow Course. The greatest SWE values were recorded in 1966
and 1968. The lowest SWE values were found in the intervening year: 1967. Mean
snowpack depths range from 7 in. (17.8 cm.) to 12 in. (30.5 cm.) over the course of a
typical snow season (Jones, 1981).

At 7,200 ft. (2,195 m.), the Bear Wallow snow course was considerably lower
than the majority of the basin. It was located on a former ski area, in a clearing in the
forest. The area is a shallow canyon, receiving little sunlight and protected from the
wind. Gottfried et. al. (1998) reported depths ranging from 8 in. (20 cm.) to 53 in. (135
cm.) and SWEs ranging from 4 in. (10 cm.) to 15 in. (38 cm.) on the northern side of Mt.

Lemmon in the winter of 1967 - 1968.
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Streamiflow

Sabino Creek begins as a series of springs on the northeast slope of Mt. Lemmon.
The creek bed consists of cobbles and boulders with a few quiet pools. The United States
Geological Survey (U.S.G.S.) established a stream gaging station (# 09483300) on Sabino
Creek approximately two thirds of a mile (1.1 km) downstream from the Marshall Gulch
picnic area (see Figure 1.2) in 1951. Stream stage was recorded from 1951 to 1959; the
station was then abandoned for over 20 years. The United States Forest Service re-
established the station in 1982, and continues to record stream stage. The gage is a
stilling well with a float recorder and revolving paper chart. Discharge is derived from
stream stage by formulae and rating tables developed by the U.S.G.S. Table 2.2 lists the
equations used to convert stage measurements into discharge rates. Discharge at Marshall
Gulch often ranges from zero to several hundred cubic feet per second (cfs) over a short
time period.

Table2.2 Rating formulae

Gage Height, ft. | Flow range, cfs | Equation

46-49 0.004 - 0.34 Discharge = exp(14.69286 * height (ft) —
73.0743) -

49-6.2 0.34-39.00 Discharge read from U.S.G.S. rating tables in
0.05 ft. increments

6.2-6.6 39.00 -61.00 Discharge = (55 * height (ft) ) — 302

6.6 and higher 61.00 — Discharge = 63.16246 * height (ft) — 356.962
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Figure 2.7 is a chart showing the mean monthly distribution of flow recorded at Marshall

Gulch for the period 1951-1959 and 1982-present.
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Figure 2.7, Mean monthly distribution of flow
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Over half of the annual flow occurs from J anuary to April. Although the greatest amount

of rain falls from July to September, these three months make up less than 25% of the

yearly streamflow. Low soil moisture and high evapotranspirative rates in the summer

may account for this discrepancy. The remainder of the flow from October to December
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occurs in response to winter rains. Figure 2.8 is a plot of mean monthly discharge and the

mean monthly precipitation of all the sites listed in Table 2.1.
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Figure 2.8, Mean monthly disch;':u'ge and rainfall
There is poor correlation between rainfall and stream discharge: months that receive more
rain do not necess'arily‘have a greater dischargé. The high discharges that occur in
February and March reflect the influence of snowmelt.
A flow exceedence chart was prepared using 6,276 mean daily discharge

measurements between 1951 and 1997 (Figure 2.9). For nearly 80% of the days
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measured, the mean discharge in Sabino Creek at Marshall Gulch was 1 ¢fs (2 0 ac-ft/day.

0.03 m*/sec) or less.
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The data show that streamflows above 1 cfs are the exception, rather than the rule.

Indeed, for nearly one third of the dates on record, the streamflow is 0.1 cfs (0.2 ac-ft/day,

0.003 mslsec) or less.




38

o
2 VAT AT ATTSTIT AU

Evapotranspiration is greatest during the summer growing season, and least during
the winter months. There are no published studies on evapotranspiration in the study
area. Using data from the U.S. Weather Bureau and an evaporation map, Kuprakorn
(1973) estimated an é;nnua] evaporation of 76 in (193 cm) approximately five miles
downstream from the Marshall Gulch gaging station. A U.S.G.S. annual sunshine and
evaporation map (1967) indicates evaporation from Class-A pans in Tucson to be
between 80 and 96 in (203 to 243 cm) annually. Cooler temperatures at highér elevations
should make evaporation rates for the study area less than these two estimates. Chapter 4
presents evapotranspiration estimates for the study area.

Human Use

The Mt. Lemmon Cooperative Water Company, Inc. (M.L.W.C.) can trace its

beginnings back to 1926 when the Summerhaven Development Company merged several

smaller water supply systems (M.L.W.C., 1996). Incorporated in 1944, the M.L.W.C.

-operated on_a voluntary basis until the_1960's._The M.L..W...C...c.umfentiyAholdsfwater-ri-ghts-——-- S

for 28.47 acre-feet (35,119 m3) per year. The United States Forest service has water
rights to approximately 32.84 acre-feet (40,504 m?®) per year. The only other major water
user in the study area is the University of Arizona's Steward Observatory, but its water
use is not metered and is only for personal consumptiqn. The United States Air Force
maintains a communications facility near the summit of Mt. Lemmon, and shares water

with the Steward Observatory.
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CHAPTER 3

SOURCES OF DATA
This chapter describes the sources of data used in this thesis. The period of
record, data collection frequency, and other pertinent facts are presented for each agency
or individual providing data. Where possible, quantitative or qualitative assessments of
the error in each data set are made. Corrections, additions, or additional modifications to
the data set not covered in Chapter 4 are presented here. Data used in this project were
obtained from many people and agencies. Information from any one source was checked

against other sources wherever possible, but this was not always feasible, primarily due to

the lack of overlap between or among data sets.

Mt. Lemmon Water Company

Records from the Mt. Lemmon Water Company include monthly consumption
totals [1991 to 1997] (M.L.W.C., 1998). Transmission losses in the M.L.W.C. storage
and distribution system have been estimated at between 25 and 50 percent (Stanley,
1998). Other data from the M.L.W.C,, such as volumes stored in various storage tanks,
pumping amounts, etc. were available, but ﬁot used separately since they were

incorporated in the monthly consumption totals.

United States Geological Survey

Streamflow records for Sabino Creek at Marshall Gulch (U.S.G.S. gage
#09483300) consist of daily mean discharge measurements from 1951 to 1959. U.S.G.S.
streamflow records for Sabino Creek in Sabino Canyon (U.S.G.S. gage #09484000)

consist of daily mean discharge measurements from 1932 to 1974 and 1989 to the
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an excellent long-term record of streamflow for Sabino Creek basin. The accuracy of the
stage-discharge relationship for gaging stations is typically on the order of + 5% (WMO,
1980).

U.S.G.S. digital elevation models (DEMs) for the 7.5 minute tdpographic
quadrangles of Mt. Lemmon (U.S.G.S, 1981) and Mt. Bigelow (U.S.G.S, 1981) were
used with ARC/Info (ESRI, 1994), a geographic information system (GIS), for elevation,
slope, and aspect analysis. The DEMs were comprised of elevations, measured in 30 m
by 30 m blocks for the above U.S.G.S. quadrangles. The standard root mean square error
(RMSE) in vertical elevation for the U.S.G.S. DEMs used in this project was 7 meters,
with a maximum allowable RMSE of 15 meters. The DEMs were obtained electronically
from the Arizona Land Resources Information Service, and converted into ARC/Info
grids. A fnask for the study area was obtained by using the WATERSHED command.
The mask was then applied to a point coverage created by appendin g the two DEMs.
Slope and aspect were determined using the SLOPE and ASPECT commands in
ARC/Info’s GRﬁ) package.

United States Forest Service

United States Forest Service data includes daily stream discharge measurements
from the Marshall Guich gage from 1982 to the present. Approkimateiy 47 percent of ihe
data (on a monthly basis) are missing. Errors in the Forest Service discharge data are

expected to be the same as those in the U.S.G.S. data since the data are from the same
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to 1997] and well in Sabino Canyon [1989 to 1991] (Hensel, 1998). The flow meter is
read to the nearest gallon.

National Climatic Data Center / Western Regional Climate Center

National Weather Service Cooperative Precipitation Network data for various
sites in the Catalinas from 1950 to the present were used to estimate rainfall. These data
consist of handwritten monthly station summaries listing daily high, low, and observed
temperatures; rain and/or snowfall; and other pertinent weather observations. The
Western Regional Climate Center provided temperature and precipitation data for
Palisades Ranger Station in electronic format (WRCC, 1998). Daily temperatures
recorded at the Tucson International Airport were obtained from the National Climatic
Data Center (NCDC, 1999). Southern Oscillation Index (SOI) values were obtained from
the Western Regional Climate Center (WRCC, 1999).

The érror in point measurement of rainfall can vary widely, and is highly
dependent upon the amount of precipitation, wind speed, and the topography (Sevruk, et.
al., 1992). Furthermore, the scaling of point measurements to areal measurements
introduces another source of error.

Pima County Flood Control District

Daily precipitation data from the Pima County Flood Control District (PCFCD)
ALERT flood warning system were obtained in both printed and electronic format. The

ALERT data are collected by automated stations, which measure daily rainfall totals with




42

tipping buckets. PCFCD also receives rainfall reports from two volunteer. ohservers in

the town of Summerhaven. It is expected that errors in rainfall point measurement would
be lower than those of volunteer observers with a rain gage due to the use of an
automated tippfng bucket with a larger area. The error involved in approximating areal
precipitation from point measurements is expected to be similar.

National Resources Conservation Service

The Natural Resources Conservation Service (formerly Soil Conservation
Service) maintained a snow survey course in the study area at Bear Wallow from 1947 to
1981. Information from this course was used for water supply forecasting. Data were
collected twice a month, generally on the 1st and 15th of each month, from January 15th
to April Ist. Data were collected at eight sampling locations, 50 feet apart with a Federal
sampler (Ffolliott er. al., 1996), -SnOWpack depth and water equivalent were reported as
averages for the entire course. The data are summarized by Jones (1981). Errors in the
measurement of snowmelt data with a Federal sampler are on the order of + 0.5 inches

(1.27 cm) (Work et. al., 1965).
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WATER BU]‘)é};Z_T-EALCULATIONS
The techniques used to determine monthly fluxes for the hydrologic processes
operating in Upper Sabino Creek Basin are presented in this chapter. First, the water
budget is described. Next, the methods used to determine the inflows (precipitation and
snowmelt) are described. Finally, the procedures used to estimate outflows (stream
discharge, underflow, municipal usage, groundwater pumping and evapotranspiration) are

examined.

The Water Budget

The water budget mgthod can be used to study hydrologic processes of regions
ranging in scale from a few acres to an entire planet. Hydrologic data for the area of
interest are collected and averaged over the entire basin area to obtain volumetric totals
for each hydrologic process. Unknown volumes can then be estimated by quantifying
known fluxes and bringing the system into balance. The water budget equation is
developed by expanding the hydrologic continuity equation:

I-0Q =dS/dt (1
where: [ is équal to inflow {L3/T 1, O represents outflow [L3fT ], and dS/dt is the change in
storage with respect to time [L*/T].

For any watershed, there are numerous inputs and outputs. Inflow consists of
such hydrologic pro;:esses as precipitation, snowmelt, surface flow, and groundwater
flow. Qutflow includes human consumption, evaporation, transpiration, runoff, and

groundwater discharge. Figure 4.1 is an idealized representation of the concept of the
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Figure 4.1, The hydrologic cycle (from GLOBE, 1998).

Water Budget Equation for Upper Sabino Creek Basin

Expanding Equation (1) to include the hydrologic processes operating in the study
area, a water budget equation may be written as:
P+M-R-U-D+W-G-E=AS | (2)
where: P represents precipitation (rain, snow, sleet, and hail) [L*], M is snowmelt [L3], R
is runoff [L%], U equals underflow through streambed alluvium [L?], D is consumptive
use [L*], Wis waste discharge from septic systems [L.’], G is gréundwater pumped from

the U.S. Forest Service well and used outside the basin [L], E represents
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evapotranspiration [le and AS Prllmh r-hnngp in storage

groundwater) [L3].
Assumptions

For this study, two assumptions were made about the natural system. First, there
is no surface water or groundwater inflow. The study area includes the highest elevations
in the Catalina Mountains. It is physically impossible for surface water to flow uphill,
and there is no evidence of the existence of an artesian aquifer. Secondly, surface storage
was neglected since there are no significant surface water bodies in the area where water
could be stored.
Precipitation

Input from precipitation was determined using data from the sources listed in
Table 2.1. While most observers recorded snowfall and rainfall separately, we lack the
information needed to estimate the snow component of recorded rainfall. Automated rain
gages do not distinguish between the two, either. The rainfall measurements may also
include water from hail. For this analysis, precipitation may be defined as water in the
form of rain, snow, or hail that is immediately available to participate in thc hydrologic
cycle (see Figure 4.1). Water input from snowmelt is discussed in the next section, and is
considered a separate component of the water budget.

Daily rainfafll totals were used to calculate the mean monthly rainfall for each
station. The method of Thiessen polygons (Bedient and Hiber, 1992) was used to assign

areal weights to each station (Figure 4.2). The monthly mean rainfalls for each station



46

were weighted by their representative areas, and then summed to estimate the total

precipitation input for each month. For months prior to 1990, there are no
contemporaneous, spatially distributed precipitation data available. Missing nodes in the
polygon network were reconstructed as follows:
1. Monthly ratios of precipitation at each station to the mean basin precipitation were
calculated for the post-1990 gages. _
2. These scaling fact;)rs were used to account for the different locations of pre-1990

gages within the polygon network.

s

L)

Precipitation at each station was calculated by extrapolafting the observed
precipitation to the post-1990 stations based upon the monthly ratios and scaling
factors.

Table 4.1 contains mean monthly precipitation values for the basin.

Table 4.1 Mean Basin Monthly Precipitation

Month inches ac-ft cm m’
January 3.3 553.3 8.4 6.8 x 10°
February 29 484.2 7.4 6.0 x 10°
March 2.3 377.2 57 4.6x 10°
April 0.8 127.0 1.9 1.5.%.10°
May 0.7 121.2 1.8 1.5x 10°
June 0.7 115.3 1.8 1.5.% 10°
July 43 720.2 11.0 8.9x 10°
August 52 864.0 13.2 l.1 % 10°
September 25 416.7 6.4 52% 107
October 23 3727 5.7 4.6x 10°
November 7 345.1 53 43x10°
December 3.2 538.7 8.2 6.6 x 10°
ANNUAL 30.2 5035.5 76.7 6.2 x 10°
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Figure 4.2, Thiessen polygons

Snowmelt

In a water budget performed on a temporal scale greater than one week, the
amount of snow that falls from the sky in any one storm is generally of little concern.
Some snow never enters the water budget due to evaporation from the snowpack or wind
blowing snow out of the basin. The water produced by snowmelt is more important than
the amount of snowjfzll. Snowmelt depends upon many factors, including air
temperature, solar radiation, latent heat, sensible heat, and vegetation. Two methods wer

used to estimate water input from snowmelt.
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(January - March, see Chapter 3), a three-step process was used to estimate snowmelt in
upper Sabino Creek basin:

1. The basin was divided into three elevation zones.

2. The potertial énowmelt was calculated for each zone and comparedfto the

SWE_avaiIable for melting.

3. The snowmelt input to the water budget was determined for the basin.
The use of multiple elevation zones, combined with verification against field-measured
data brings a higher resolution to a component of the water budget that is often subject to
wide-ranging assumptions.

For months lacking NRCS data (October - December), a temperature threshold of
0° C (32° F) was used to estimate whether a recorded rainfall event produced rain or snow
in each zone. Any snow that fell in a given month was assumed to melt in the same

month, as the higher mean monthly temperatures would encourage rapid melting and

inhibit snowpack accumulation. While this assumption does introduce EITOT;-eVen-greater—— —-——

error would be introduced by attempting to estimate depths, densities, and snow-covered
areas without any data.

Assignment of elevation zones. Snow accumulation, melt rate, areal coverage,

and water equivalent tend to vary with elevation. The study area was subdivided into

three elevation zones to better account for the influence of elevation on snow




49

accumulation and melt. Each zone covered approximately 650 ft (200 m) in elevation

Table 4.2 contains area and aspect information about each zone.

Table 4.2 Description of elevation zones

Zone | Elevafion rarige, . Per'cent of P;rcent of zone Percent of zone
] basin area with a north aspect | with a south aspect
Lower 7,200 -7.,875 40 41 59
Middle 7,875 -8,530 50 54 46
Upper 8,530 - 9,157 10 71 29

The lower two zones cover roughly the same area and have similar distributions of slope
aspect. The upper elevation zone occupies a much smaller area in the northwest corner of

the study site, and faces primarily to the north..

Calculation of Potential Snowmelt for Each Zone The degree-day method was

used to calculate snowmelt for each elevation zone. This method estimates snowmelt as ‘a
function of air temperature, and is widely used to estimate snowmelt for basins that do
not have the extensive data records needed by other snowmelt models. The equation used
is:

M=aTm 3)
(Rango and Martinec, 1995) where: M represents snowmelt (cm), a is the degree-day
factor (°C cm™ d), and Tim equals the number of degree days (°C d). A degree-day is
defined as an exceedence of one degree per day in the daily mean temperature from an
adopted reference temperature (Linsley, et. al., 1982). For this study, the reference

temperature was 32° F, 0° C. Degree-day factors are affected by snow density, the
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presence (or absence) of a forest canopy, solar radiation, and other factors (Rango and

Martinec, 1995).

The daily mean air temperature for each zone was estimated using the lapse rate of
-0.0038 °F / foot change in elevation obtained by comparing daily temperature data
between Tucson International Airport and the stations in Table 2.1. Since there are no
contemporaneous temperature data available, different base stations were used for
different time periods, and scaled to the appropriate zone. See Table 2:1 for a description

of each station and its temporal coverage.

An equation developed by Kuusisto (1980):
a=1.04 ps/pw-0.07 4)

(where a is the degree-day factor (°C cm™ d'), ps represents the density of snow, and pw
is the density of water) was used to calculate the degree-day factor from the SCS
measurements of SWE and depth at Bear Wallow. This equation accounts for the effect
of forest vegetation, which covers the study area. Because the snow “sampling
equipment is so designed and the scales so calibrated... the weight of the snow core is
converted directly to inches of water” (Jones, 1981) the density of snow is equivalent to
the SWE divided by the snow depth. The density of water is assumed to be unity. Rango
and Martinec (1995) note that “daily snowmelt depths cannot accurately be computed by
the degree-day method.” For this study, snowmelt was estimated on a bi-weekly basis,

corresponding with the frequency of snow course data.
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plentiful. Given the relatively low snowfalls observed in the Santa Catalina Mountains,
care was taken to verify that the potential snowmelt did not exceed the amount of snow
actually available for melting, thus distorting the water budget. Using the temperature
threshold method, the total available SWE was estimated for each bi-weekly period.
Snowfall was assumed to occur evenly throughout each month.

Determination of Snowmelt Input The bi-weekly volume of snowmelt (after

£

adjusting for SWE available for melting) was determined by multiplying the melt for each
elevation zone by the amount of snow-covered area for that zone. There are no records
available on the distribution of snow in the entire study area. The average snow-covered
area in the study area from January 15 to April 1 was determined from maps hand drawn
by Stanley (1998), an 18-year resident of Summerhaven. Table 4.3 shows the percentage
of snow-covered area within each elevation zone, and according to aspect.

Table 4.3 Seasonal distribution of snow-covered area

Percent of area covered by snow

Lower elevation Zone | Middle elevation zone Upper elevation zone

South North South North South North

Date aspect aspect aspect aspect aspect aspect
Jan. 15 100 100 100 100 100 100
Feb. 1 100 100 100 100 100 100
Feb. 15 100 100 100 100 100 100
Mar. 1 25 50 50 70 50 100
Mar. 15 S 10 0 10 20 100
Apr. 1 0 D 0 5 0 40

South-facing slopes receive more solar energy than north-facing siopes due to the

inclination of the sun; hence they generally melt more quickly. Gottfried et. al. (1998)
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facing slopes. Table 4.4 lists the mean melt volume for each month.
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Table 4.4 Mean snowmelt volumes
Month Mean melt volume (ac-ft) | Mean melt volume (m®)
October 92.3 113,850.8
November 208.7 257,428.7
December 410.4 506,222.9
January 285.3 351,913.8
February 140.3 173,058.2
March 43.0 53,039.9
Runoff

Runoff is water that exits the basin as surface flow. Figure 4.4 is a plot of mean
monthly discharge and monthly standard deviation at Marshall Gulch using data from
1951 to 1959, and 1982 to 1997. An extreme drought affected the area in the 1950's
(Betancourt, 1998), a period accounting for 46% of the streamflow record. The influence

of a major flood in October 1983 is also apparent in Figure 4.3. Given the high variability

of the data, it was desirable to reconstruct the streamflow record in order to have a longer

Data from the U.S.G.S gaging station in Sabino Canyon, approxirnatlely nine miles
(14.5 km.) downstream from the town of Summerhaven was used. Figure 4.4 shows the
location of the two gages. There are approximately 50 years of data for the Sabino
Canyon gage, compared to approximately 15 years of data available from Marshall Gulch

(many missing 25% of the measurements or more).
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Figure 4.3, Monthly discharge and standard deviation; Sabino Creek at Marshall Gulch
Streamflow reconstruction is an estimation procedure whereby the flow at one
gage is used to predict or reconstruct the flow at another gage on the same stream. A

generalized mathematical model is:

y=r(x) (5

where y is estimated flow, x is known flow, and frepresents some predictive function.
For this study, the independent variable (x) is the flow at Sabino Canyon. The dependent

variable (y) represents the flow at Marshall Gulch.
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method (described by Hirsch, 1979), least squares regression (described by Hirsch e. al.,

1993), and Maintenance of Variance Extension methods 1 and 2 (Hirsch, 1982). All four
methods were used to reconstruct streamflow at Marshall Gulch, and the method that
yielded the lowest mean square error (MSE) was selected for use in calculating monthly
discharge. Table 4.5 contains the MSE values for each reconstruction method.

Table 4.5 MSE for streamflow reconstruction methods

Method Equation MSE
Linear Regression | y=0.83 x +9.26 2,359.8
MOVE.2 y=43.33+0.10 (x-412.03) |2,584.3
MOVE.1 y=43.46+0.10 (x —425.48) |2,603.1
Drainage Area Ratio | y=09x 559,471.2

The linear regression method was found to have the lowest MSE, at 2,359.8. The
variables were not transformed, as Srikanthan and McMahon (1992) do not recommend
transformation of highly variable data.

Figure 4.6 contains plots of recorded and reconstructed discharge and standard

dcy,ia;ion ...Figure 4.6a shows ,that_theﬁreconstr.uc,ted.,meanfmonthl_y-dischargefis Jlower
than the historical means for January, March, April, May, August, and October; but is
greater than the historic record in June, July, September, and December. The historic and
reconstructed discharges are roughly equivalent in February, and November. Figure 4.6b
shows that the streamflow reconstruction has reduced the monthly standard deviation;
most markedly in the month of October. Standard deviation increases in September and

December. This is most likely due to the larger drainage area of the Sabino Canyon gage,
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which captures flows resulting from precipitation events outside the Marshall Gulch

gage’s watershed. Flows resulting from isolated precipitation that did not fall in the study

area could be recorded at the lower gage. There is virtually no change in the month of

June. Figure 4.6¢ shows that the standard deviation is very close to the mean for each

month in the reconstructed streamflow record, with the exception of October.

Table 4.6 contains descriptive statistics for the upper gage, incorporating both

measured and estimated flows. Note that while the averaging period for the historic

record is approximately 12 years, the reconstructed monthly averages are based on an

additional 40+ years_df reconstructed data.

Table 4.6. Descriptive statistics for measured and estimated discharge

Monthly discharge, ac-ft

Standard deviation, ac-ft

e Recon- v Recon-
Manih Iii‘(‘::;‘: structed | Difference If:if:éc structed | Difference
record record
Jan 197.03 168.39 -28.64 350.62 371.63 +21.01
Feb 141.30 136.87 -4.43 +.201.25 210.75 +9.50
Mar 280.12 188.40 -91.72 292.44 296.09 +3.65
Apr 208.68 106.01 -102.67 27217 176.64 -95.53
May 57.39 34.70 -22.69 113.41 68.76 -44.65
Jun 6.52 10.79 +4.27 8.21 9.61 +1.40
Jul 2035 38.33 +8.98 49.27 59.36 +10.09
Aug 131.52 93.96 -37.56 130.47 113.95 -16.52
Sep 35.54 61.66 26.12 50.51 . 112.84 +62.33
Oct 182.20 93.44 -88.76 654.94 406.10 -248.84
Nov 43.70 35.69 -8.01 50.48 45.17 -5.31
Dec 91.42 117.95 +26.53 143.20 203.94 +60.74
Total 1,404.77 | 1,086.18 -318.59 2,316.97 | 2,074.84 -242.13
Mean 117.06 90.51 -26.55 193.08 172.90 -20.18
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Figure 4.5, Historic and reconstructed streamflow record
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Figure 4.6, Reconstructed streamflow
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Human Use

The town of Summerhaven relies upon the springs that feed Sabino Creek
for its water supply. The U.S. Forest Service also withdraws water from the
Sabino Creek watershed for part of the year to provide water for campgrounds and
fire suppression.  Monthly use by both entities was estimated from flow meter
readings in their pumphouses located in upper Sabino Canyon. For any two
sequential feadings, the total volume of water used and the average flow rate were
determined. For instances when the time period covered more than one month or
portions of two months, the flow rate was multiplied by the number of days at that
rate remaining in each month to determine a monthly total. Table 4.7 presents the
mean amount of water withdrawn from the basin by each entity for each month of

the year.
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Tahle 4.7 _Average municipal water withdrawn 1991-1998

Fonth Mount Lemmon Water Co. | U.S. Forest Service
Gallons Acre-feet Gallons Acre-feet

January 503,195 1.54 81,638 0.25
February 469,589 1.44 57,226 0.18
March 566,286 1.74 57,358 0.18
April 545,150 1.67 183,091 0.56
May 235,349 0.72 245,812 0.75
June 479,946 1.47 268,797 0.82
July 428,665 1.32 263,143 0.81
August 380,342 1.17 186,922 0.57
September 683,932 2.10 169,616 0.52
October 546,520 1.68 202,906 0.62
November 621,266 1.91 93,263 0.29
December 497,330 1.53 202,958 0.62
Total 5,957,972 18.29 2,012,728 6.17

Monthly water withdrawn by the M.L.W.C. and the U.S. Forest Service is plotted in
Figure 4.7. Aside from occasional fire suppression activity, none of the water pumped by

the Forest Service is returned to the Upper Sabino Creek watershed.
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Figure 4.7, Monthly municipal water withdrawn

The spring and fall peaks in the M.I_;.W.C. data reflect the filling and draining of
storage tanks, rather than the ‘actual use of water. Because of this temporal discrepancy
between pumping and use, it is necessary to determine not only how much water re-enters
the watershed, but also when it re-enters the hydrologic cycle. This can be accomplished
by looking at the amount of water consumed by customers each month rgther than the

amount of water pﬁmped into the M.L.W.C. system.
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Figure 4.8, Number of active meters per month
All water supplied to M.L.W.C. customers is assumed to re-enter the basin as
sewage. In the study area, sewage is disposed of through two means, septic tanks and a
municipal sewage system operated by Pima County. Of the 488 structures in
Summerhaven, only 36 are connected to the sewage system. Sewage treated by the Pima
County treatment plant is discharged outside of the basin, on the north side of Mt.
Lemmon into the San Pedro River watershed. The treatment plant has a permit to

discharge 12,500 gallons of sewage per day (0.04 ac-ft/day, 14 ac-ft/year). The remaining
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to break down solid waste material in an underground tank. After the waste is liquefied,

it leaves the tank and enters a leach field, where it is further broken down by bacteria.
The amount of sewage exported from the basin by the treatment plant is
insignificant compared to the amount that re-enters the basin through septic systems.
Effects of the treatment plant will not be considered in the water budget since the plant
hardly ever operates near its full allowance of 14 acre-feet for the entire year (Stanley,
1998). All water supplied by the M.L.W.C. is therefore assumed to re-enter the basin,
either as sewage or irrigation (landscaping). Figure 4.9 is a plot of monthly domestic

water use.
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Figure 4.9, Mean monthly domestic water use

Evapotranspiration

Evaporation is the conversion of water from the liquid state into the gas state.
Evaporation not only occurs from bodies of water, but also can take place from soil and
plants. Transpiration is defined as “that part of the total evaporation which enters the
atmosphere from the soil through the plants” (Shuttleworth, 1993). The combined total of
evaporation and transpiration is referred to as evapotranspiration. There is no surface
water storage in Upper Sabino Creek basin, and the surface area of Sabino Creek is too

small to be considered significant for evaporation. While some evaporative losses may
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occur directly from the soil. this process is not considered to be significant due to the

abundant vegetation throughout the study area. All evapotranspirative losses are assumed
to come from transpiration. Evapotranspiration is customarily calculated for a reference
crop. Reference crop evaporation may be defined, in the case of short grass, as "the rate
of evapo;ation from an idealized grass crop with a fixed crop height of 0.12 m, an albedo
of 0.23, and a surface resistance of 69 s/m" (Shuttleworth, 1993).

Instead of the direct measurement of water vapor transpired by plants,

evapotranspiration can be measured by using meteorological parameters, as inputs into

equations that have been developed to estimate evapotranspiration. Evapotranspiration is
a complex process, affected by air temperature, humidity, air pressure, wind speed, and
cloud cover, the type of plant, and other factors. Evapotranspiration is difficult to
quantify, and the most accurate methods rely on all of the above parameters. For this
study however, the only available parameters were daily minimum and daily maximum
temperature.

The temperature values were adjusted from the elevation at which they were ,
measured to the mean basin elevation of 8,015 ft. (2,443 m.). The same lapse rate
used for snowmelt calculations (-0.0038 °F / foot change in elevation) was applied.
Reference crop evaporation was then estimated using the Hargreaves equation
(Hargreaves and Samani, 1985; Shuttleworth, 1993):

Erc =0.0023 So (6T)°° (T + 17-.8) (6)
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extraterrestrial radiation (mm/day) (the equivalent energy necessary to evaporate the same
amount of water in one day), T represents the difference between mean monthly
maximum and minimum temperatures, and T is the temperature (°C).

The value of So can be estimated if the relative positions of the earth and sun and
the amount of daylight are known. These can be calculated if the latitude and the day of
the year are known. The solar declination () [angular distance of the Sun north or south
of the Earth's equator] is given by:

6 =0.4093 sin (27/365 J - 1.405) @)
where J is the day of year number (Shuttleworth, 1993). The sunset hour angle (ws) [the
difference between local solar time and solar noon] is given by the equation:

s = arccos(-tan ¢ tan ) (8)
where @ is the latitude (in radians) (Shuttleworth, 1993). The relative distance between
the earth and the sun (dr) is given by:

dr=1+0.033 cos (27 /365 J) %)
(Shuttleworth, 1993). Once these parameters are known, the extraterrestrial solar
radiation (So) can be estim#ted by:

So =15.392 dr (s sin ¢ sin &+ cos ¢ cos §sin ws ) (10)

(Shuttleworth, 1993).
The reference crop characteristics previously described de not correspond to the

vegetation at the study site, which is primarily forest. The evapotranspiration estimates
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the study site. In a forest environment, approximately 20 percent of the precipitation may

be intercepted by thé forest canopy (Shuttleworth, 1993) where it evaporates more
quickly than normal because of the turbulent action of wind. However, forest
transpiration rates are generally lower (80% of reference crop evaporation) (Shuttleworth,
1993). It is necessary to consider both processes when attempting to estimate
evapotranspiration in a forest environment. A monthly evapotranspiration estimate for a
forest environment suggested by Shuttleworth (1993)1s:
Eforest = 0.8Erc + aP (L1}

where a represents interception loss (assumed to be 0.2), and P is precipitation (mm).
Aside from the ski runs of Mt. Lemmon Ski Valley and central Summerhaven, the entire
study area is forested.

Daily temperature records from the stations in Table 2.1 were used with Equations

8-12 to determine monthly potential evaporation. Monthly precipitation data from the

-~ -——Same-stations were used-with Equation 13-to-account for the-effect of the forest canopy———"

Table 4.8 gives the monthly potential evapotranspiration estimates for the study area.
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Table 4.8 Mean monthly potential evapotranspiration

Evapo- Evapo- Evapo- Evapo-
Month | transpiration, | transpiration, transpiration, | transpiration,
inches acre-ft cm m’
January 1.4 239 3.6 294,687
February 1.8 295 4.5 364,025
March 2.8 474 12 585,294
April 4.1 677 10.3 835,790
May 54 908 13.8 1,120,077
June 6.2 1,034 15.7 1,276,181
July 5.8 962 14.6 1,187,009
August 4.9 816 12.4 1,007,122
September 3.9 652 9:9 804,768
October 2.8 473 T2 583,902
November 1.8 301 4.6 371,108
December 1.3 224 3.4 215,792 e
Annual 422 . 117058 i oo d0T2 8,705,755
Groundwater

Groundwater is most readily available in the alluvial sediments in the channel of

Sabino Creek (Scheruder and Laine, 1974). Although water may not be flowing in the

creek, it is usually present in the deposits beneath the channel itself. The driller's log

from the U.S.F.S. well in Upper Sabino Canyon near Dead Fir Spring indicates that the

depth of the alluvium is 40 feet at that location (A.D.W.R., 1983). Assuming a depth of

40 feet along the entire 3-mile length of the stream and a porosity of 30%, the volume of

alluvium available for storage is 190,080 ft3, or 4.36 acre-ft (5,378 m3). While the water

in the alluvium is readily accessible, this unit should not be considered to be a viable

source of water since over-exploitation could cause the creek to go dry.

No data are available on the hydraulic properties of the fractured rock units that

underlie the study site. Schreuder and Laine (1974) found that the time lag between a
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suggesting a connection with groundwater flow in the bedrock system. The driller’s log
for the Forest Service well indicates a 10-foot thick zone of fractured granite at a depth of
75 to 85 feet, but does not indicate that water was encountered in this unit. Figure 4.10 is
a plot of mean monthly groun-dwater pumpage by the U.S. Forest Service. The well
withdraws groundwater from the alluvium along the bed of Sabino Creek. Groundwater
withdrawals peak during the periods of high demand during the summer months, and
decline for the remainder of the year. Due to insufficient pumping records it was
impossible to correlate stream dischar.ge with well pumping.

Another component of the groundwater system is underflow along Sabino Creek.
Underflow is that water that flows in the channel of a stream, beneath the streambed. The
gaging station at Marshall Gulch never measures underflow, even though it is occurring.
If the depth of alluvium is estimated to be 20 feet and the width of the alluvial channel is.
estimated to be 10 feet, the discharge through the alluvium on a monthly basis can be
estimated by solving Darcy's law (Bear, 1972);

Q=-K A dh/dl (12)
where: Q equals discharge [L3/T 1, K is the hydraulic conductivity [L/T], A is the cross-

sectional area (200 ftz) [L2, and dk/dl is the hydraulic gradient [L/L].
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Figure 4.10, Mean monthly groundwater pumping, 1989-1991
There are no data available on the hydraulic conductivity of the alluvium of Sabino
Creek. Anderson aﬁd Freethey (1992) note that the mean hydraulic conductivity value
used to model the alluvium of the Tucson Basin was 86.6 ft/day. The hydraulic gradient
is equivalent to the stream gradient of 0.1. Solving equation (14) above using these
valueé estimates underflow to be 1,732 ft*/day or 1.2 acre-ft/month, which is a small
fraction of monthly discharge. Although this figure undoubtedly varies on a diurnal
basis, without further study it is impossible to make a more accurate estimate of

underflow.
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RESULTS

This chapter presents the results of a monthly water budget analysis for Upper
Sabino Creek Basin based on an analysis of 48 years of hydrologic data. For each month
of the year, the mean value for each component of the water budget was determined.
Because precipitation is the largest contributor, and evapotranspiration accounts for the
greatest loss of water from the system. The implications of this study as a source of
information about mountain-front recharge to the Tucson Basin are addressed at the
conclusion of this chapter.

Monthly Water Budget

As described in Chapter 3, the -water budget approach assumes that there is a
balance among the hydrologic processes so that all the terms in equation (2), when
summed are equal to zero, giving:

P+M—R-U-—D+W-_G-E+AS=0 (13)
This assumes fhat the storage term (AS) reflects changes in soil moisture and
groundwater. Water input from precipitation was subdivided into rain and snow, based
on the following procedure:
1. The daily elevation of the freezing point of water was determined based upon
temperature data from the sources in Table 2.1. If no data were available, the
elevation was extrapolated from temperature data collected at the Tucson airport,

using a lapse rate of -0.0038 °F/ft.
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3. Daily rainfall and/or SWE volumes were estimated based upon the relative areas
of the basin above or below freezing.

4. The proportion of rain and/or snow (as a percentage of total monthly
precipitation) was determined for each month of record. If no data were available,
mean values were used.

Snowpack storage is not included in this balance, but is accounted for separately.
Snowmelt was limited by the SWE available for each month.

On an annual basis, the change in storage (AS) must be equal to zero if there is no
net gain or loss in storage (steady-state conditions). When the monthly water budget was
calculated using the methods described in Chapter 4, the mean annual change in storage
was -3.7 ac-ft, with a standard deviation of over 1,500 ac-ft. This discrepancy indicated
that a component of the water budget was either over- or underestimated.

Since precipitation, snowmelt, and runoff are based on observed values and
potential evapotranspiration was based solely on estimated values, it appeared likely that
evapotranspiration was the component in question. The potential evapotranspiration
values for each month were adjusted until the annual change in storage was zero. By
reducing the potential evapotranspiration values by an average of slightly more than 56%,

it was possible to bring the change in storage to zero for every year, with the exceptions
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of 1083 1983, and 1990. The potential evapotranspiration adjustment factor for each

month can be found in the monthly water balance presented in Appendix A.

After adjusting evapotranspiration for the 48 years of record, the mean change in
storage was -48.4 ac-ft, with a standard deviation of 380.3 ac-ft. Although the mean
change in storage is higher than before potential evapotranspiration was reduced, the
standard deviation is only 25% of the unadjusted standard deviation. Furthermore, these
values are dominated by the extreme rainfall event of October 1983. If the annual change
in storage for 1983 is not used to calculate the average, the mean change in storage for 47
years of record falls to 6.2 ac-ft, with a standard deviation of 37.0 ac-ft, only 2.5% of the
unadjusted standard deviation. After adjusting for evapotranspiration, the mean annual
change in storage is approximately one tenth of one percent of the total annual mass flux.

All components of the water balance were averaged to find the mean value for
each month of the year. These values were then input to equation (15) and the storage
term was adjusted to bring the system into balance. Tables 5.1 - 5.3 list the monthly
volumes for the hydrologic processes operating in upper Sabino Creek basin; and Table
5.4 shows the total inputs, outputs, and final balances. A month-by-month water balance

for the time period 1950 - 1997 is presented in Appendix A.
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Table 5.1 Monthly water budget inflows, acre-feet

Month Rainfall | Snowmelt | Septic return
January 226.4 285.3 0.6
February 370.3 140.3 0.9
March 340.4 43.0 1.1
April 125.3 15.2 1.7
May 121.2 0.0 2.6
June 115.3 0.0 2.6
July 720.2 0.0 2.6
August 864.0 0.0 2.6
September | 4153 1.4 LA
October 280.4 92.3 1.1
November 136.5 208.7 0.9
December 178 2 410.4 0.6
Annual 3,843.6 |1,196.4 19.0

Table 5.2 Monthly water budget outflows, acre-feet

Month | Runoff Under- | M.L.W.C. | US.F.S. Ground\.avater . Ev?lpo.trans

flow use use pumping - piration
January 209.8 1.2 1.6 0.3 0.0 120.3
February 158.5 1.2 0.8 0.2 0.0 161.4
March 213.9 1.2 1.1 0.2 0.0 258.6
April 114.1 1.2 3.4 0.6 0.0 370.1
May i b | 1.2 0.6 - 0.8 0.0 500.1
June 12:4 12 1.5 0.8 0.4 561.1
July 38.3 1.2 1.4 0.8 (L 523.0
August 109.8 1.2 1.2 0.6 0.2 436.1
September | - 68 5 1.2 2.0 0.5 0.2 352.2
October 54.7 1.2 3.2 0.6 0.1 257.5
November | 399 1.2 0.3 0.3 0.1 162.9
December | 1332 1.2 1.7 0.6 0.1 120.2

Annual | 1,186.0 14.4 18.7 6.2 1.5 3,833.5
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Month | Inflows Outows A ,Storage Balance
January 512.3 343.1 -169.2 0.0
February | 5115 322.1 -189.4 0.0
March 384.5 475.0 90.5 0.0
April 142.2 489.4 347.2 0.0
May 123.8 535.7 411.9 0.0
June 117.9 577.0 459.1 0.0
July 722.8 564.7 -158.1 0.0
August 866.6 548.9 3177 0.0
September | 418.4 4245 6.1 0.0
October 373.8 317.2 -56.6 0.0
November | 3460 204.5 -141.5 0.0
December | 5393 256.9 -282.4 0.0
Annual | 5,059.1 5,059.1 0.0 0.0
Precipitation Water input from precipitation is the greatest in the month of

August, with a mean volume of 864 acre-feet. The least amount of rain falls in May and

June, with volumes of 121 and 115 acre-feet, _respectively.

Snowmelt The greatest volume of snowmelt, 410 acre-ft, is produced in
December. Snowmelt volumes decline later in the season as the amount of snow-covered
area is reduced. Stream discharge does not peak until March, suggesting that early
snowmelt infiltrates through the soil and rock rather than simply draining into Sabino
Creek. Later in the melt season, the combination of saturated soil and increasing
temperatures produces a significant increase in runoff.

Runoff Runoff ranges from 214 acre-ft in March to 12 acre-ft in June. On an

annual basis, runoff accounts for 25% of the total volume of water in the study area.
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for the remainder of the year. Runoff is highly variable, and daily flow rates are often 1

cfs (2 acre-feet/day) or less.

Domestic Use Withdrawal of water ranges from over 3 acre-ft in April and
6ctober to less than one acre-ft in November. This reflects the filling of storage tanks
rather than actual use, which peaks during the summer months. Virtually all of the water
withdrawn by the M.L.W.C. is returned to the basin as septic field discharge. U.S. Forest
Service pumping is negligible in terms of the water budget for the entire basin. Human
use can and does have a very significant impact on the surface flow in Sabino Creek,
however.

Both the M.L.W.C. and U.S.F.S. rely on springs that feed Sabino Creek for water
supply purposes. By diverting spring flow for human consumption, the discharge in
Sabino Creek can be diminishéd. Although nearly all of the water used by the M.L.W.C.

is returned to the basin in the form of septic discharge, this water generally does not re-

< —eNter-the-creek at-rates-high enough-to supplement discharge at-a-noticeable level.-—— —
Evapotranspiration Vegetation accounts for the greatest withdrawal of water from
the study area at a rate of 3,834 acre-ft per year; it is more than runoff and human
consumption combined. Evapotranspiration peaks during the month of June at 561 acre-
ft and is at its lowest during December at 120 acre-ft. These values have been adjusted to
bring the system into balance, as described previously. Potential evapotranspiration is

approximately double the adjusted evapotranspiration.
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Alluvial Underflow At present there are not enough data to accurately-estimate

this component of the water budget. While it undoubtedly varies, for this study it is

estimated to have a fixed value of 1.2 acre-feet per month.

Groundwater Recharge and Soil Moisture This component of the water balance
was not directly measured. The greatest amount of water leaves the basin as groundwater
recharge or soil moisture storage during the months of Novembér through February. This
suggests that surplus water during these months exits the basin as mountain-front
recharge or is stored as soil moisture. The greatest amount of water enters the basin from
soil moisture storage during the months of April through June. Input from this source of
water is reduced in July through September as evapotranspiration peaks, using most of
this water.

Mountain-Front Recharge

Increasing awareness about the depletion of aquifers in the Tucson basin and the
ongoing controversy over the delivery of Central Arizona Project water to homes in the
city of Tucson have inspired several stpdies on mountain-front recharge to the Tucson
basin. Geochemical analyses of groundwater samples from the Tucson basin indicated
high-altitude recharge, as well as contact with the gneissic basement rocks of the Santa
Catalina Mountains (Mohrbacher, 1983). Mohrbacher (1984) also estimated recharge
from the eastern half of the Santa Catalina Mountains to be 50 acre-ft per year per mile of

mountain front (mmf).
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Anderson et. al. (1991) developed an equation to predict mountain-front recharge

from precipitation greater than 8 inches:
log Qrech =-1.40 + 0.98 log P (14)
where QOrech equals mountain-front recharge, and P is precipitation. Using the annual
basin input of 5,040 acre-feet for the study area Equation 16 estimates recharge to be 169
acre-ft.
Recent work by Chavez et. al. (1994) is the most comprehensive insofar as it

relates to the water budget of Sabino Creek Basin. Chavez ez. al. developed an analytical

model-of seasonal streamfiow and evapotranspiration in order to estimate TaountanFront
recharge from Sabino Creek. After model development and calibration, mountain-front
recharge was estimated to be 13.5 acre-ft /year per mmf. However, this was for the
summer period only. The results of this study which show excess moisture in the spring
and the work by Keith (1980) indicate tha}: most recharge occurs during the spring rather
than the summer.

Estimates of mountain-front recharge based on the water budget for upper Sabino
Creek basin have a large uncertainty, as they are based on assumptions about several
other hydrologic processes in the basin. Chavez et. al. (1994) note that mountain-front
recharge “cannot be estimaied reliably by ‘gross’ water balance calculations.” There are
several miles and approxima.tely 5,000 feet of elevation difference between the study area

and the aquifers in the Tucson Basin. Any potential recharge leaving the study area still
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depletion from springs, gaining streams, and evapotranspiration.
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CHAPTER 6

ANNUAL VARIABILITY

This chapter examines the variability of the hydrologic processes operating in the
study area. Without some measure of variability, knowledge of the expected value (the
mean) leaves many questions unanswered, especially for water management applications.
For example, in a three-year period (1966 to 1968).the snow depth record from Bear
Wallow contains both the highest (1966 and 1968) and lowest (1967) extremes on record.
Variability is analyzed from two perspectives. The first method looks at the variability
present within each data set. The second approach addresses the relationship between the
data from Upper Sabino Creek Basin and global climatic variations, primarily the El Nifio
Southern Oscillation (ENSO) phenomenon.

Information on variability is important for several reasons. First, it allows one to
relate current data (precipitation, for example) to previous experience as well as make
predictions into the future. An understanding of variability will allow one to judge
whether the current conditions are simply a natural fluctuation of the system or a
component of a long-term trend. Secondly, information on variability will allow water
managers to identify solutions to the common problems faced by all users in Upper
Sabino Creek Basin as the result of climatic or hydrologic variations. Finally, an
understanding of variabiiity resulting from ENSO will allow water management agencies
to better predict the amount of precipitation the basin will receive several months in

advance.
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Variability within Upper Sabino Creek Basin

One of the most widely used descriptors of variability is the coefficient of
variation (CV). Itis thé ratio of the standard deviation tq the absolute value of the mean,
and provides a scale-independent measure of variability for the process of interest. The
formula is:

cv="2

2 (15)

where © is the standard deviation and p is the mean.

This-chapter-diseusses-the-variability-of-those hydrologicprocesses forwhich

independent data exist (temperature, precipitation, snowfall, streamflow, and
consumptive use) rather than those that are estimated from these data (snowmelt and
evapo-transpiration). Recon-structed streamflow and estimated temperature data are not
included, since they are based on measurements observed outside of Upper Sabino Creek
Basin. |

Temperature. Temperature records from the Catalina Mountains vary from year
to year, but show no discernable long-term trends (though this may be due to the absence
of a long-term temperature record at any one location). Figure 6.1 is a plot of the CV for
each month for each site -with temperature data listed in Table 2.1. The greatest CVs are
found during the months of November and December. Ski Valley exhibits the greatest
range (0.02 to 0.28) and Mt. i;cmmon School has the smallest range of values. Ski Valley

has the lowest CV (0.13).
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¥igure 6.1, Coefficient of variation in average monthly temperatures
Precipitation. Coefficients of variation for the total monthly rainfall at each
station range from 0.7 at the Mt. Lemmon School in August to 20.97 at ALERT station
2150 in June. ALERT station 2150 also exhibits the greatest variability over the course
of a year. Precipitation recorded at Mt. Lemmon School exhibits the least variation, with

N A ¥

. arange of 8.82 between the minimum and maximum CVs. Figure 6.2 is a plot of

monthly CV for each station and the mean rainfall for all stations.
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CV is inversely proportional to precipitation: as mean precipitation-increases—variatief— —————

decreases. As Figure 6.2 shows, the months with the highest CVs (April, May, June)
receive the least amount of rain. The variability of precipitation has implications for
water management in upper Sabino Creek basin. High variability is not a significant
concern in April since the majority of water in the basin during this month comes from
snowmelt rather than rainfall. However, low rainfall in the months of May and June is
important. All of tﬁe snow is generally melted, and precipitation does not significantly
increase until July. Water collected in May and June often serves as the basis for summer
supplies. With such high variability, water managers must take every opportunity to
conserve water during these months.

Figure 6.3 is a plot of total basin precipitation for the period of record. The 1950's
drought can be seen as an area of lower peaks while the high precipitation of the late
1980's is visible as well. Although individual stations report more rain during the
summer months, Figure 6.3 shows that basin precipitation is generally higher in the later
months of the year. This is due to the different types of precipitation events. Summer
precipitation is generally isolated, and while an individual station may record significant
rainfall, it is not necessarily evenly distributed throughout the basin. In contrast, winter
rains, while lower in magnitude, are more widespread, and will therefore contribute more
water overall to tﬁe basin. There is no discernible long-term trend: precipitation is the

most variable hydrologic process in upper Sabino Creek basin.
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Figure 6.3, Total basin precipitation

Snowfall. In their study of snow in the Madrean province, Ffolliott et. al. (1996)
noted that snow data “rarely approached the long-term average; a few values were
indicative of extreme highs, and a relatively large number of values were below the long-
term average.” This is clearly represented in the snowfall record for upper Sabino Creek

basin. Figure 6.4 shows the monthly CV for each station recording snowfall.
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temperatures undergo the greatest fluctuation and the data record is sparse. CVs are

lower during the colder months when snow is more frequent. The CV for monthly
snowfall is the lowest in the month of March at Ski Valley. Palisades Ranger Station
exhibits the greatest variability, while the data from Mt. Lemmon School are the most
consistent.

Streamflow. Flow in Sabino Creek is dominated by snowmelt in the spring and
precipitation during the remainder of the year. Though moderated somewhat by soil and
groundwater storage, variability in these two input processes is reflected in stream
discharge. Figure 6.5 is a plot of the monthly CV for Sabino Creek at Marshall Gulch.
These data include —reconstructed streamflow values determined using the process
described in Chapter 4.

CV does not correspond well with discharge for the majority of the year. In the
spring, when discharges are the greatest, CVs are close to 1, indicating that. the variability
is approximately equivalent to the mean flow._The summer (May.- August) is.the.only..— - __._
time when there is a good relationship between CV and discharge. This may be due to
the lack of rain at this time of the year that would tend to eliminate extreme flow events.
Indeed, as the monsoon season develops (July - September), both discharge and CV
increase. The high CVs for the remainder of the year (September - December) may

reflect both historical extreme flow events and the greater variability of precipitation.
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Figure 6.5. Monthly CV for streamflow

Plots of summer and winter cumulative daily diséharge at Marshall Guich are
shown in Figure 6.6. The different shapes of the two curves indicate that different
processes contro] streamﬂow during the year. In the summer, Sabino Creek reaches half
of its cumulative discharge very quickly before leveling off for approximately one month.
The latter portion of the summer is also a time of rapid rise, and may represent monsoon
precipitation. The rise in cumulative winter discharge is much more uniform after the

first month, and reflects winter precipitation and snowmelt.



90

1.0

o
©

o
o

o
B

Normalized cumulative discharge

<
(¥

1

0.0 1 ] 1 1 1 1 I 1 1
Apr May Jun Jul Aug Sept Oct Nov Dec Jan Feb Mar Apr

Figure 6.6, Cumulative mean discharge distribution
For the summer months, the standard deviation is less tHan the mean. For the
winter months, the standard deviation is greater than the mean. This is likely due to the
different mechanisms responsible for streamflow. Winter streamflow results from
snowmelt and winter precipitation, neither of which is generally an extreme hydrologic
process. In contrast, summer precipitation is derived from isolated monsoon storms,

which are very short in duration but produce large quantities of rainfall.
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Eigure-6-7-is-a-plot-of-discharse-forthe-period=ofrecard=The-mfluencesf
abnormally high streamflows in October of 1983 and January of 1993 is quite apparent.
The central portion of the graph (1974 — 1982) where the discharge is equal from year to
year reflects the use of mean monthly discharge values, as no discharge was recorded at

either the Marshall Gulch or Sabino Canyon gaging stations.
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Figure 6.7, Monthly discharge, Sabino Creek at Marshall Gulch

Consumptive Use. The coefficient of variability in the domestic use of water is
approximately 1.8 during the months of May and October (when the storégc tanks are re-
filled) and less than one between June and September (the months of greatest use). The
period of record for groundwater pumping from the U.S. Forest Service well i.n Upper
Sabino Canyon is only for 19 discontinuous months in a three-year period. This is not a

long enough time period from which to derive meaningful values for variability.
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The EI Nifio Southern Oscillation (ENSO) phenomenon has been described by
many researchers (Rasmusson and Carpenter, 1982; Cane, 1983; Rasmusson, 1984;
Ramage, 1986) and is cﬁrrently the subject of on-going research. El Nifio is the term
given to a periodic warming of the eastern Pacific often noticed in late December. It
results in near-surface ocean témperatures several degrees above their climatic average.
Its counterpart, La Nifia, is an abnormal cooling of the same waters. Its effect on the
climate of the Southwest has been well-documented (Andrade and Sellars, 1988;.
Redmond and Koch, 1991; Webb and Betancourt, 1992). This section examines the
relationship between ENSO and rainfall, snowmelt, and runoff in Upper Sabino Creek
Basin.

The ENSO phenomenon is quantified by the June-November Southern Oscillation
Index (SOI). The SOI is defined as the “standardized monthly seal level pressure

departure from average at Tahiti minus the standardized monthly departure at Darwin,

~Australia’’ (Redmond and Koch, 1991)._A negative SOl value indicates a. weak pressure___ ____ _

gradient between the eastern South Pacific and Indonesia: El Nifio. A reverse in the
pressure gradient (positive SOI values) indicates La Nifia conditions. Values between
-0.5 and 0.5 are considered to be neutral, and indiciatve of neither El Nifio nor La Nifia.

Figure 6.8 is a plot of the SOI for the time period 1950 - 1997.
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Figure 6.8, Southern Oscillation Index, 1950-1997
For the time period covered by this thesis (1950-1997), there are 10 El Nifio years, 15 La
Niiia years, and 23 neutral years.

ENSO is a time-lagged phenomenon (Redmond and Koch, 1991). Its effects may
not be apparent until the following winter or summer. In order to determine the effect of
ENSO upon the hydrologic processes operating in upper Sabino Creek basin,
comparisons were made between the water budget compdnents of precipitation,
snowmelt, and discharge for El Nifio, La Nifia, and neutral winters.

Precipitation. Monthly basin precipitation totals (rainfall and snowfall) were
calculated for the winters following El Nifio, La Nifia, and neutral summers. Figure 6.9

shows the difference in mean monthly precipitation to Upper Sabino Creek basin.
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Figure 6.9, Mean monthly precipitation for El Nifio, neutral, and La Nifia winters
The months féllowing strong El Nifio events have significantly more precipitation than
neutral years or La Nifia years. Additionally, El Nifio winters show an increase in
December precipitation that is reversed for Decembers following strong La Nifia years.

Figure 6.10 shows the total winter precipitation for all years plotted against the
SOI value for the preceding summer. El Nifio winters exhibit the hi ghest mean
precipitation (3,317 ac-ft), and also have a high standard deviation (1,573 ac-ft). In
neutral winters, the mean precipitation drops approximately 1,000 ac-ft to 2,524 ac-ft, but
the standard deviation is within 98% of El Nifio winters. La Nifia winters have both the
lowest mean precipitation (2,056 ac-ft) and the lowest standard deviation (970 ac-ft).
There is a decreasing trend with increasing SOI, both within each category and among the

data set as a whole.
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Figure 6.10, Southern Oscillation Index and October — March precipitation

Streamflow. The same approach was used to compare streamflow. The data

used for this analysis included both recorded and reconstructed data. Mean monthly

discharge data for the months following various SOI summers are plotted in Figure 6.11.

The difference between El Nifio and La Nifia years is most apparent between December

and March. El Nifio discharge is approximately three times greater than neutral years,

and La Nifia discharge is generally less than one quarter of that in neutral years.

Figure 6.12 shows the variability in winter streamflow against SOI. Like

precipitation, the mean and standard deviation are highest for El Nifio years (1,287 ac-ft

and 993 ac-ft, respectively). In neutral years, the mean is approximately 2/3 lower than El

Nifio years (798 ac-ft) and the standard deviation is actually higher than the mean. La
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Nifia years exhibit approximately 1/3 of El Nifio years, in both-mean-discharse-and

standard deviation.
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Figure 6.11, Mean monthly streamflow for El Nifio, neutral, and La Nifia winters
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CHAPTER=

CONCLUSIONS AND RECOMMENDATIONS

Conclusions

Two hydrologic processes dominate the hydrology of Upper Sabino Creek Basin:
precipitation and evapotranspiration. Together, these two processes account for
approximately 56% of the mean monthly mass entering or leaving the basin.
Groundwater recharge and soil moisture storage account for 19%. Streamflow, while
important for aesthetic and regulatory reasons, is a relatively minor component of the
hydrology of the basin at 9% of the mean monthly mass flux. Snowfall and snowmelt
each account for 9%, and the remaining processes account for less than 1%of the mean
monthly mass flux. Consumptive use is negated by recharge to the basin through septic
systems and domestic use. More data must be collected to better understand the annual
water cycle in the study area and the implications for mountain-front recharge to the
Tucson Basin.

The variability of the process operating within upper Sabino Creek basin (as
measured by CV) is the greatest for precipitation and the least for temperature.
Streamflow is less variable than precipitation, but the standard deviation can be up to five
times the mean value. The high variability of these processes makes an understanding of
their operation especially important for water managers.

One approach towards understanding this variability is an examination of ENSO

data. Using readily available data, water managers can make qualitative assumptions
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will be an invaluable tool that can be used to prepare for times of drought.

Recommendations

Measurements and Data Collection Many of the calculations in this study are

based on estimated values, as there are insufficient data on many hydrolc;gic processes in
the study site. In order to create a more realistic water budget for Upper Sabino Creek
basin, more data must be collected. In particular, future work on the water budget of
Upper Sabino Creek basin should include efforts to better quantify soil moisture and
groundwater fluxes. At present, there are no recent soil moisture data available. Sojl
moisture should be regularly monitored at various elevations, slope aspects, and soil types
on a long-term basis.

Information on groundwater conditions, aquifer extent, and hydrogeologic
properties is very limited. Without more details on the hydraulic properties of the

bedrock, it is difficult to estimate groundwater storage or the potential for mountain-front

—......recharge._While.it. would.not be cost-effective to conduct-a 1 arge-scale-drillingprogram~—-————=

for the sole purpose of defining aquifer properties; the installation of several piezometers
in different geologic units could help determine hydraulic properties and groundwater
fluxes. Additionally, data from future drilling projects will be very helpful to future
researchers studying upper Sabino Creek basin.

There is also limited information on groundwater-surface water interactions. The

installation of a series of piezometers in the alluvium of Sabino Creek would allow one to
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better guantifv the ninderflow (‘nmpnnpnf of the water hnr{g —Reouls

discharge of Sabino Creek at multiple sites in the study area will indicate areas of stream
gain or loss. Continuous discharge measurement of Sabino Creek at Marshall Gulch must
be maintained so that discharge may be more accurately described. The flow rate of
springs should be consistently measured and recorded.

Water Management Demands on Sabino Creek could be reduced through water

conservation measures plus the construction of storage facilities. The amount of water
used by both the M.L.W.C. and the U.S.F.S. from June through November is
approximately 3.1 million gallons (9.66 acre-feet). The existing storage capacity is
approximately 900,000 gallons. The development of an additional 2.2 million gallons of
storage capacity (for a total of 3.1 million gallons) would allow the M.L.W.C. and the
U.S.F.S. to meet their demands without drawing water from springs that feed Sabino
Creek. The flow of Sabino Creek would be unimpeded by domestic consumption during
the months of the year when its natural flow is the lowest.

The M.L.W.C. and Forest Service also need to resolve issues related to in-stream
flow on Sabino Creek. The current application (filed by the Forest Service) seeks the
right of 0.9 cfs at Marshall Gulch (or the natural flow, whichever is greater). Discharges
of 0.9 cfs or greater have only been measured for 35% of dates on record (see Figure 2.9,
flow exceedence chart) and the adoption of 0.9 cfs could initiate a situation where the
M.L.W.C. was unable to meet customer demands for water. While the enhancement of

storage capacity would help minimize the impact of this situation, lowering the in-stream
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_flow rate to a more frequently observed value should also he evaluated_ A rate of 0.1 cfs

or higher is observed 75% of the time; 0.2 cfs or higher is observed approximately 50%
of the time.

Another issue between the M.L.W.C. and the U.S. Forest Service is the operation
of the Forest Service’s well situated approximately 40 feet from Sabino Creek. Water
pumped from this well is used to supply Forest Service water needs at Palisades and other
locations in the Santa Catalina Ranger District. If it returns to Sabino Creek at all, it does

so below the Marshall Gulch gaging station. While the overall impact of this well on the

fydroiogy of the basin is minimal; during a drought, pumping could diminish the flow of
the M.L.W.C.’s springs. It is likely that the well has some impact on creek flow due to its
proximity, but at present there are not enough data available to qpantitativcly estimate the
effects of pumping. Increased pumping in dry periods could deplete the flow of Sabino
Creek making it more difficult for the M.L.W.C. to meet its supply needs if the proposed
in-stream flow right is approved.

More data collection is needed to better understand the variability present in the
natural processes operating in upper Sabino Creek Basin. The information presented here
wili hopefully provide a comprehensive view of the hydrology of upper Sabino Creek and

allow decision-makers to have a basis for their policy.
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Inputs, ac-ft Outputs, ac-ft AS
Precipitation
Tear Moith Snowmelt | Runoff ET Total Snowpack | Soil/GW A factor
Rainfall | Snowfall
1992 1 203.84 615.52 615.52 240.14 | 15935 | 418.67 0.00 418.67 0.640
1992] 2 978.75 14.37 14.37 686.90 | 241.00 64.02 0.00 64.02 0.682
19921 3 1118.80 0.00 0.00 42296 | 428.89 | 265.75 0.00 265.75 0.766
19921 4 193.89 0.00 0.00 21821 | 713.68 | -739.19 0.00 -739.19 0.871
19921 5 828.69 0.00 0.00 66.00 | 984.02 | -222.54 0.00 -222.54 0.956
19921 6 13.87 0.00 0.00 1541 ]1093.16| -1095.89 0.00 -1095.89 0.988
1992 7 642.49 0.00 0.00 11.36 | 902,90 | -272.98 0.00 -272.98 0.932
1992 8 122573 0.00 0.00 4798 | 698.86 | 477.69 0.00 477.69 0.866
19921 9 277.50 0.00 0.00 10.79 | 44940 | -183.89 0.00 -183.89 0.774
19921 10 167.38 0.00 0.00 139 :32040°]- -161.81 0.00 -161.81 0.720
19921 11 11.97 48.98 48.98 8.52 184.71 | -133.48 0.00 -133.48 0.654
1992 12 612.57 1690.47 1690.47 | 598.01 | 120.19 | 1583.64 0.00 1583.64 0.618
1993 1 1532.03 | 750.68 750.68 | 2261.52 | 118.73 | -98.74 0.00 -98.74 0.460
1993} .. 2 576.53 133.05 133.05 585.26 | 138.43 | -15.32 0.00 -15.32 0.443
1993] 3 202.71 0.00 0.00 44545 | 209.19 | -453.12 0.00 -453.12 0.361
19931 4 0.00 0.00 0.00 288.00 | 234.61 | -523.81 0.00 -523.81 0.291
1993 5 83.29 0.00 0.00 45.58 | 22373 | -187.22 0.00 -187.22 0.208
1993 6 4.14 0.00 0.00 527 217.74 | -220.07 0.00 -220.07 0.194
19931 7 148.47 0.00 0.00 0.16 23459 | -96.47 0.00 -96.47 0.248
19931 8 773.55 0.00 0.00 21.43 | 235.07 | 515.85 0.00 515.85 0.288
19931 9 171.10 0.00 0.00 2.65 21142 | -44.16 0.00 -44.16 0357
1993} - ‘10 474.20 68.27 68.27 11.47 | 173.19 | 356.61 0.00 356.61 0.409
1993} 11 214.05 605.78 605.78 40.94 | 12046 | 657.23 0.00 657.23 0.458
19931 12 32.56 183.72 183.72 8.54 97.30 109.24 0.00 109.24 0.476




Inputs, ac-ft

Outputs, ac-ft

AS

Precipitation
i vl & | Snowmelt | Runoff ET Total |Snowpack| Soil/lGW _m,ﬁ factor
Rainfall | Snowfall
1994 1 39.55 45.77 45.77 24.83 :"wo._m -109.90 0.00 -109.90 0.602
1994 2 658.45 322 22 98.40 mem.om 358.12 0.00 358.12 0.614
1994] 3 619.59 0.00 0.00 133.21 1 3717.15 108.03 0.00 108.03 0.665
1994 4 66.68 0.00 0.00 42.10 | 608.71 | -585.33 0.00 -585.33 0.726
1994 © 5 141.01 0.00 0.00 ~19.33 827.44 | -706.97 0.00 -706.97 0.776
1994] 6 125.70 0.00 0.00 2.58 o#m.m_ -824.29 0.00 -824.29 0.802
1994 7 411.16 0.00 0.00 0.00 768.19 | -358.23 0.00 -358.23 0.763
1994 8 711539 0.00 0.00 - 3.63 604.49 102.05 0.00 102.05 0.725
19941 9 636.42 0.00 0.00 83.81 401.97 149.44 0.00 149.44 0.672
19941 10 138.88 80.93 80.93 19.80 &N.mw -713.72 0.00 -73.72 0.635
1994 11 1145.62 122.63 122.63 213.87 | 15496 | 898.22 0.00 898.22 0.597
1994 12 1011.88 508.07 508.07 345.86 | 130.33 | 1042.57 0.00 1042.57 0.588
1995 1 783.49 463.68 463.68 520.31 | 11838 | 607.28 0.00 607.28 0.463
1995 2 1044.55 16.61 16.61 989.61 | 14495 -74.60 0.00 -74.60 0.442
1995 3 441.14 0.00 0.00 362.51 mq_m.qm -128.33 0.00 -128.33 0.378
1995 4 160.96 0.00 0.00 53791 . 239.23 | <133.26 0.00 -133.26 0:312
1995 ] 85.75 0.00 0.00 26.88 | 241.25 | -183.57 0.00 -183.57 0.235
1995 6 20.52 0.00 0.00 373 231.21 | -217.62 0.00 -217.62 0.205
1995 7 381.54 0.00 0.00 1837 | 248.64 | 118.34 0.00 118.34 0.247
19951 -8 1045.28 0.00 0.00 447.64 | 241.72 | 354.72 0.00 354.72 0.302
1995 9 271744 0.00 0.00 317.70 | 218.65 | -260.11 0.00 -260.11 0.358
19951 10 35.75 1.82 1.82 18,37 180.03 | -162.03 0.00 -162.03 0.409
1995( 11 42,72 223.98 223.98 1837 126.34 120.79 0.00 120.79 0.457
1995 12 53.77 30.87 30.87 18.37 106.68 -41.61 0.00 -41.61 0.472
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Italics indicate estimated values. Estimation methods given below:

Precipitation: Mean monthly values

Streamflow: (1) Estimated from lower gage data, if available.
(2) Mean monthly value used




Appendix W

Engineering and Environmental Consultants, Inc.



Summer Haven http://www.architecture.arizona.edw/landscape/tejido/summer_haven.htm

SUMMERHAVEN VILLAGE

Following the catastrophic fire on Mt. Lemmon, the Govemor's office requested that the Tejido Group participate in the
reconstruction process. The following redevelopment master plan for the village of Summer Haven on Mt. Lemmon,
represents a collaborative design and planning effort among citizens and governmental agencies in Pima County, the
American Institute of Architects, the school of Landscape Architecture and the Tejido Group / University of Arizona
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wases | Martian rover’s reports cease
21
., .
less radio noise or simple beeps ac- [t rom Earth by beaming patches across
st posttive NASA baffled as it tries to diagnose, fix — |oeisden it asreceivad commcite o tian 100 ilion 1l of roce o
from Earth. by rebooting the rover's ecnmputer. But
- ‘very serious anomaly’ affecting Spirit We bow ke v have had a vecy s e poiega s wih e rovee’ hare
|I' I' ]_es rious anomaly on the vehicle,” project  ware, the sitnation would be far more
manager Pete Thelsinger sald at the No-  grave — perhaps bevond repair,
By Andrew Bridges brought the mission to a potentially tional Aeronautics and Space Adminis- “Yes, something could break; some-
By Mitch Tobin THE ASSOCIATED FRESS calamitous halt. tration’s Jet Propulsion Laboratory, ~ thing certainly could fail,” Theisinger
ARIZCNA DALY STAR PASADERNA, Calif. — NASA's Splm NASA recelved its last significant Engineers struggled to diagnose said. "That's a concern we have. That's
¢ rabies virus has been de- rover has stopped data from the Spirit early whatwas wrong with the rover. Among  quite a serious event.”
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s of Toxes attacking people
e canyon within the past
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[rom Mars in an omineus turn lh-nbat—
fled engineers and sent them scram-

bling Thursday to figure out what

Wednesday, Its 19th day on the surface
of Mars. Since then, the six-wheeled ve-
hicle has sent either random, meaning-

the possible causes: & corruptlon of Its
software or computer memory.
If the software 18 awry, NASA can fix
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New Summerhaven begins to take shape

ct from the ashes of the Aspen Fire envisions
manside\\nﬂmxgmdu.mmpnrktngsmu abig
ger nnﬂ better lodge, an upscale restaurant, even
condos and an aerial tram from the valley

b o B S h roration vlan B Fom el
Falls wallend i Boar ummer aven restora.tmn plan ... L -
The

old of pant legs, but in nef-
;smpiﬂdﬁh:tabr:k The redevelopment |

]
. T both cases, the foxes i
1 plan for the northern |

@a"‘.

to the rabid animals’ saliva. portion of ' fcorto Mount Lemumon's summi.
.!]lirl1 z'li’t‘ilzmthis ratsi.eus“:uht‘- ;\— Entrance Summerhaven's lt s not pieinthesky, says Mark Fmderb.vksm
Lt poali T Hiet £ ban: commercial area
pants, . , and maybe more Tumaround  adds @ new lodge, stl.u{y The trick Is balancing the conflicting el
antial footwear,” Tatz said. restaurant and | and wants of cabin owners, busingss ovners and
Wt ossible. T hi Sharilf community center ,wownwhycummm who also claim the moun-
e bies if infe mﬂcl; * ty ] s tain as their own.
niract ram L i ccu;ﬁ and adds pedestrian = | Most of the mountain's
‘1::1.’:53 12 Giract ot Cential  walkways and | Plantng || pypedout business owners,
; ?, s pridges over Sahmo | || theseeds || meanuhile, are making plans to
| Re ofanew come back, with or without the
-onaﬂu National Forest of- 7— Restawrant - Creek. Sorest e depicied bn tho St
:c?lrinlmah gﬂv:-smtn:: ‘ Logge PAGEA9 || merhaven Restoration Plan pro-
drop-off .Summerhaven duced by the Tejido Group of the
SEERABIES | A9 3 = Umm:s:ty of .A.nmms Schoal
D Cabirs & Coolies of Landscape Are th loeal
Lodga E M. Lemmon Reaty architects, county pln.nnenand the Mount Lemmon
beem o El Wt Lemmon Cafe Rstmtinn Commitiea.
TODAY'S STAR O Mt Lemmon General Store The only exception so far Is Alpine Lodge owner
= © Summertaven Coffes House Do Diderhil, ho has decided 5ot fo rebuld. Fe
NA & THE WEST AS (@M. Lemmon Suites and Fire Gifts didn’'t own the Jand beneath his Jodge, and it's identi-
E E7 © Summit Realty fied on the plan as a bar and restaurant.
T il Phil ard Carol Mack, whose Mount Lemmon Gen-
o Y eral Store and Gift Shop burned to its foundations in
s 0000 B Alpine Lodge June, are the first, and so far the only, business toob-
ABBY B DLiving Rainbow ww tain a building permit, The new foundation Is In, the
RIALS BT walls are going up and Phil Mack says they1l be open
SCOPE E7 ‘901.',5 i SEE REBUILDING | AS
RY A % E H
5 CALENTE, 5% [y, |
[MORS ] i i “~ O
ARIES Bi | \ \ \
CRECORDS B [ %
ES CLASSIFIED 2 i
5 Tie J I}uﬂuynd
SION E7 i | I sun mmnng
| E‘mt Hil '
Weather | Ty
TODAY'S FORECAST ‘ i 1
High ao“?guo ; 1 i Marshall Gulch e
: | l Pienic Area ||| Winter on Mount Lanmm,qpp.!.‘mﬂmfnrswn-
m&,—.a@S&/Lp\u& ; e e X | merh rmits are expected to pick up
%‘f—;;ms;&" SOURCE: Univarsity of Aizona School of Landscape Architecture / Ths Tejido Group Saff onumelkmuquu has passed.
ww.azsIemel.com/woather
On StarNet

wawaen | Months past deadline, Senate anproves spending bill

iof 8 6/4/2007 7:08 AM



Summer Haven

1of 8

REBUILDING
County has issued
18 Surnmerhaven
building permits

Continued from Page Al

by June. In addition to groceries
and gifts, the Macks intend to
offer takeout food until some-
body rebuilds a restaurant or cof-
fee shop.

Mack said his wife, Carol, has
been helping builder Dennis
Cozzetti, working on weekends
and through Wednesday’s snow
to stay on schedule. They had to
stop Thursday when heavy snow
began piling up atop the moun-
tain.

. Mack and other mountaintop
merchants said they’'d welcome
additional investment in Sum-
merhaven, but question whether
the irregular stream of customers
can sustain more business. “1 like
the plan. I'd like to really think
they can do it and it's gonna
work, but I don’t think there are
enough investors out there will-
ing to take a chance,” Mack said.

Public meeting planned Feb. 18

So far, the county has issued 18
building permits, with the Macks
being the only commercial one.
Things are expected to pick up in
the spring after the threat of fur-
ther snow has passed.

The restoration plan proposed
by the Tejido Group is a long
range one, intended as a docu-
ment that land owners can use te
seek funding for development. A
large portion of the land identi-
fied for development is owned by
one man, Bob Zimmerman,
whose father, Tony, was a pio-
neer Summerhaven business-
man.

Zimmerman worked with the
group that developed the plan. He
couldn't be reached Thursday.
Friends said he was busy all day
with his snowplow.

A public meeting about the

http://www.architecture.arizona.edu/landscape/tejido/summer_haven.htm

plan is tentatively scheduled for
Feb. 18.

Frederickson said his students
received a good education in
building community consensus
in a series of meetings with inter-
ested parties. “It's certainly a con-
tentious project in a lot of ways.
You have to walk that line be-
tween homeowners and business
owners and 750,000 people who
live an hour away and also have
an interest. Those three groups
all say different things.”

But Frederickson said the
group’s research found little dis-
agreement on the business poten-
tial of the mountain. “This is
based on an awful lot of case stud-
ies, analysis and interviews with
developers. Some of the biggest
developers in the western United
States took a look at this area and
they couldn't believe its poten-
tial,” he said.

Pima County, whose roads and
right-of-way atop the mountain
are a big piece of the redevelop-
ment puzzle, is so far backing the
proposal. The Board of Supervi-
sors included an additional $1
million in the proposed Parks
and Recreation bond package for
its community building at Mount
Lemmon. It had already set aside
81.3 million for a shuttle stop,
which could also be used. In addi-
tion, the wastewater bond pack-
age identifies $7.2 million for ad-
ditions and improvements. to
Summerhaven's sewer plant.

John Jones, former city and
county planner, was hired by
County Administrator Chuck
Huckelberry to work with the
aroups that developed the plan.

Huckelberry said the plans for
Summerhaven are realistic. "It
fits the scale,” he said.

And he said the village needs to
expand its public facilities. "It's
not just the exclusive domain of
Summerhaven residents,” he
said. “There is only one Mount
Lemmon and it's easily accessi-
ble by an improved road. The
recreation demands will grow,
probably much faster than they
have in the past.”

Residents, meanwhile, worry

“I like the plan. I'd
like to really think
they can do it and
it’s gonna work, but
Idon't think there
are enough investors
out there willing to
take a chance.”

Phil Mack
owner of Mount Lemmon
General Store and Gift Shop,
which burned down in June

that an expanded business dis-
trict threatens the tranquillity
they drive up to enjoy.

“We want to support the busi-
nesspeople, but want to do it in
such a way that is in harmony
with tranguillity, peace and qui-
et,” said Spencer Block, who
owns the Buffalo Exchange cloth-
ing stores and lost a cabin in fthe
Aspen Fire.

Ross Quigley, president of the
Mount Lemmon Homeowners
Association, called the plan “a lit-
tle grandiose” but said, “We have
to start someplace and this is a
good starting point.” He thinks
developers will “jump at the
chance with one factor: This road
has to be completed.”

Roadwork getting in the way

Widening-of the Catalina High-
way to Mount Lemmon has been
under way since 1988, with road
closures and restrictions making
it tough to stick to business plans,
Quigley said.

“If they quit messing with the
road, sure it's all feasible,” said
Debbie Fagan, whose gift shop
survived 25 years of sporadic cus-
tomer flow. She said officials
close the only access to her busi-
ness “for construction, for acei-
dents, for movies, if they think
it's going to snow, if it floods.”

Fagan is working with an ar-
chitect to design a new building

for her Living Rainbow gift shop
and hopes to break ground by
April.

The biggest cause of road clo-
sure the past couple years has
been fire, first the Bullock, which
burned 30,563 acres in 2002, and
the Aspen Fire, which consumed
84750 acres and most of the
homes and businesses in Sum-
merhaven last June.

And fire, said Supervisor Ray
Carroll, who represents the area,
is still the community's biggest
threat. The forest that hasn't
burned is still dry and bug-infest-
ed, he said, and the Forest Ser-
vice has still done little to thin it.
“] hope that before any of this
great investment occurs we can
go in and thin and try to protect
that east flank of the town from a
potentially devastating fire.”

Carroll said he has supported
the effort to replan Summer-
haven. He expects it will change
considerably “once it goes in
front of the entire community to
getareview.”

“I don’t think it's going to be a
La Quinta and a Denny's, but it’s
certainly attractive to businesses
that do resort communities,” he
said.

Don't expect anything to hap-
pei overnight, said Frederick-
son. “This is just a source of in-
spiration and a possibility that
you can set before potential in-
vestors and government agencies
to entice them.”

Phase One of the proposal sim-
ply calls for revegetating the
mountain, highlighting Sabino
Creek as a grasslined stream
with wildflowers and creekside
groves of native aspen and maple.
It currently runs through the vil-
lage as a nondescript ditch.

Phase Two calls for conshrue-
tion of the county's community
buildings and reconstruction of a
lodge that would “recall the ele-
gance and genuine qualities” of
the Ponderosa Lodge, which
burned down in 1970.

D Contact reporter Tom Beal at
575-4158 or
tombeal@azstarnet.com.
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A ‘little grandiose’

he architecture students” plans

for restoring Summerhaven

may be “alittle grandiose,” as

they were described by Ross

" Quigley, president of the

Mount Lemmon Homeowners
Association. They envision a larger, more
splendid, more vibrant business communi-
ty near the top of the 9,100-foot mountain
than the small community ever has been
able to sustain.

Even so, mountain residents and busi-
ness owners, as well as residents from near-
by Tucson, owe thanks to the Tejido Group
of the UA’s School of Landscape Architec-
ture, as well as the planners, architects and
business people who worked with them.
They have created a plan that suggests
great potential for the burned-out village, as
business and cabin owners work to redevel-
op the mountain-top area devastated by the
Aspen Fire.

Their plans include streamside walking
paths, more parking, a larger lodge, an up-
scale restaurant and time-share condos.

To be sure, the obstacles facing the busi-
ness owners in Summerhaven are large, as
was made clear in a news story Friday by
the Star’s Toim Beal.

There is only one road up the mountain.
It is a beautiful drive, but it also is relative-
ly slow-moving because it sometimes is nar-
row and curvy. Moreover, it is closed sever-
al times during the year because of weather
or, unfortunately, fire. Those closures dry
up the stream of customers for Summer-
haven businesses, making their stream of
revenue (and profits) more variable and un-
predictable.

That makes it harder for the businesses
to survive, of course, but not so obviously, it
also makes it harder for business owners to
raise the capital they need to rebuild or ex-

slow it down and make the drive less pleas-
ant for Tucsonans looking for a day or
weekend getaway. Widening of the road has
been under way for nearly 16 years now,
which frustrates some residents and busi-
ness owners. Says businesswoman Debbie
Fagan, “If they quit messing with the road,
sure it’s all feasible.”

Then there is the necessity to balance the
needs of the business community with the
wonderful out-door environment that at-
tracts visitors to the top of the mountain in
the first place. Too little commercial devel-
opment, and the area never will develop the
critical mass necessary to make it an attrac-
tive dining, lodging or shopping destina-
tion.

On that front, the good news for the busi-
ness community is that the students’ re-
search found little disagreement on the
mountain’s business potential. Says Mark
Frederickson, whose students created the
plan, “This is based on an awful lot of case
studies, analysis and interviews with devel-
opers. Some of the biggest developers in the
western United States took a look at the
area and they couldn’t believe its poten-
tial.”

However, that business potential must be
balanced with recreational needs. Too
much or too gaudy of commercial develop-
ment easily could threaten the tranquility
and outdoor experience for visitors.

And then, as County Administrator
Chuck Huckelberry notes, the public facili-
ties need to be improved, especially because
recreation use is expected to grow.

The next step is a public meeting on the
plan, tentatively scheduled for Feb. 18.

Undoubtedly, there will be aspects of the

 plan that should be changed. But as home-

owners association president Quigley said,
“We have to start someplace and this isa
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SWAIM ASSOCIATES LTD
ARCHITECTS AIA

7350 East Speedway Blvd., Suite 210
Tucson, Arizana 85710
(520) 326-3700 Fax (520) 326-1148

design portfolio

[ Mount Lemmon, Summerhaven Master Plan Committee | Vail High School Site
Selection Concept Design | Community of Hope Master Plan | Highland District
Master Plan | Davis Monthan Dorm Study | El Pueblo Neighborhood Center |
Pueblo High School Master Plan Improvements ]

mount lemmon, summerhaven master plan committee

Contact : Phil Swaim, Ed Marley

AlA Southern Arizona chapter president, Ed Marley, assembled a committee of AIA members to
develop a master plan and design guidelines for the Summerhaven commercial district. This effort
was funded by a $10,000 grant obtained by the AIA from Pima County. Drawing on the talents of
fellow architects, landscape architects, and planners, committee chair, Phil Swaim, AlA, facilitated a
series of planning workshops open to anyone in the community. The final plan has been provided to

Pima County for implementation.
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PIMA COUNTY

WASTEWATER

MANAGEMENT
201 N. Stone Ave.
Tucson, AZ 85701

Mt. Lemmon Watershed
Study and Wastewater
Management Plan

Charles “Matt”
Matthewson
Project Manager
(520) 740-6559
charles.matthewson@
wwm.pima.gov

Laura Fairbanks
Community Relations
(520) 740-6532
laura.fairbanks@
wwm.pima.gov

Angie Brown
Community Relations
(520) 327-6077
angie@
gordleydesign.com

NEWS RELEASE

Date: Jan. 29, 2007

Workshop for Mt. Lemmon Watershed Study and
Wastewater Management Plan

Pima County’s Wastewater Management Department is leading a project, in
partnership with the County Department of Environmental Quality and the U.S.
Forest Service, to develop the Mt. Lemmon Service Area Watershed Study and
Wastewater Management Plan. As part of the initial effort to collect data and
develop management strategies, the project team is seeking community input

through a public workshop.

Date/Time: Feb. 10, 2007, 9 a.m. to 12 p.m.
Location: Real Life Christian Fellowship, 3353 N. Houghton Road,
Tucson, Ariz.

The public is invited to learn about the project area and history, and to provide
input that will help shape the future of wastewater management on the
mountain, particularly in the Summerhaven community. The purpose of the
workshop is to involve community stakeholders in prioritizing public-interest
factors and developing management options regarding wastewater system
issues and activities on Mt. Lemmon. Wastewater Management projects on Mt.
Lemmon will be paid for in part with 2004 sewer revenue bonds.

Once completed, the study will 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. The
plan will include the nature and sequence of all capital projects recommended
for the Mt. Lemmon wastewater conveyance, treatment and discharge systems.
Pima County Wastewater Management Department will hold a public meeting
to review the study’s findings and recommendations in the spring of 2007.

The public is encouraged to RSVP by contacting Angie Brown at

angie@gordleydesign.com or (520) 327-6077.
HHH



Pima County Wastewater Management

&

723 Mt. Lemmon Service Area
Watershed Study and
Wastewater Management Plan

Pima County’s Wastewater
Management Department is E.Snyder Road
leading a project, in partnership
with the County Department of
Environmental Quality and the
U.S. Forest Service, to develop
the Mt. Lemmon Service Area
Watershed Study and
Wastewater Management Plan.
As part of the initial effort to & B Bririce Road
collect data and develop man-
agement strategies, the project
team is seeking community 7% Erortlowell Road

Real Life Christian

input through a public work- Fellowship
E. Tanque Verde Road

N. Harrison Road
N. Houghton Road
N. Melpomene Way

ShOP. ¥ 3353 N.Houghton Road

The public is invited to learn
about the project area and his-
tory, and to provide input that
will help shape the future of
wastewater management on
the mountain, particularly in the
Summerhaven community. The
purpose of the workshop is to involve commu-  Public Workshop
1rcn’cy s'cakel;mjoclldersl in prioritizing pu bllc-lnt'erest Feb. 10, 2007
actors and developing management options 9 a.m. to 12 p.m.

regarding wastewater system issues and activ- : et
itigs on mg«t. Lemmon. g Real Life Christian

Once completed, the study will identify the FeIIO\'I\\IISI’I_lllp bton Road
conditions and circumstances existing in and 335318 eUE ol poa
around the Mt. Lemmon community, and the Tucson, AZ 85749
significant issues and challenges involved in

planning wastewater systems for the future. The plan will include the nature
and sequence of all capital projects recommended for the Mt. Lemmon waste-
water conveyance, treatment and discharge systems. Pima County Wastewater
Management Department will hold a public meeting to review the study’s find-
ings and recommendations in the spring of 2007.

Houghton Road ___w_i

Please RSVP by contacting Angie Brown at angie@gordleydesign.com or (520)
327-6077. For more information on the workshop, or for individuals with disabili-
ties, who require accommodations for effective participation and communication
in the meeting, contact Angie Brown at angie@gordleydesign.com or (520) 327-
6077 to make appropriate arrangements. The meeting site is accessible.
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Pima County Wastewater Management Department
Mt. Lemmon Service Area Watershed Study and Wastewater Management Plan
Workshop Agenda

Feb. 10, 2007
Real Life Christian Fellowship
3353 N. Houghton Road, Tucson, Arizona
9 a.m. to 12 p.m.
*  Opening Remarks, 9:00 — 9:15 am.
o Welcome — Pima County
o Introductions, review of agenda and goal of workshop — Matt Matthewson, Pima
County
e Project Overview, 9:15 — 9:45 am.
o Project Purpose — Adam Bliven, EEC
= Study’s goal — Develop long-term management plan for wastewater
service on Mt. Lemmon that serves the community and the environment.
= History of wastewater management on Mt. Lemmon
* Earlier lack of treatment
* Consent order
* Arizona law prohibiting discharge into Sabino Creek
e Permit limit of discharge on USFS land
* Fires changed everything
o Watershed information — Bruce Goff, AMEC
= Location of watershed, water withdrawal and discharge
o Environmental information — Keith Pohs, Sage Landscape and Architecture
= Environmental benefits of water on Mt. Lemmon
»  Effect of additional withdrawals and/or discharges to the Sabino Creek
and the San Pedro watersheds
o Project parameters — Adam Bliven
= Regulatory
= Possible uses of grey water
= Cost and size of treatment
= Solids and chemical handling and hauling

»  Community effect of additional wastewater treatment



Break, 9:45 — 9:55 a.m.
Small groups to identify goals, opportunities and constraints, 9:55 — 10:55 a.m.
(45 minutes for discussion, 15 minutes to condense on to cards to share with entire group)
o Overview of small group participation — Jan Gordley, Gordley Design Group
o Break out by area of interest to define goals, opportunities and constraints
= Residential/Commercial
= Environmental
= Recreation
Break, 10:55 - 11:05 a.m.
Reconvene to share goals, opportunities and constraints, 11:05 — 11:45 a.m.
o Each group reports
Closing remarks, 11:45 —noon
o Next steps for project — Matt Matthewson
o Next steps for public participation — Jan Gordley
o Thank you for participating — Matt Matthewson
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Pima County Wastewater Management Department
Mt. Lemmon Service Area Watershed Study and Wastewater Management Plan
Workshop Summary
Workshop
e Feb. 10,2007, 9 a.m. to 12 p.m.
o Real Life Christian Fellowship, 3353 N. Houghton Road, Tucson, Arizona

Public Notification

e Newspaper advertisements in the Arizona Daily Star and Tucson Citizen on Jan. 26, 2007

e An announcement in the Feb. 2007 issue of the Mt. Lemmon Echoes, Summerhaven’s
community newsletter

® A news release sent to area media outlets on Jan. 26, and Feb. 6, 2007

® A postcard invitation sent to Mt. Lemmon property owners, residents, stakeholders and other
interested parties on Jan. 29, 2007

» Notice circulated by e-mail to interested parties in the two weeks prior to the workshop

Team Attendance

e Pima County: Paul Bennett, Pat Klein, Matt Matthewson, Laura Fairbanks, Lorraine Simon,
Don Willhoit, Harlan Agnew, Chuck Wesselhoft, Mike Redmond, Frank Gall, Mary Hamilton,
Cecilia Vindiola

e U.S. Forest Service: Steve Hensel, Robert Lefevre, Rachael Hohl, Erin Boyle, Joshua Taiz
e EEC: Adam Bliven, Rebecca Martinez, Michael Mourreale, Keith Dojaquez
e Sage Landscape and Architecture: Keith Pohs
e AMEC: Bruce Goff
e Gordley Design Group: Jan Gordley, Angie Brown, Jessica Withers
Public Attendance

o 42 attended

Materials/Displays
e Agenda, comment form, sign-in sheet
o Sheet to enter information indicating interest in potential of connecting to sanitary sewer
e Aerial and study maps mounted on foamcore for each small group

Room Set-up
e Sign-in table in entrance room with handouts available
e Theater-style seating in auditorium, small group seating in separate corners
e Refreshments in kitchen area

Summary of Small Group Participation
Participants broke out into four groups: Recreational, Environmental, Residential and
Residential/Commercial. Each group discussed goals, opportunities and constraints, while a scribe
recorded comments on flip charts. Following is a transcription of each group’s comments captured on
the flip charts. (G = Goal; O = Opportunity; C = Constraint)

e Recreational

¢ G: Maintain campgrounds in as environmentally sound a way as possible

G: Use gray water
C: Public is increasingly unwilling to use latrines or compositing toilets
C: Lack of water for flushing toilets due to seasonal precipitation limits



C: Cannot connect to Forest Service lagoon because it is at capacity and is uphill from
camps

e C: At Girl Scout camp, water does not run year-round

e O: Increase water in area through recharge

e O: Put water back in Sabino Creek to increase stream flow
e O: Return creek flows to the way nature created them
Environmental

e O: Spray-field: On forest land or private?

o O: Create green space/re-vegetation

e O: Fire protection for built-up area

e O: Look at entire watershed area/riparian zone

e C: Design capacity for discharge

® ¢ ¢ ©¢ ¢ © © © © © ® © © © © © © © © © © © ©

o Any reclamation
o Returning any back to effluent
o What is max? Will this increase?
C: Importation of water
C: Summer — low-flow periods
O/C: What is water quality of effluent?
O/C: Analysis of lots and commercial properties for design/supply capacity
O: Public and private cooperation for reclamation of spray and discharge
O: Other uses for reclaimed water
O: Development capacity for future needs
C: Pros and cons for sewers and septic
C: What about the persons who can’t connect to sewer? Service area line
G: Analysis of spray field in relation to burned soils
O: Question use of spray-field
G/O: Remove legal restraints to discharge into Sabino Creek
G/O: Use effluent for plant irrigation
C: Water quality issues caused by wildlife and other natural sources (i.e. copper & zinc)
C: Issue of erosion caused by building
C: Erosions of old home sites caused by fire
O: Analyze effect of fires on watershed areas
O: Stabilize soils near Winkleman Avenue
O: Beaver Creek watershed study
O: Manage vegetation to enhance in stream flow
G: Is spray-field still effective post-Bullock fire?
G: Odor control concerns at spray-field and treatment facility
C: Will project serve all residents
o Selection criteria
C: Selection criteria
o Preference for those nearest the creek

e O: Satellite systems for treatment facility

e G/O: Water from watershed should stay in watershed
e O: SW side of school good location for spray-field

e G: Standard of treatment for reclamation purposes
Residential

Wastewater plant = when built, aware of no discharge to Sabino?



®e © ¢ ©¢ ¢ ¢ © © © © © © © © o o e 6 @ o & & o o o o o

If you wish to, can you hook up?

Will commercial interests take away from or conflict with for residential interest in hooking
up to the system?

Gray water

Can be used for irrigation/toilets?

Opportunity to use reclaimed storage tank for commercial use

Use for fire fighting

Utilities under roadway — soon?

Storage tank at top of mountain for use at ski area, down to community

Can you spray discharge back onto residential 1ot? Village?

Opportunity for greener village, landscape, etc. (Done near Reid Park)

Could be an additional cost to homeowners

If expanded, will homeowners be required to hook up?

Goal: Greater capacity — with better quality discharge (so commercial doesn’t take away
from or conflict with residential)

Commercial development

Future site for spray-field

Greater hook-ups = Yes, wanted

Length of hook-up

Additional lines?

Cost of hook-ups?

Road maintenance

Improvement district

Tax assessment

How and who pay for?

Shared by all county (people)

Water use/availability (as constraint)

Expense for homeowners for reclaimed water use

Not much irrigation use by homeowners

Forest Service concern over additional discharge

Snowmaking = temperature dependant — ski area too mild — is snowmaking really an
available option?

Concern — Abandoned septic systems if people hook up to sewer system?
Property owner responsible for abandonment (fill-in, etc)

Length of study?

How long till system expanded if that’s what’s chosen/allowed? How phased?
Septic tanks are discharged into Sabino Creek watershed already

Goal: discharge above Sabino watershed

Can the mountain handle additional people if snowmaking approved

Chances of state overturning rule?

Residential/Commercial

Wide range of soil conditions

Capacity of wastewater system

Capacity of Summerhaven in general

Limited funding for wastewater system

Making sure that there is a focus on residential needs
Maximize use of gray water at each property



Explore innovative option for disposal of wastewater and streamline the process (permitting
— capacity, cost, process, timeframes)

Concerns for consistency property to property

One point of contact for Mt. Lemmon Basin

Maximize treatment capacity
o Minimum requirement is the maximum use
Contingency plan and a way to implement
Need for more vegetation and trees
Recognize the entire county’s commitment (visitor use)
Availability of water
Mindful of water use
Minimize water use
Understand that density changes exist
Minimize inflow



Comment Form
Mt. Lemmon Watershed Study
and Wastewater Management Plan
Public Workshop
Real Life Christian Fellowship
Saturday, Feb. 10, 2007

Pima County Wastewater Management Department is interested in your comments
regarding this project. Please leave your comment forms in the comment box, e-mail
comments to angie@gordleydesign.com, fax to (520) 327-4687 or mail them to Angie Brown
at Gordley Design Group, 2540 N. Tucson Blvd., Tucson, AZ, 85716. Thank you for your
participation.

General Comments (Please print clearly):

K\)\\mikr:& \qu:f AN, c:?@ d&s@](&gg QQ—LW

=hUE s o

Mt. Lemmon Water District
P.0. Box 706

Mt. Lemmon, AZ. 85619
520.576.1538

Michael Stanley
Operator/Manager
Lemmonh2o@aol.com

Optional:

Name: . Address;, Sity: State:  Zip:
amf\?\‘tdx\aéi Sleden reis{'g;ajre__ Dlj&\.ﬂ_{ﬂy State:  Zip

Phone: -—-E—)mailz

L—_] Please include me on your mailing list to receive information concerning this project.
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i S



Comment Form
Mt. Lemmon Watershed Study
and Wastewater Management Plan
Public Workshop
Real Life Christian Fellowship
Saturday, Feb. 10, 2007

Pima County Wastewater Management Department is interested in your comments
regarding this project. Please leave your comment forms in the comment box, e-mail
comments to angie@gordleydesign.com, fax to (520) 327-4687 or mail them to Angie Brown
at Gordley Design Group, 2540 N. Tucson Blvd., Tucson, AZ, 85716. Thank you for your
participation.

General Comments (Please print clearly):
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N-ame:g?emgy- B\ack Address: R Kor {1992§ City:Tue sonStateft Zip: €Y 717

Phone:§2.0 - 6§73~ 23(, |, E-mail: b‘ci buFF@ p’\\f\ol Spkmq e (0N

D Please include me on your mailing list to receive information concerning this project.




Comment Form
Mt. Lemmon Watershed Study
and Wastewater Management Plan
Public Workshop
Real Life Christian Fellowship
Saturday, Feb. 10, 2007

Pima County Wastewater Management Department is interested in your comments
regarding this project. Please leave your comment forms in the comment box, e-mail
comments to angie@gordleydesign.com, fax to (520) 327-4687 or mail them to Angie Brown
at Gordley Design Group, 2540 N. Tucson Blvd., Tucson, AZ, 85716. Thank you for your
participation.

General Comments (Please print clearly):
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Optional:

Name: E’ba":/\f Address: .y, 2 ,~, . City: te:  Zip
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Phone: 2943 2{{ g E-mail:

Please include me on your mailing list to receive information concerning this project.



Comment Form
Mt. Lemmon Watershed Study
and Wastewater Management Plan
Public Workshop
Real Life Christian Fellowship
Saturday, Feb. 10, 2007

Pima County Wastewater Management Department is interested in your comments
regarding this project. Please leave your comment forms in the comment box, e-mail
comments to angie@gordleydesign.com, fax to (520) 327-4687 or mail them to Angie Brown
at Gordley Design Group, 2540 N. Tucson Blvd., Tucson, AZ, 85716. Thank you for your

participation.

General Comments (Please print clearly):
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Optional:
Name: Address: City: State:  Zip:
Phone: E-mail:

[:] Please include me on your mailing list to receive information concerning this project.



Comment Form
Mt. Lemmon Watershed Study
and Wastewater Management Plan
Public Workshop
Real Life Christian Fellowship
Saturday, Feb. 10, 2007

Pima County Wastewater Management Department is interested in your comments
regarding this project. Please leave your comment forms in the comment box, e-mail
comments to angie@gordleydesign.com, fax to (520) 327-4687 or mail them to Angie Brown
at Gordley Design Group, 2540 N. Tucson Blvd., Tucson, AZ, 85716. Thank you for your
participation.

General Comments (Please print clearly):

!{} Tl 4 .'__,"; r} ) ! o ! /
A 2ot NS 3 y 3 1 : etk g 3
ey -/ i A 5 ¢ 4 £
— 7 /
i ,f $ !{f bt
L '3 " 1
D e 2yl g T haweyr s S
i
Optional:
Name:[;/,: VP Address: .r,. o . City: | State:, Zip:, .0 -y
el (RN R A e o po e el Sy i
= —

’

« S/AT. il -mail: /';a::*-_ R ‘} for 7 / a
Phone: 575 - =°-¢ E-mail: /‘\;-- Ji) Pl ge ;f&‘_.{ o N

s
A e
§ 5 .- B Sk B i

,IKJ Please include me on your mailing list to receive information concerning this project.



Comment Form
Mt. Lemmon Watershed Study
and Wastewater Management Plan
Public Workshop
Real Life Christian Fellowship
Saturday, Feb. 10, 2007

Pima County Wastewater Management Department is interested in your comments
regarding this project. Please leave your comment forms in the comment box, e-mail
comments to angie@gordleydesign.com, fax to (520) 327-4687 or mail them to Angie Brown
at Gordley Design Group, 2540 N. Tucson Blvd., Tucson, AZ, 85716. Thank you for your
participation.
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Comment Form
Mt. Lemmon Watershed Study
and Wastewater Management Plan
Public Workshop
Real Life Christian Fellowship
Saturday, Feb. 10, 2007

Pima County Wastewater Management Department is interested in your comments
regarding this project. Please leave your comment forms in the comment box, e-mail
comments to angie@gordleydesign.com, fax to (520) 327-4687 or mail them to Angie Brown
at Gordley Design Group, 2540 N. Tucson Blvd., Tucson, AZ, 85716. Thank you for your
participation.

General Comments (Please print clearly):
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Comment Form
Mt. Lemmon Watershed Study
and Wastewater Management Plan
Public Workshop
Real Life Christian Fellowship
Saturday, Feb. 10, 2007

Pima County Wastewater Management Department is interested in your comments
regarding this project. Please leave your comment forms in the comment box, e-mail
comments to angie@gordleydesign.com, fax to (520) 327-4687 or mail them to Angie Brown
at Gordley Design Group, 2540 N. Tucson Blvd., Tucson, AZ, 85716. Thank you for your
participation.
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Comment Form
Mt. Lemmon Watershed Study
and Wastewater Management Plan
Public Workshop
Real Life Christian Fellowship
Saturday, Feb. 10, 2007

Pima County Wastewater Management Department is interested in your comments
regarding this project. Please leave your comment forms in the comment box, e-mail
comments to angie@gordleydesign.com, fax to (520) 327-4687 or mail them to Angie Brown
at Gordley Design Group, 2540 N. Tucson Blvd., Tucson, AZ, 85716. Thank you for your
participation.

General Comments (Please print clearly):

LR P ™ o K¢ AN o)

-t need o be dellonn ook
(e ‘/\o«fx/;dﬂ.. \—J ;,»\;;?] M ' “m SR -‘\‘\\M

o o \‘G\/( N\M"‘Q\J"'x s,v(::m A
i \ Y B

— (el Q f&//ycs* otk /"**E—ﬁ gD &\!v L/‘\ gc‘w' MMH\AQ

o "/‘l/\&\A/\J(f’ AAQOA A
\ i

ol S
Optional: \ C&fu\_Q AT

dd : Cit Stat Zi —
U £ Wt PR RO T on M A7 §57 5
P?ﬂ”&\ Yoy~ 30La  PSecra 52| (& Qi . conn

Plehse include me on your mailing list to receive information concerning this project.



Comment Form
Mt. Lemmon Watershed Study
and Wastewater Management Plan
Public Workshop
Real Life Christian Fellowship
Saturday, Feb. 10, 2007

Pima County Wastewater Management Department is interested in your comments
regarding this project. Please leave your comment forms in the comment box, e-mail
comments to angie@gordleydesign.com, fax to (520) 327-4687 or mail them to Angie Brown
at Gordley Design Group, 2540 N. Tucson Blvd., Tucson, AZ, 85716. Thank you for your
participation.
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Comment Form
Mt. Lemmon Watershed Study
and Wastewater Management Plan
Public Workshop
Real Life Christian Fellowship
Saturday, Feb. 10, 2007

Pima County Wastewater Management Department is interested in your comments
regarding this project. Please leave your comment forms in the comment box, e-mail
comments to angie@gordleydesign.com, fax to (520) 327-4687 or mail them o Angie Brown
at Gordley Design Group, 2540 N. Tucson Bivd., Tucson, AZ, 85716. Thank you for your
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Appendix Y

Engineering and Environmental Consultants, Inc.
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205-14-533b Pima County Assessor Online

Page 1 of 2

2008 Pima County Assessor Property Inquiry
Search Parcel2007 Parcel2006 History Tax Summary Genealogy PRC

Parcel 20514533b nu

Book-Map-Parcel: 205-14-533b
TaxPayer Information

HUGHES JOHN R & . THOMPSON JT/RS
4140 E LA PALLOMA DR

TUCSON AZ

85718 0000

Description
SUMMERHAVEN LOTS 14 & 15 BLK 26 & PT ABAND RAY

AVE
(ABAND 6495/686)

Property Address 12844 N RAY AV (PC)
Secondary Valuation Data  Legislative Class
Land VACANT/AG (4 0)
Improvements VACANT/AG (0 0)
2007 Personal Property

Gross Value Totals
2007 LMTD/SCND Exemptions
Net Value Totals

PriorLimitedValue: $23.24]

TaxArca: 0005 TaxYear: 2
Recording Information
Docket 9585 Page 1371 Date Jul-16

Miscellancous
Section 30 Twn!1.0 SRng 16.0 E
Map&Plat 4/99 LandMeasure 2

MarketArea: (511)
Rule B District: 5

Tract Block026 Lot 00014 Gro

CensusTract 4024  UseCode 001.
Date of Last Change Jul-12-2003

VACANT RESIDENTIAL RURAL SUBI

Full Cash Percentage  Ass
$45.001 16.0 $
$0 0.0
$45.001 )
$45.001 S

CurrentLimitedValue; $28.(

Areas Condo Market 511 SFR District

SFR Neighborhood 10058000
MFR Neighborhood Undefined
DOR Market 16

Owner's
Fstimate

2002=520,000

http://www.asr.pima.gov/APIQ/APIQ.aspx

3/29/2007



=
3
-
=
&
%
i

RESANTION AND OFDER §0. 1981 = 4p

PRCYIDING FOR THE RPANDOMMENT OF
A _TORTION OF RAY AVENUE
IV SUMMERNAVEN SUBDIVISION -

- UNDECR. PROSEEDINGE MO, 2176

WHFATAL, the petlclon for. che abnndonmunt o*r ‘a. partxen

| at the PLma Cqunty AL
1 ; ﬂmfk & aL ?ug 9&
n«r ﬂA:TICU‘ARl i

-y ur;llt;&s and sewers.

in r,,w"nr"’!‘d f(,-r tearing th‘q ]7t‘1 day Of

el itinn, opnesivian, and ¢bjec:ion5g‘;pgﬁtﬁdr'

ter public use hawiAg been consldare:

road is betoc withoge accesz 'to. a publ

'Z_;-ﬂt"l.'-'rrsl_!

of Pima ,mhrtv in. rﬂgula' ﬁeekxng asse
f;?pd hnrn;n Emr the ﬂbandﬂnh L, 48
in =yl prrition, and do. heve b; vacate and

Foad, excngnlnn Erom r|g-~

’.S;J;HEEG 13 1903.

In the ;and'ueaarxheﬂ abovu-ar7fhereby

adjacent a1
distributed
Ari.gwn

1981, ai




LEHY ORD

1T IE

ERED that

af sm%ﬂ'ha,'anﬁfis b+

sanns and thar the Clerk of the Board

map of said Abandonmént. -
lopment

o lub ion and Ovder, thaﬁﬁer with.

pracosdings 2o, 2378, in Lhe office-of the County Recorder-of

Teprra CounPy, Ariuona.

BCNE BY ORDER OF THE Boav

af Yarch, 1931:

Cn Al Bdard of ‘Supery
“Pima: Comnty - 0 LT

isors ot

A TRR




“‘T._
VP 2 i \

3

I <
PR

LD

L

—
24 lb
L, ,B8

80

2284

|

e & -——-‘--‘—"T i

2900 12900
- _,7____1'__ o

! ; Fd :8_-{

ks

y 09

. B9

12|
62

1 56

o2l

[
Yo

‘\L‘?( o 9
P

o/ @

5 —
A STV YA

9

—t

" = . PR T
Va [ et . = ¢ B E”
E/Yo6ALES L s o

4 iy ~ R ' £ e, -
:” L f\"c\x‘(',:_‘_ i . S "B—Bﬂ ‘83 A __:_‘,..-’,_f.-',:_{
; R . T o) BO! > B P _"-BU

t ‘\L ‘v:::' e . ) 2 - _'_:T"‘ &us ¢

| |g 3‘\’%.-“: " T - 7 /4 lé 7 _13_ - :?_,E_T..' '_k ]
i l' A - .- ] & e /
: o o . 11'64' 4§J L S

; ¥ T f it o e




CRLE L1

b2

Araaie

468, £5




PIMA COUNTY

WASTEWATER MANAGEMENT DEPARTMENT
201 NORTH STONE AVENUE
TUCSON, ARIZONA85701-1207

MICHAEL GRITZUK; P.E. PH: (520) 740-6500
DIRECTOR FAX: (520} 620-0135

February 27, 2007

Mr. Richard Westervelt
2701 West Lambert Lane
Tucson, AZ 85742

Re: Sewer Lines in Summerhaven, AZ (your letter dated February 10, 2007)
Dear Mr. Westervelt:

Thank you for participating in our public workshop on Saturday, February 10th,
and thank you for following up our conversation at the workshop with your
letter. 1 appreciate receiving the information you provided about the
Improvement District concept.

We understand your concerns about financing any improvements to the Mt.
Lemmon wastewater conveyance and treatment system that take place in the
future. This is a major component of the study and plan belng developed for us
by Engineering and Environmental Consultants, Inc. Another major component
is the public-involvement aspect of our study, and we will be sure to take
appropriate steps to make the public aware of the financial impacts of our
resulting plan.

I have attached a sheet addressing the questions presented in your letter. If you
have additional questions or concerns, please feel free-to contact me or our
project manager, Matt Matthewson, at 740-6528.

Pdul M. Bennett, P.E. |
Deputy Director, Planning and Engineering

Enclosure (Q & A sheet)



Questions Presented by Mr. Richard Westervelt after the
Mt. Lemmon Public Workshop on February 10, 2007

. : : ' onth? The plant is operating at
about 17% of its permitted capacity (treatmg an average of about 2100 gallons per

day).

. How many gaflons of effluent does the Forest Service allow to be discharged per
day? The USFS permit allows us to discharge a daily average of 12,500 gallons and
a daily maximum of 17,000 gaflons.

. How many gallons of efflient are discharged per day? Our most recently reported
data iz for the month of December 2006 when the plant efffuent totaled 57,520

gatlons.

. The 36 lots along the existing sewer line that are not hooked up, what is to happen
with them? The owners of property along the existing sewer line (which includes
the bﬂginai!y connected 47 properties as atthorized by our USFS permit) may
request sewer service connection at any time, provided they meet applicable
connection requirements (Chapter 13.28, Pima County Code) and pay the necessary
sewer connection fee. Since up to 30 more properties may be connected under our
amended USFS permit, additional owners may obtain sewer service connection as
long as there is adequate capacity, and provided they meet the same requirements
(existing water meter, flow-reduction designs, connection permit, plan approval) and
pay the connection fee. There is nothing that requires these properties to be
connected if they have a properly permitted septic system, and there is no obligation
on those property owners to pay for service when they're not using the sewer.

. How many new sewer lines will there be and where? We do not know at this time

whether there will be any additional lines planned for the Mt, Lemmon sanitary
sewer system. This will be something we will evaluate once the EEC study is done.

. What is the total cost to the property owners to install the new sewer lines? One of
the main topics EEC is studying is “Finandal Issues”, At this time, we do not know
what system improvements will take place or thair associated costs. The County's
current connection fee applicable to ali property cwners is $189.62 per fixture unit for
residential connections and $379.33 per fixture unit for commercial connections.
There is also the cost to physically connect and run the 4-inch service fine from the
public main to the structure, which is the property owner’s responsibility.

Note: User fea expenses could also inciude a conservation fee and a connection fee
surcharge if nesded to recoup special costs associated with serving the area.

. What is the property tax going to be raised to? Mt Lemmon’s sanitary sewer system
is not currently funded with property taxes. Sewer user fees may be increasing, but
those rate increases are generally system wide because the revenue is used for
sewer projects tﬁroughaut our system. A speciai taxing district would have to be
created prior to using property taxes to finance sewer improvements.

. What about property easement from one Iot through ancther to reach the sewer
main? This is a matter for private negotiation between property owners.




10.

USFS has not committed to any agreement concerning our permit with them. Once
we receive the EEC report, we will identify necessary changes/enhancements and
petition the USFS accordingly. They wauld not act on any change to our parmit until
a National Environmental Policy Act environmental impact review is conducted.

What are all of the projects included in the $7.2 million bond? The general 2004
bond gquestion was posed in the following terms:

For the purposes of paying the costs of improvements, expansions and extensions to
the sswer plant and system of the County, including, without limitation, additional,.
expanded or erhanced effluent reuse, recharge and envircnmental protection
facilities or facilities required for regulatory compliance, additional storage and
treatment facilities, pumps, conduits, pipefines, mains and ali necessary rights,
properties, facilities and equipment theref'or, and to acquire land, interests in land
and rights-of-way for such- purposes and paying all expenses properly incidental
thereto.

The bond question’s “Scope” statement pertaining specifically to the Mt. Lemmon
system reads as follows:

To improve and expand the Mt. Lemmon wastewater treatment facility and effiuent
disposal system in the area damaged in the Aspen Forest Fire of June/July of 2003 in
order to better serve the needs of the greater Summerhaven area and fo provide a
source of reclaimed water for beneficial reuse, such as fire protection and
subsequent recharge.

The bond guestion’s “Benefits” statement pertaini ng specifically to the ML, Lemmon
system reads as follows:

Due to the extent of the Aspen Fire damage, and the anticipated rebuilding of the
Summerhaven area, it may be necessary to reconfigure and expand the entire Mt
Lemmon public sanitary sewerage treatment system, including conveyance,
treatment and effiuent disposal/reuse systems, Initially the system was authorized
to serve only 47 specific properties with the public sewer system and dispose of the
correspondingly limited amount of effiuent in a spray field to the San Pedro
drainage. The impact of the fire and subsequent rebuilding of the Summerhaveri
area will result in a new master plan. There is also community interest in providing
wastewater treatment for additional residential hook-ups in lieu of private septage
disposal. The resulting development will require the expansion of the existing 12,500
gallon per day wastewater treatment facility, upgrade of the water quality treatment
to meet environmental permits and evaluation and siting of additional dispasal areas,

t.When is the next meeting? The next public meeting will not be until after EEC

finishes a draft report for the County. We do not have a specific date for the
meseting at this time, but we expect it to be in the late spring (mid-May to mid-
June). In the mean time, there may be meetings of the Santa Catalina Mountains
Partnership’s “sewer committee” which has assisted the County in planning and
coordinating the EEC study. The County and USFS both participate in this
committée’s meetings, and they are subject to being called by the committee chair
{Bob Zimmerman). Cther ML. Lemmon community members of this committee
include John Jones, Michael Stanley and Larry Waldron, and we are sure you would
he welcome to participate.



Adam Bliven

From: Luann & Larry Waldron [lawaldron2@comcast.net]
Sent: Wednesday, February 28, 2007 7:08 PM

To: Adam Bliven

Subject: RE: Mt. Lemmon Public Participant Question

Thanks so very much; it is very helpful.
————— Original Message-----
From: Adam Bliven [mailto:ABliven@eectuc.com]
Sent: Wednesday, February 28, 2007 5:40 PM
To: lawaldron2@comcast.net
Cc: Charles (Matt) Matthewson
Subject: FW: Mt. Lemmon Public Participant Question
Hi Larry,
The link to the State Regulations is:
http://www.azsos.gov/public_services/Title_18/18-09.htm
Some of the applicable sections are:
R18-9-709
R18=-9-711

A copy of the R18-9-711 follows. Let me know if you need any additional information on
this issue.

"hanks, i

Adam

R18-9-711. Type 1 Reclaimed Water General Permit for Gray Water

A. A Type 1 Reclaimed Water General Permit allows private residential direct reuse of gray
water for a flow of less than 400 gallons per day if all the following conditions are met:

1. Human contact with gray water and soil irrigated by gray water is avoided;

2. Gray water originating from the residence is used and contained within the property
boundary for household gardening, composting, lawn watering, or landscape irrigation;

3. Surface application of gray water is not used for irrigation of food plants, except for
citrus and nut trees:;

4. The gray water does not contain hazardous chemicals derived from activities such as
cleaning car parts, washing greasy or oily rags, or dispcsing of waste solutions from home
photo labs or similar hobbyist or home occupational activities;

5. The application of gray water is managed to minimize standing water on the surface;

6. The gray water system is constructed so that if blockage, plugging, or backup of the
System occurs, gray water can be directed into the sewage collection system or on-site
wastewater treatment and disposal system, as applicable. The gray water system may include
a means of filtration to reduce plugging and extend system lifetime;

. Any gray water storage tank is covered to restrict access and to eliminate habitat for
mosguitoes or other vectors;



8. The gray water system is sited outside of a floodway;

9. The gray water system is operated to maintain a minimum vertical separation distance of
at least five feet from the point of gray water application to the top of the seasonally
high groundwater table;

10. For residences using an on-site wastewater treatment facility for black water
treatment and disposal, the use of a gray water system does not change the design,
capacity, or reserve area requirements for the on-site wastewater treatment facility at
the residence, and ensures that the facility can handle the combined black water and gray
water flow if the gray water system fails or is not fully used;

1l. Any pressure piping used in a gray water system that may be susceptible to cross
connecticn with a potable water system clearly indicates that the piping does not carry
potable water;

12. Gray water applied by surface irrigation does not contain water used to wash diapers
or similarly soiled or infectious garments unless the gray water is disinfected before
irrigation; and

13. Surface irrigation by gray water is only by flood or drip irrigation.
B. Prohibitions. The following are prohibited:

1. Gray water use for purposes other than irrigatioﬁ, and

2. Spray irrigation.

C. Towns, cities, or counties may further limit the use of gray water described in this
Section by rule or ordinance.

Adam R. Bliven, PE
EEC, Inc.
120-289-8055
www.eec-info.com

From: Luann & Larry Waldron [mailto:lawaldron2@comcast.net]
Sent: Sunday, February 25, 2007 8:14 BM

To: Adam Bliven

Subject: gray water use

I had talked to you at the Saturday meeting a few weeks ago and you mentioned there was a
Pima County document detailing implementation for gray water usage. Could you please
Email me the link or the document?

Thanks very much and continued success with the project on Mt. Lemmon;

Larry Waldron



Appendix Z

Engineering and Environmental Consultants, Inc.
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Lewatit TP 207

Product Information 310

Lewatit TP 207 is a weakly acidic, macroporous cation exchange resin
with chelsting iminodiacetate groups for the selective extraction of
heavy metal cations from weekly acidic to weakly basic solutions.
Divelent cstions are removed from neutralized waters in the fol-
lowing order:

copper > vanadium (V0) > uranium (U0,) > lead > nickel > zinc > cadmium >
iron (divelermt) > beryllium > manganése > celcium > magnesium > strontium >
bariuvm > sodium.

Lewatit TP 207 is of standard bead size distribution. Its good che-
mical and mechanical stability make it specislly suiteble for use in
the following applicstions:

- selective removal of heavy metals traces from effluents sfter
their normal precipitation by hydroxides, even in the presence of
high caleium contents

- recovery of precious metals from slectroplating rinse waters

- concentration and extraction of heavy metesls from hydrometallur-
gical solutions

- recovery of precious metals from pickling baths.

The selective extraction is achieved even in the presence of the
following complexing agents:

- nitrogen caompounds, e.g. ammonia, aliphatic, and sromatic amines

- multivalent carboxylic acids, e.g. citric acid, gluconic acid,
glucuronic scid, oxalic acid, tartaric acid

- pheosphates, e.g. tetrasodium diphosphste, sodium polyphosphate.

Lewatit TP 207 does not remove heavy metals from solutions contain-
ing EDTA or NTA respectively. Only cadmium is removed from sclutions
containing cyanides.

For the extraction of those heavy metals which follow the uranyl
oxide ion in the selectivity sequence as shown above, Lewatit TP 207
has to be conditioned with caustic sods solution after every rege-
neration cycle/before every exhasustion cycle. After the conditicn-
ing it is pertially in a salt-form, e.g. mono-sodium-form,

Before commissioning a Lewatit TP 207 unit, sese our Technical
Information OC/I 20343e for laboratory tests.
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lon Exchange Resins

AMBERLITE® IRC-718

AMBERLITE IRC-718 cnelating catlon exchange 1o give starting points for choosing a resin for

resin has a high affinity for heavy metal cations  selective metal removal.

over alkali or alkaline earth metals, such as sodium,

potassium, calcium and magnesiurm. Selectivity

ls achleved by an imincdiacetic acld functionally  TABLE 4

chemically bonded to a macroreticular resin . . - R
matrix, The functional group ¢coordinates heawvy ypical Physical Properties

matal lons with several active sites, binding the ;
lons very fightly. (These do not constitute specifications)

The selective nature of AMBERLITE IRC-718 resin

may dramatically decrease the cost of waste Appearcnce Hydrofec:! opaque becds
freatment. When small amounts of toxic metals Shlpplng Weight 42 !bs m (Nc form]
are In solution with larger amounts of alkali of ‘
alkaline earth cations, AMBERLITE IRC-748 resin Screen Grading (wef) 16 10 50 mesh
will prefer the 'toxic metals over the other (US. Standard Screen)
cations. This allows rermnoval of the undesirable Molstufe Content - o '52 to éa% (Nu fonﬁ]'
— metal contaminant without the need to com- . — A G
pletely deionize the waste stream. Regenerant  Swelling 40% H - Nc
coshs and, In scme cases, capltal costs can be ,- R R
reduced, since a smaller system can be usea.  ~afion Exchange Capacity ” meql m' wei '95["
The macroreticlilar siructure of AMBERLITE IRC-718 oo
resin provides a number of advantages over 1) pH = 2 KM
tradifional gel resins. it Is highly resistant to osmotic Metal lon Ca
shock, providing greater resin life than gel resing
used under the same conditions. Due to the Fet+~ 325,000
short lon diffusion path, the high poresity of iy
AMBERLITE IRC-718 resin improves the kinetics of Cur+ 130000
lon exchange. Hg+ = > 43,000
AMBERLITE IRC-718 rasin I3 Ideal for use In non- B - 8400
aquecus media, such as chemical process AU il
strooms, becausea of its macroreticular structure. Ag* 4,600
The resin is based on a very stable styrene-divinyl .
benzene matrix. Typical physical properties are Ni+ «~ 3,200
given in Table 1. e
Cd++ 620
The apporent electivity of any ion exchange . R 120
resin for a given metal depends upon concen- "
fration, the presenca of other specles, and pH, In+ - 120
This makes absolute selectivities very difficult to ' "
determine, espacially for waste treatment appll- Al+++ 50
cations. Becauss of this, laboratory testing is essen- et : oo
g  figl when a resin ls required fo remove one or Mg .
’ more types of rnetal ions selectively. Selectivities Ca++ 10

have been measured under various conditions
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2) pH =4

Metal lon Kg‘a
Hg™ ~ 2800
Cu~- 2.3C0
Poy~ - 1,200
N - 57
in=- 17
Cga+ - 18
Cor -~ 4.7
Fo~ - 4.0
Mn =+~ 12
Car- 10

3] pH = 9, very high ammonium background

(200g/L{(NH4)250,). M

Metal ion Ca
Ni+ 30
Ca+- 14
Cu+*= 10
n+ 3
Ca+t~ 10

These data provide a guideline of relative
selectivitles; no table can provide selectivifies
under all conditions. Using thesa starting points,
the affinity of the resin for @ given metal can
be Increased or dacraased by adjusting pH,

Operating Conditions

AMBERLITE IRC-718 resin is widely used In waste
treatment, chermical processing. and hydro-
metallurglcal applications where there is high
variability in feed streams and competition from
other spacies present in solution. Changes in
pH, concentfration, end background composi-
tion (especially complexing ions such as EDTA)
may change sorptlon characteristics, The sug-
gested condilfions Iisted in Table 2 should, there-
fora, be consldered Q staring point; laboratory
expatiments should be done to determine the
eftectiveness of any ion exchange process fora
desired application.

SEVERN TRENT SERVICES

8135 886 @651

Operating Capacity

The total exchange capacity of AMBERLITE IRC-748
resin in the sodium form is 1.1 megsmi wet resin,
In normal use, nowever, the resin bed 15 usually
notcompletely exhausted during operation, &ind
aconomic considerations may dictate less than
100 percent reganeration. Actual operating
capacity will be Igss than the otal exchange
capacity and should be determined by specific
applications testing.

Backwashing

Many feed streams contain particuiate matter
which can clog an ion exchange bed. Back-
washing is necessary at regular intervals to remove
this material. When there are large amounts of
suspended matter, backwashing may be nec-
essary at each regeneration cycle. The back-
wash should be at a sufficient rate to give at
least 50 percent bed expansion. The proper
flow rate can be found in Figures 3 and 4,

Exhaustion Flow Rate

Chelating ion exchange resins may have slightty
poorer kinetic characteristics than conventional
(strong electrolyte) ion exchangers. Flow rates,

TABLE 2

Suggested Operating Condiltions for
AMBERLITE IRC-718

pH 1510140
(minimum pH depends cn appllcation)

Maximum Temperature

190°F. (90°C) (Na)
160°F. (70°C) (H)

Service Flow Rate

1.0 1o 4.0 gpm/f?
(8.0 to 32,0 BV/hr)

Regeneration

5 to 15% HCI or Hx80,
0.25 to 0.50 gpm/ft.2
(2.0 to 4.0 8V/hr)

é to 12 |bs. acld/f2

Neutrallzation
(if necessary)

2 to 4 Ibs./f2

1to 3% sodium hydroxide
or ammonium hydroxide
0.25 fo 0.50 gem/ft.

(2.0 o 4.0 BV/hr)

Pressure Drop

See Figures 1 and 2

Hydraulic Expansion
During Backwash

See Figures 3and 4
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SE=RIC

[ FIRE DAMAGE

= — EXISTING ROADWAY

SEWER PLANNING AREA

 Total

?Numbmﬁ ‘Numbmf

4.02
Septic tank with disposal by Trench,
52 Bed or Chamber Technology

48

4.02

4.02, 4.04

4.02, 4.04, 4.12

4.02,4.04, 422

— | — ] —

4.02, 4.15, 4.20

4.14
8 Sewage Vault System

-

414

4.14, 4.04, 4.15

4.14, 4.20, 4.15

415
2 Aerobic Treatment System

4.15

4.15,4.22,4.04, 4.12

4.15,4.22, 4.04, 4.20

4.20
2 Disinfection Device on System

4.20

4.22
2 Subsurface Drip Irrigation Disposal System

4.22

4.02 Septic tank with disposal by Trench,
'Bed or Chamber Technology

412 Textile Filter Treatment System
4.15 Aerobic Treatment System

Data obtained from:

4.22 Subsurface Drip Irrigation Disposal System

Type 4 permit data e—mailed from Mike Redmond of PDEQ and
4.02 General Permit data from Robert Flynt of PC IT

- West Summerhaven East Summerhaven

- Sewage P

Summerhaven

lanning Area

Total

Total # Lots in Area (12). 107

92

679

~ Total#Llotswith FireDamage 24

S SR

R

878 *

N
ol

# Convention Septic|

13

212

245

_#Convention Septic with Fire Damage

e S

e

# of Type 4 General I"*‘-er-'rjﬁi‘t}

42

53

T #ofTypedfomSepic

1

Total # Type

52

B TR B

# of Sewr

19

.‘19;

o|o|=| v|n|w|e

. #ofSewerfromSeptic < .

o|o|o|o|a|m

2 Numerous addresses per lot where counted as one lot.
* 600 pre-fire structures reported, 324 destroyed, and 5 damaged

V«TINum.erous .Lots with one address where cou'nted‘as indivic_iuél ‘!ots_-. | s

Engineering and Environmental Consultants, Inc.

4625 E. FT. LOWELL RD.
TUCSON, ARIZONA 85712 520—-321—4625

"Fire on the Mountain The Aspen Fire." Pima County Public Works. March 2004
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Mt. Lemmon Service Area Watershed Study and Wastewater Management Plan
Public Meeting Summary

September 8, 2007 Public Meeting and Open House

Mount Lemmon Community Center

10am-2pm

A public meeting was held on Sept. 8, 2007, at the Mt. Lemmon Community Center in
Summerhaven, to present study findings to the community. The public meeting was
publicized with an announcement in the August edition of The Mt. Lemmon Echoes, the
Summerhaven community newsletter; a jurisdictional letter sent to local area government
officials on August 22; a postcard invitation sent to Mt. Lemmon property owners,
residents, stakeholders and other interested parties on August 23; a news release sent to
area media outlets on August 24; newspaper advertisements on August 25 in the Arizona
Daily Star and Tucson Citizen; and a notice circulated by e-mail to interested parties.

Based mainly on the sign-in sheets, 25 members of the public and 20 members of the
study team (including Pima County, U.S. Forest Service (USFS) and consultant staff)
attended the meeting. Afttendees were asked to sign-in and were given a packet that
included an agenda, comment form, a print-out of the PowerPoint presentation and
handout regarding water reuse in Cloudcroft, NM. There were a few community
members present who did not sign the sign-in sheet.

After Pima County’s consultant (EEC) gave a presentation on the report, a panel of
experts, including Pima County, USFS and consultant staff, addressed questions and
comments from the public. The topics raised are reflected by the following community
questions (CQ) and panel response (PR):

Environmental Quality

e (CQ: What is the quality of effluent from septic versus WWTEF?
PR: The quality of septic system effluent is generally not as good as the current
WWTF,

s CQ: How is the sewage currently being treated?
PR: The current treatment plant uses a biological process to degrade the waste.
The resulting effluent is disposed of in a spray field located in the San Pedro
watershed. Biosolids created in the process are trucked off the mountain and
further processed at the Ina Road WWTF, The wastewater is treated to secondary
standards and the equivalent of B classification.

e (CQ: Can B-quality effluent be used for fire-fighting?
PR: In cases of emergency, B quality effluent can be used for fire fighting,

Water Resources



CQ: Have you looked at graywater systems?

PR: Individual graywater systems are currently allowed under ADEQ rules.
Individual homeowners can install graywater systems on private property,
however they still have to have an alternative, permitted method for treating the
graywater. Greywater systems do not reduce the size of individual on-site
(reatment systems,

CQ: If having a storage tank right away would help with fire and save water, how
can we get it now? I want to support that. It is important.

PR: Pima County’s first step upon receiving the consultant’s report is to develop
an implementation plan for improvements to the wastewater collection, treatment,
and disposal system. The community’s desire to have an effluent storage tank
will be considered when Pima County develops the implementation plan. (A
written comment was also received from a resident in aftendance at the meeting
requesting that Pima County make this a priority.)

CQ: What is daily flow rate for potable water?

PR: Mike Stanley from Mt. Lemmon Water Improvement District answered this
question.

CQ: Is there enough water to reach the Wastewater Treatment Facility (WWTF)
limit of 15,000 gallons per day (gpd)?

PR: Mt. Lemmon Water Improvement District has enough water rights to provide
in excess of 15,000 GPD (35 acre feet per year), however Mt. Lemmon’s water
system is highly dependent on precipitation on the mountain. A hydrogeologic
study was recommended by this study to assess the source of drinking water and
better predict how much water is normally stored in natural subsurface formations
and to estimate what would happen during a prolonged drought. Our study
estimates that demand will approach water rights within the 20 year planning
period but little data is available on which to plan. A comprehensive water
resources assessment is needed.

CQ: A 10-year water consumption study was recently done noting an average use

of 50 gpd instead of 150 gpd per household. You should use that existing figure.



PR: As the County moves forward on this project in the implementation stage we

will integrate this information.

Public Acceptability

CQ: We need to know what needs to be done.

PR: No Response Required

Regulatory Compliance

CQ: What is limitation of WWTF — where is the choke point? What exactly
limits the discharge?

PR: As we illustrated in the slides, there are many choke points. The first choke
point is the discharge limit on the sprayfields. There are several permit limits
which apply — 12,500 gpd daily flow, 17,000 gpd peak flow and the rating of the
current facility to treat 15,000 gpd. (diagram from presentation was used for
reference)

CQ: If we have more sprayfields, can we dispose of more?

PR: Yes and no. It is possible to install more sprayfields if the USFS would
permit them, The existing spray field in the San Pedro watershed was intended as
an interim solution. The USFES prefers to see the effluent returned to the Sabino
Creek watershed and the USFS have received input from stakeholders including
the Santa Catalina Mountain Parfnership regarding the current disposal practice
which transfers water and wastewater from one watershed (the watershed of
origin) to a different watershed.

CQ: Can we modify the USFS peimits?

PR: Possibly, however the USFS would prefer to see the effluent returned to the
Sabino Creek watershed and stakeholders have voiced that the wastewater should
be returned to the Sabino Creek watershed. So it is possible that this revision
would not be accepted. There is also possibility of legal action over the current
disposal practice.

CQ: Are those located within 200 feet of the conveyance system required to hook

up?



PR: PDEQ currently will allow waivers for property owners that can show that
connecting to the existing conveyance system would be a financial hardship.

e CQ: Will people outside the Sewage Planning Area (SPA) be able to connect?
PR: People located outside the SPA will be allowed to connect, however Pima
County does not consider these propetrties to be a priority for connection. These
properties are generally larger, better suited for on-site systems, and further from
Sabino Creek.

o CQ: We are relatively close to the mainline (just barely outside the limit) and
want to connect. Can we? How do we go about doing that?

PR: Please contact Pima County Wastewater (Don Wilhoit) to explore this
further. (Specific contact information was taken from this resident by Ed Curley
and was provided to Gordley for inclusion in meeting materials and is presented

as a comment at the end of the summary.)

Financial Viability
o CQ: Is the County spending $7 million for only 77 lots? That’s a big undertaking

for so few people.

PR: $7 million is a lot of money and that is why Pima County is studying this
project and carefully proceeding with plans. Hopefully the resulting projects will
benefit more than just the properties that connect to the wastewater treatment
system, Some of the recommended steps such as effluent storage, reforestation,
will benefit the entire Mt. Lemmon community as well as visitors to the area.

e CQ: A past letter from the County regarding Carter Canyon Improvement District
connection cost per lot was $13,000 in 2004, plus other costs. A Sewer
Improvement District (SID) would cost each homeowner $20,000, which is
estimated to be $210 per year,

Staff Response: Pima County does not impose sewer improvement districts on
neighborhoods. If a sewer improvement district were to be established it would
be voted in by the property owners.

e (CQ: Who gets to vote for a SID?

PR: The people who own land within the designated SID would be able to vote to
decide if they wanted a SID.



e (CQ: What is the earliest best guess that we could connect to a conveyance
system, and what would the cost be?
PR: The cost of any new sewer conveyance system will be highly dependant on
the length and location of the sewer main. The earliest someone could hook up to
a new sewer conveyance system could be five years or more,

e CQ: Who is going to pay for the sewer line and how much will it cost?
PR: The cost of any new sewer conveyance system will be highly dependant on
the length and location of the sewer main and conditions. The conceptual plan
presented is preliminary and roads are unimproved. If the County builds a sewer
conveyance system, then sewer users will eventually pay for the construction.
This cost may be offset by any grants or alternative funding. If a group of
residents decides to create an improvement district and votes to create this and
build conveyance lines, then the residents that live within the improvement
district would pay for the sewer line,

e (CQ: What will we be taxed for if we do not hook up to the system? Will we have
to pay for a conveyance system even if we do not hook up?
PR: Currently, Pima County Wastewater receives operating funds from all
County sewer connections. Rates throughout the County are the same regardless
of where a property is located. Only property owners who are connected to the
sewer system pay fees to Pima County Wastewater. We do not anticipate any

change to this system.

Meeting Demand
¢ (CQ: Advertise County septic visits in the Summerhaven newsletter, and visit

monthly instead of quarterly. Are there engineers who can help us evaluate what
systems are in the ground?
PR: PDEQ will review staff availability to determine if they can provide monthly
visits. PDEQ staff can also help evaluate what systems are in the ground.

e (Q: Looks like you are paying attention to septics, too, which is good.
PR: No Response Required

e (CQ: Help us understand what is available to those of us using septic tanks.
PR: That is part of PDEQ’s mission and why PDEQ visits the area quarterly.



Pima County Representatives Present:

Charles “Matt” Matthewson, Project Manager, PCWMD
Ed Curley, PCWMD

Mary Hamilton, PCWMD

Don Wilhoit, PCWMD

John Munden, PCWMD

Frank Gall, PCWMD

Lorraine Simon, PCWMD

Laura Fairbanks, PCWMD

Mike Redmond, PDEQ

USFKS Representative:
Steve Hensel, Coronado National Forest

Consulting Team Representatives Present:
Adam Bliven, EEC

Kiistie Kilgore, EEC

Keith Dojaguez, EEC

Michael Mourreale, EEC

Anne Williams, EEC

Robert Forest, Sage

Angie Brown, Gordley Design

Jan Gordley, Gordley Design

Barb Alley, Gordley Design
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Comment Form
Mt. Lemmon Watershed Study
and Wastewater Management Plan
Public Meeting
Mt. Lemmon Community Center
Saturday, Sept. 8, 2007

Pima County Wastewater Management Department is interested in your comments
regarding this project. Please leave your comment forms in the comment box, e-mail
comments to angie@gordieydesign.com, fax to (520) 327-4687 or mail them to Angie Brown
at Gordley Design Group, 2540 N. Tucson Blvd., Tucson, AZ 85716. Thank you for your
participation.

General comments (please print clearly): / A
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Opfional:

Name: Address: City: State:  Zip:
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Phone: A_,) E-mail:
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Comment Form
Mt. Lemmon Watershed Study
and Wastewater Management Plan
Public Meeting
Mt. Lemmon Community Center
Saturday, Sept. 8, 2007

Pima County Wastewater Management Department is interested in your comments
regarding this project. Please leave your comment forms in the comment box, e-mail
comments to angis@gordleydesign.com, fax to (520) 327-4687 or mail them to Angie Brown
at Gordley Design Group, 2540 N. Tucson Blvd., Tucson, AZ 85716. Thank you for your
participation.

General comments (please print clearly):

h/u; (e Jt'u;»r oUdside 4 ha Conues/ance.
Systenn amaL wiond o Conpecd

to bWJuT

Optional:

Name: Domé:h\/ J‘HC’hdH?ess: City: State:  Zip:
TJohnsorn)

Phone: E-mail:

760~ 5012

A44 - 4916



Manageent'Department
-+ Public Meeting:

Mount Lemmon Watershed Study &
Wastewater Management Plan

Saturday September 8, 2007
10:00am-Noon

Summerhaven Community Center
Mount Lemmon

—~
‘

-

Public WJrJ_Jﬁ _3_
; P007:Input

Workshop participants commented & identified 6 common
goals that were important to them:
+Prowde capacity to meet demand
— Ability to provide service for those requesting it
Regulatory compliance
— lLocation of discharge, spray-field
Financial viability
— Identify sources & means of funding
Environmental soundness

— Enhance vegetation, maintain high standard of trea‘(m
flow to Sabino Creek

Maximize availability of water resources |

— Investigate uses for treated effluent, including fire- ltgh A
Public acceptability i
— Provide consistency in plan & policy

— Provide greater capacity

_ - ey P
Original Study Objectives
s—Conduct a comprehensive study

of potential service area

Identify wastewater volumes,
management issues, & discharge
options

Identify legal & regulatory issues|
Identify available financial
arrangements & options

Resolve watershed imbalance

Pipeline to
Spray Field
i
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s Lemmon WWTF
Rated @ 15,000 gpd

Sabino Creek Summerhaven

Discharge of wastewater ta Sabino Creek currently prohibited by
ADEQ Rule (A.A.C.)R18-11-123(A)




Mount Lemmon Water Improvement District (MLWID)
Springs = Primary Drinking Water Source
Water Rights = 35 Ac-ft/yr, Actual Supply = ?
>56% of Supp R Il

Human Consumption
_|£Ioudcroff New Mexico - Real Case Scenario

Mountain top community
= Small watershed & rainfall dependent water supply
= Village was forced to haul water from an ouiside sotices
during drought:
— Expensive & Impractical
— Short term solution fo decreased water supply
The new reuse system consists of:
— Membrane Bioreactor (MBR) & Reverse Osmosis; (RO)
— 50/50 dilution of treated wastewater with d
— Final Treatment with Ultravialet Filtration (UV
— Meets drinking water standards

Rather than disposing treated effluent info stream, treated
water is added to the raw water source - spring
and used as water supply

vell water,

d Forward

Carrl
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» Recharge/Injection — hydrologic limits
= Snowmaking - stakeholder objections
» Direct Reuse/Mixing for Consumption
— State law prohibits human consumption
— Public concern likely
= Beneficial Use/Reclaimed Use
— Reforestation
— Fire-fighting water supply storage tank
= Discharge/Disposal to Sabino Creek

Sazptic Systimgi . \
| Water Quality Protection

= PDEQ issues septic system re-
certifications & on-site wastewater
treatment system permits (on-site
“General Permits”)

» Post-fire re-certification practice for
conventional septic systems

m New on-site wastewater treatment
systems & limiting site conditions




Esites & Wastewater:
Flow & Management

ﬁarger new homes — {rp
— higher flow than older pre-fire [U_('
sysiems. !
— >typ. Tueson household? trom if
n Only limited conveyance
system (collection main)
= No developer
= Threat to Sabino Creek
Quality
— unclosed septic systems (fire
loss)

— high density of septics/on-sites

IINeTceragency Wastewater:
Management Approach Needed:

Jrm Assessing Sabino Creek for septic
impact (including unclosed systems)

» Recertification of conventional septics

= Permitting new on-site systems

= Development of collection/conveyance
and treatment systems by PCWMD

= Community support

n Lifestyle

SPA SEPTIC
SYSTEMS AND
POTENTIAL
LOTS FOR
CONNECTIO
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Since Fires
» ~68 septic permits issued in SPA compared to 19 active WWTF connections

1E

WEETEdter Management:
20 Year Planning

+- Volume & Flow — Current Capacity vs. Demand
= WWIF Improvement Options Evaluated

— Do nothing — offsite private flow equalization
only

— Upgrade or Replace — current location

— Replace - new Location
= Evaluated Flow Potential

— Lack of conveyance system

— On-site and septic system permitting practices
= Discharge Options & Stakeholder Response

— Irrigation/Reforestation

— Discharge to Sabino Creek
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»}Tvpe 1.09 Aquifer P
Permit General Permi

“Peak Flow Limit
Rated Capacity |

678 lots in Sewage Planning Area (SPA)

287 lots/cabins destroyed in Aspen Fire in SPA

212 lots had “legal” septic systems before fire

— /5 lot discrepancy (287 — 212 = 75 lofs)

Since Aspen fire

— 68 systems re-certified or obfained on-site permits

Short Term Flow Possibility - 12 lots w/lost structures
— within the eurrent 200" connection zone of sewer main

— could connect immediately

Long Term Flow Possibili

— With a larger conveyance system up to 177 lots in SPA
potentially could connect

Flow (gpd)

Year (2007-2027 Piannmg Period)

_ | B \vAsTEWATER TREATHENR
F17).0)1 7100 W S | .. | ieosl | 53507500 |54
= Short-term — peak flows e et | smR I ;':?._f;;
—— — Increased WWITF capacity needed OR e [TErSVe 0.8 L

— Flow equalization (EQ) needed to address
peak flows (on or off-site options)

|
!— Storage tank for fire-fighting swater~supply
(EQ) llu \(HlL_l[(\
» Long-term: | Ny
— Slow growth — expansion needed by }2022

— Faster growth @ higher flow = expansmn
may be needed ~ 2011 (or sooher)l |
‘l
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100,000 ga!
Fira Fighting Water
Storaga Tank

$0.2-$0,3M

Discrzlite) .Gptlons

m Sabino Creek
+ — If prohibitions can be lifted
— NEPA process and Wilderness Area

— Water exits Upper watershed at southern
boundary

= Reclaimed Use
— Fire fighting
— Reforestation (2 conceptual areas identified)
» Baseline studies — regulatory requirements
— Site selection & screening
— Creek water quality

Parallsl DayEle

WWTT Upzrade and
Beseficial Use Options
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T Pevelop & Initiate Implementation Pl
e o
)

Addrpss WWTF Peak Flows & study Study Creek for possible septic system
adual flows for new homes, impact

‘Oftond Balance, ~ $6.85M (+50%

Upgrade/Replace WWTFE S ] \ Replace/ Upgrade Piant to improve Need for Uniform Inter-agency
effluent: Quality for Benefidal Use & Wastewater Management Strategy (on-
= Tank — Firefiat S I Creek: Discharge Opfions, sites, sephics, conveyance, efc
Storage Tank — Firefighting Supply
Collect Baseline Data — Creek, Consider Legislative Change — direct

— - Reforestation Sites & Weather Data use/consumption for sustainable future
Conveyance. System — Planning 2N (Cloudcroft, NM)

(=) = & =
aifed Select & Develop 100,000 gal storage Consider Forming Improvement. District

Reforestation/Irrigation LM tank site —fire: fighting water supply

Initiate 208 Pian Amendment for Sabino. | Install Creek stream gauging station
Discharge to Sabino Creek 51.1M* Creek Discharge

= = Petition ADEQ - SWQS rule revision to Study Water Resources & Develop
1OTAL Estimated Cost =l lift; Sabino Creek discharge prohibition Management Plan

Seek Funding as needed | Seek Funding as needed

*These costs would not be incurred until applicable laws are changed>2012
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