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Executive Summary

Pima County Regional Wastewater Reclamation Department (PCRWRD) owns and operates regional
wastewater conveyance and treatment systems serving Eastern Pima County. The regional systems
consists of over 3,300 miles of sewer lines (of which 230 miles are major trunk lines or interceptors), 34
conveyance system lift stations, two major treatment facilities and one wastewater reclamation facility in
the metropolitan (metro) area, and eight smaller wastewater reclamation facilities in the non-metro area.
The mission of PCRWRD is to protect public health, safety and the environment by providing quality
service and sound environmental stewardship of renewable resources.

PCRWRD recognizes the value of long-range planning in making timely, cost effective decisions; and the
need for an effective treatment strategy for current and projected future wastewater flows to its facilities.
A significant element in affecting the strategy is the need for a reduction in ammonia and nitrogen
concentrations discharged into the Santa Cruz River to comply with current and future environmental
regulatory requirements set forth by the Arizona Department of Environmental Quality (ADEQ). In
addition, the County seeks to optimize biosolids treatment, reuse and disposal. To that end, PCRWRD
commissioned the development of a master plan for future wastewater conveyance and treatment in the
PCRWRD service area. Figure ES-1 shows the current and future PCRWRD operated wastewater
treatment facilities.

Figure ES -1
Current and Future County Treatment Facilities




Pima County Regional Wastewater Reclamation Department
Tucson, Arizona

Pima County Regional Optimization Master Plan

Regional Optimization Master Plan
Final Report
Executive Summary

The purpose of the master plan is twofold. First is to determine an optimal strategy for regulatory
compliance which includes: long-term flow and capacity management, treatment of future wastewater
increases from the Pima County wastewater service basins, rehabilitation of existing facilities,
optimization of solids handling, reuse and disposal, complete utilization of biogas, and optimal methods
to provide reclaimed water. The second purpose is to develop a coordinated Capital Improvement
Program (CIP) including cost estimates, schedules and a recommended project delivery and funding
strategy for implementation of resulting projects and integration with the total PCRWRD CIP.

The master plan serves as a broad road map for future activities. It identifies potential pathways, as well
as obstacles to the implementation of the master plan CIP. Through the appropriate level of evaluation,
the best option is identified and selected for implementation, without precluding changes in direction that
may be prompted by future needs. The Pima County Regional Optimization Master Plan forecasts needs
for wastewater treatment capacity throughout the PCRWRD service area and the facilities required to
meet those needs through the year 2030. The master plan builds upon the 2006 Metro Area Facility Plan
Update in addition to several planning and engineering efforts previously performed for, or by the
PCRWRD. The plan is based on current and potential future regulatory and PCRWRD customer
requirements, and identifies how and when wastewater treatment facilities will be upgraded and
expanded, as well as how existing facilities will be integrated into future expansions or de-commissioned
through the year 2030. The plan recommends a comprehensive CIP with treatment components and
systems, phasing schedules and cost apportionments for future implementation of PCRWRD wastewater
infrastructure needs in accordance with individual ADEQ facility requirements. As the master plan was
developed, two concurrent efforts were implemented focusing on Strategic Development and CIP
Development. This executive summary presents the major findings, conclusions, and recommendations
of the Regional Optimization Master Plan.

Regulatory Requirements

Regulatory requirements were examined as they pertain to the collection, conveyance, and wastewater
treatment systems. Reviews of current regulatory requirements regarding wastewater treatment facility
design and level of treatment were completed. Capacity and systems condition assessments for Roger
Road Wastewater Reclamation Facility (WRF), Ina Road WRF, and their respective conveyance systems
were undertaken to determine compliance with regulatory requirements and to draw conclusions
regarding the suitability of the facilities to stay in service at existing, greater, or reduced capacity in the
current treatment mode and in a converted nutrient removal mode.

To meet the future permit requirements, process modifications and changes are required to lower
ammonia and total nitrogen discharge levels. Other relevant and pertinent issues include addressing odor
control, safety and upgrades of the existing facilities to be compliant with environmental, regulatory and
building code requirements.

Treatment Plant Evaluation

Roger Road WREF is the older of the two major wastewater treatment plants and symptoms of aging are
apparent. From an operational and maintenance point of view, there are several drawbacks with the
facility’s current treatment unit operations, including the primary and final clarifiers. By modern
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wastewater treatment practice, the clarifiers are too shallow to be effective in advanced wastewater
treatment and the feed and withdraw systems are inadequate. Moreover, continued use of the system at
Roger Road WRF would require a significant investment in rehabilitation. From detailed surveys
significant rehabilitation is required for some process units to remain in long term service, and equipment
and structures replacement is needed for some elements that are reaching the end of their useful service
life.

The biological nutrient removal activated sludge (BNRAS) portion of the Ina Road WRF is new
(operations started up in the 2006) and is in excellent physical and operating condition. However, the
high-purity oxygen (HPO) system which is an older part of the plant has signs of aging in the structures
and equipment, particularly the HPO Reactors. In addition, the high purity oxygen system is not
compatible with modern, efficient multi-staged nutrient removal systems. Furthermore, the HPO reactor
configuration and size is unsuitable for retrofitting to ammonia and nitrogen removal service. Moreover,
save the HPO Reactors, the facilities at Ina Road are readily adaptable with some modifications and
upgrades to the process needs of the future.

Overall Treatment Strategy

The overall treatment strategy for the Pima County Regional Optimization Master Plan addresses two
primary issues, process selection and wastewater management. To address the first issue, the best process
to meet current regulatory requirements as well as probable future regulatory requirements was selected.
To address the second issue, a wastewater management configuration was selected to determine how
much flow will be treated at Roger Road WRF and how much flow will be treated at Ina Road WRF.

Due to expected stringent effluent requirements and effluent reuse requirements, a high degree of
treatment is required. To meet the effluent goals, a combination of biological nitrogen removal processes
and, if required by future ADEQ regulations, biological phosphorus (Bio-P) removal was found to be the
most cost effective. A review of biological nutrient removal (BNR) processes for nitrogen and
phosphorus removal included in-depth considerations and evaluations of four processes: Bardenpho,
Modified Ludzack-Ettinger (MLE), Integrated Fixed-Film Activated Sludge (IFAS), and Bio-
Towers/Nitrifying Activated Sludge (BT/NAS). After consideration of a wide range of issues and
combinations, the Bardenpho process was determined as the most reliable and cost effective process for
both treatment plants.

Three options for dividing the projected year 2030 flow of 82 mgd between the treatment plants were
selected for analysis including: 32 mgd to Roger Road WRF and 50 mgd to Ina Road WRF, 20 mgd to
Roger Road WRF and 62 mgd to Ina Road WRF, and all 82 mgd to Ina Road WRF. Wastewater
characteristics were determined based on the information contained in the 2004 — 2005 GPS-X modeling
and a special testing program. Future loadings were predicated on water conservation and included
consideration of the loadings from recycle flows from expected future biosolids operations.

Using the Bardenpho process, flow split options were compared using technical and economic criteria.
The flow-split option of 32 mgd to Roger Road WRF and 50 mgd to Ina Road WRF was determined as
the most cost effective option. Rehabilitating and modifying the aging Roger Road WRF involves cost
uncertainties. In addition there are risks in operating the plant in compliance with regulatory permit
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requirements while adhering to the regulated implementation schedule to convert the process. Thus,
constructing a new Water Reclamation Campus (WRC) was determined to be the most favorable option
for the Roger Road facility.

Biosolids

Current biosolids processing practices and future alternatives for complying with federal biosolids
regulations were evaluated and recommendations for PCRWRD’s future biosolids processing and
disposal methods are provided. The overall goal of these evaluations is to provide a road map for
biosolids processing and handling that will allow the County to continue with cost effective biosolids
disposal and reuse options through the 25-year planning period.

The future biosolids management plan needs to be flexible and adaptable to changes in the reuse or
disposal markets. Federal regulations define two levels of biosolids which are produced by various

processing methods: Class B (the current level produced by PCRWRD) biosolids can be applied to

agricultural lands and to other restricted uses, and Class A biosolids, which requires more extensive
processing, can be beneficially reused with few restrictions.

The County is currently utilizing land application through a local contractor to reuse biosolids. This
option appears to be viable through the planning period. However, there is concern that most of the
agricultural lands for biosolids application in close proximity of the plants are controlled by a single
contractor, and therefore controls the market and price of biosolids disposal; or that the agricultural land
is disappearing because of population growth in the County.

A market that shows promise is a dry Class A biosolids product for mine reclamation. A current
University of Arizona project utilizing Green Valley WRF biosolids for reclamation at the Asarco
Mission Mine has been successful. This market should be investigated further as there are a number of
mines located in Arizona, many in the southern region of Pima County. This disposal option may be
most applicable to the non-metro regional facilities.

Although the current biosolids disposal strategy is cost effective, it is one dimensional. An extensive
market study is required to provide PCRWRD with a flexible, multi-dimensional long-term disposal or
reuse strategy. The market assessment needs to address long-term biosolids management, most notably to
determine the demand for a Class A, or Class B product or both; identify multiple biosolids disposal
options and outlets; and determine if processing on a sub-regional scale, as well as regional scale is
viable.

Conveyance System Evaluation

In 2003 PCRWRD commissioned a conveyance system condition assessment. This was part of
PCRWRD’s on-going asset management program to evaluate about 230 miles of trunk and interceptor
sewers. Results of the assessment discovered sewer segments in need of rehabilitation/replacement in the
Aviation Corridor, Canada del Oro, Old Nogales Highway, Pantano, Santa Cruz, South Rillito, Southwest
and Tanque Verde Interceptors; as well as over 3,000 manholes, several siphon boxes and many of the lift
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station wet-wells, which exhibited hydrogen sulfide corrosion. PCRWRD has an active program to
address these issues.

In the very near future the Roger Road WRF will have insufficient capacity to accommodate additional
flows generated by population growth in its service area. Therefore a major element of the conveyance
evaluation was a detailed analysis of transferring flows from the Roger Road WRF to the Ina Road WRF.
Three routing alternatives were considered. In the recommended least cost option, the plant interconnect
pipeline parallels the existing sludge force main route from the Roger Road WRF to the Ina Road WRF.
The major wastewater treatment facilities’ locations, the metropolitan Tucson service basin areas, and the
projected future treatment and conveyance system capacities are shown on Figure ES-2.

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

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

Recommended Treatment Plan

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

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

Legend:

1. Existing Warehouse 15. Existing Chlorination Buildings

2. Existing Administration Building 16. Existing Digesters

3. Existing Primary Clarifiers 17. New Digesters

4. Existing Blower Building 18. Existing Sludge Thickeners

5. New Primary Clarifiers 19. Existing Vacuum Filtration Building
6. New Aeration Tanks 20. Existing Activated Sludge Reactor
7. Existing Aeration Tanks 21. Existing Oxygen Production

8. New Sludge Thickeners 22. Existing Centrifuge Building

9. Existing Secondary Clarifiers 23. Extension to Centrifuge Building

10. New Secondary Clarifier 24. New GBT Thickening Building

11. Existing Headworks 25. Existing Sludge Storage Basin

12. Existing Chlorine Contact Basin 26. New Disinfection Facilities

13. Existing Energy Recovery Building 27. Pima County Industrial Waste Offices
14. Existing Training Center 28. Tucson Water Facilities (not shown)
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A new gravity plant interconnect pipeline (Santa Cruz Interceptor Phase 1V) will be constructed between
the two plants to transport raw wastewater from the Roger Road WRF service area to the Ina Road WRF.
The existing sludge force main between the plants will continue to serve the facilities. A new effluent
force main and pump station facility will be constructed by Tucson Water to transport treated effluent
from the Roger Road facilities to existing water reclamation facilities to meet the City of Tucson’s reuse
water demand. At Ina Road WRF, Tucson Water will construct a new effluent pump station, force main
and other facilities to provide additional treatment prior to distribution of reclaimed water to their existing
reclaimed water service distribution system.

Population densities in the metropolitan areas located within close proximity to both treatment plants are
expected to increase by the year 2030. A 350-foot buffer zone, required by ADEQ, for odor and noise
control will be maintained between the treatment facilities and the property lines.

Non-Metro Treatment Overview and Strategic Management Plan

Non-metro wastewater reclamation facilities serve the wastewater treatment needs outside the
metropolitan Tucson region. The non-metro service areas are experiencing rapid population growth. This
growth is forecast to continue, thereby increasing flow into PCRWRD’s non-metro conveyance and
treatment systems. Therefore a strategy to treat current and projected future wastewater flows at the non-
metro wastewater reclamation facilities was developed.

Existing non-metro wastewater treatment works were constructed to meet wastewater treatment demands
of small housing and community developments. At the time of their construction, forwarding flow for
treatment at the Roger Road WRF or Ina Road WRF was not an optimal solution because it would have
required long stretches of conveyance structures transporting relatively low flows to serve a few
customers. Also, as constructed the treatment technologies differ from facility to facility, but were
usually relatively simple wastewater treatment systems permitted by ADEQ. As populations in the non-
metro areas grow and wastewater flow increases, PCRWRD is required by ADEQ to reduce nutrient
concentrations in the plant effluent. Thus, the wastewater treatment technologies at the non-metro
facilities will need to be expanded or upgraded or both with a significant amount of capital investment.

The current and planned activities for each of PCRWRD’s non-metro WRFs were evaluated. Five of the
non-metro areas were identified to have significant growth. Projected future flows at each of these
facilities are as shown in Table ES-1. The capacity of the existing facilities will be expanded to meet the
projected increases in flows. A new Southland WRF will be required to meet the wastewater treatment
requirements of that non-metro area.
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TableES -1
2030 Non-metro Facility Projected Flow

_ Facility Location LProjected 2030 Flow (mgd) |

Avra Valley WRF 3.0
Corona de Tucson WRF 2.1
Green Valley WRF 4.4
Marana WRF 4.4
Southlands WRF 10.5

CIP Elements

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

CIP Phasing and Cost Schedule

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

Implementation Plan

Specific costs for required wastewater facilities and systems, and project phasing are integrated into
PCRWRD’s overall CIP to form the critical elements of the implementation plan. Phasing of the projects
to meet the regulatory and growth needs of the community is required across the 25-year planning
horizon. Some projects are immediate, such as the plant interconnect pipeline. Other projects will be
delayed, such as the demolition of the existing Roger Road facilities, which cannot occur until the new
Roger Road WRC is constructed and in service. The project timeline for completion of the new WRC
and expansion and upgrades at Ina Road WRF to meet the ADEQ mandated reduction of ammonia
toxicity requirements, as written in the ADEQ issued operating permits of the plants, are January 2015
and January 2014, respectively is shown in Figure ES-5
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Figure ES -5
Project Compliance Timeline
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pg/L Micrograms per Liter
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BOD Biochemical Oxygen Demand

BODs 5-day Biochemical Oxygen Demand
BOO Build/Own/Operate

BOOL Build/Own/Operate/Lease

BOOT Build/Own/Operate/Transfer
BT/NAS Biotowers/Nitrifying Activated Sludge
CAB Capital Appreciation Bond

CAP Central Arizona Project

CASS Central Arizona Salinity Study

CCTV Closed Circuit Television

CDO Canada Del Oro

CDhuU Chemical Dosing Unit

CEP Conservation Effluent Pool

cf Cubic Feet

CFR Code of Federal Register

cfs Cubic Feet per Second

CFU Colony Forming Units

Chem-P Chemical Phosphorus

CHP Combined Heat & Power

CIP Capital Improvement Program

Cl, Chlorine

CMAR Construction-Manager-At-Risk
CMOM Capacity, Management, Operation and Maintenance
CO Carbon Monoxide

COD Chemical Oxygen Demand

COoP Certificates of Participation

CRRPS Continental Ranch Regional Pump Station
CrVi Chromium — Valence 6

CRWWPS Continental Ranch Wastewater Pumping Station
CTP Central Treatment Plant

Cu Copper

CwW Campbell Wash

d/D Depth to Diameter Ratio

DAF Dissolved Air Flotation
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D/B Design/Build
D-B-B Design-Bid-Build
D/B/O Design/Build/Operate
DEM Digital Elevation Map
DEQ Department of Environmental Quality
DHI Danish Hydraulic Institute
DI Deionized
DO Dissolved Oxygen
DPF Daily Peak Flow
DUPF Diurnal Peaking Factor
DWP Dewatering Pump
E. coli Escherichia coli
e.g. Exempli Gratia
EMS Environmental Management System
ENR Engineering News Record
EPA Environmental Protection Agency
EQ Equalization
etc. Et Cetera
FASL Feet Above Sea Level
FEP Facultative/Evaporation Pond
fps Feet per Second
GAN Grant Anticipation Note
GBT Gravity Belt Thickener
GDC Generator Distribution Center
GIS Geographic Information System
GMP Guaranteed Maximum Price
gpcd Gallons per Capita per Day
gpd Gallons per Day
GT Gravity Thickener
GV Green Valley
H,S Hydrogen Sulfide
HAA Haloacetic Acid
HAMP Houghton Area Master Plan
HAP Hazardous (halogenated) Air Pollution
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HDPE High-Density Polyethylene

HEX Heat Exhaust

hp Horsepower

HPF Hourly Peak Flow

HPO High Purity Oxygen

hr Hour(s)

HRT Hydraulic Retention Time

HVAC Heating, Ventilation, Air Conditioning
Hw Hot Water

Hwy Highway

1&C Instrumentation and Control

ie. Id Est

I/l Infiltration/Inflow

I/0 Input/Output

[-10 Interstate 10

IC Internal Combustion

IFAS Integrated Fixed Film Activated Sludge
IGA Intergovernmental Agreement

in Inch(es)

[e]V] Investor-Owned Water Utilities

IR Ina Road

IRS Internal Revenue Service

IT Information Technology

kv Kilovolt

kVA Kilo-Volt Ampere

kw Kilowatt

kWh Kilowatthour

Ibs Pound

LOX Liquid Oxygen

LSCRMRP Lower Santa Cruz River Managed
MACT Maximum Achievable Control Technology
MBBR Moving Bed Bioreactor

MBH 1,000 BTUs/hour
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MBR Membrane Bioreactor

MCC Motor Control Center

MCRT Mean Cell Retention Time

MG Million Gallons

mg/L Milligrams per Liter

mgd Million Gallons per Day

MH Manhole

mL Milliliter

MLE Modified Ludzack-Ettinger

MLSS Mixed Liquor Suspended Solids
MPC Municipal Property Corporation
MPF Monthly Peak Flow

MPN Most Probable Number

NASSCO National Association of Sewer Service Companies
ND Non Detect

NdeN Nitrification-Denitrification

NDMA N-nitrosodiumdimethylamine
NEMA National Electrical Manufacturer’s Association
ng/L Nano-Grams per Liter

NH,4-N Ammonium as Nitrogen

Nitrate-N Nitrate as Nitrogen

NO; Nitrate

NOI Notice of Intent

NOy Nitrogen Oxide

NPDES National Pollutant Discharge Elimination System
NRI North Rillito Interceptor

NRI North Rillito Interceptor

NTU Nephelometric Turbidity Unit
NWO Northwest Outfall

O&M Operations and Maintenance
ORP Oxidation Reduction Potential
PAB private Activity Bonds

PAG Pima Association of Governments
Pb Lead
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Partial Body Contact

PCB Polychlorinated Biphenyls

PCRFCD Pima County Regional Flood Control District
PCWMD Pima County Wastewater Management Department
PE Population Equivalent

PF Peaking Factor

PFow Dry Weather Peaking Factor

PFRP Process to Further Reduce Pathogens
PFww Wet Weather Peaking Factor

pH Measure of Acidity and Alkalinity

PLC Programmable Logic Controller

PM10 Particulate Matter less than Nanometers
POC Point of Compliance

PONT Pontatoc Wash

Ppb Parts per Billion

ppbv Parts per Billion by Volume

ppm Parts per Million

PQL Practical Quantitation Level

PSA Pressure Swing Absorption

psig Pounds per Square Inch

PSP Primary Sludge Pump

PSRP Process to Significantly Reduce Pathogens
PTI Pantano Interceptor

PW Present Worth

Qs0% Median Peak Daily Flow

QA/QC Quality Assurance and Quality Control
QaoF Average Daily Dry Weather Flow
R.O.W. Right of Way

RAN Revenue Anticipation Notes

RAS Return Activated Sludge

REC Recognized Environmental Condition
RFEI Request for Expression of Interest
ROMP Regional Optimization Master Plan

rpm Revolutions per Minute
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Abbreviation / Acronym Meaning
RR Roger Road
RTU Remote Terminal Unit
SAR Specific Absorption Rate
SAT Soil Aquifer Treatment
SAWRSA Southern Arizona Water Rights Settlement Act
sBODs Soluble 5-day Biochemical Oxygen Demand
SCADA Supervisor Control and Data Acquisition
SCC Santa Cruz Central Interceptor
SCE Santa Cruz-East Interceptor
scfm Standard Cubic Feet per Minute
SCI Santa Cruz Interceptor
SDCP Sonoran Desert Conservation Plan
SEI Southeast Interceptor
sf Square Feet
SOy Sulfur Oxides
SRC South Rillito Interceptor-Central
SRF State Revolving Loan Fund
SRI South Rillito Interceptor
SROG Subregional Operating Group
SRT Sludge Retention Time
SRWC South Rillito Interceptor-West, Central Line
SRWN South Rillito Interceptor-West, North Line
SRWS South Rillito Interceptor-West, South Line
SSO Sanitary Sewer Overflow
SWi Southwest Interceptor
SWIP Southwest Infrastructure Plan
TAN Tax Anticipation Notes
TAZ Traffic Analysis Zone
TCLP Toxicity Characteristics Leachate Procedure
TDS Total Dissolved Solids
TEP Tucson Electric Power
THM Trihalomethane
TKN Total Kjeldahl Nitrogen
TN Total Nitrogen
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Total Organic Carbon

TP Total Phosphorus

TPAD Temperature Phased Anaerobic Digestion
tpd Tons per Day

TPU Third Party Use

TRAN Tax and Revenue Anticipation Note

TSS Total Suspended Solids

TUCDIV Tucson Boulevard Diversion

TVSS Transient Voltage Surge Suppression
UCMR Unregulated Contaminant Monitoring Rule
USEPA United States Environmental Protection Agency
USFS United States Forest Service

uv Ultraviolet

\% Volt

VA Vulnerability Assessment

VFD Variable Frequency Drive

VOC Volatile Organic Carbon

VRDO Variable Tax-Exempt Debt

VSS Volatile Suspended Solids

WAS Waste Activated Sludge

WERF Water Environment Research Foundation
WET Whole Effluent Toxicity

WF Weighting Factor

WIFA Water Infrastructure Finance Authority
WPCF Water Pollution Control Facility

WRC Reclamation Campus

WRF Water Reclamation Facility

WWTF Wastewater Treatment Facility

WWTP Wastewater Treatment Plant
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Chapter 1 - Introduction

The Pima County Regional Wastewater Reclamation Department (PCRWRD) commissioned the
development of a master plan to identify the optimal strategy for the treatment of current and projected
future wastewater flows to the Roger Road Wastewater Reclamation Facility (WRF) and the Ina Road
WRF. Most importantly, the plan addresses the current and future regulatory requirements of the Arizona
Department of Environmental Quality (ADEQ) to reduce the ammonia and nitrogen concentrations
discharged into the Santa Cruz River by the year 2014 for the Ina Road WRF and the year 2015 for Roger
Road WRF.

PCRWRD owns and operates two major wastewater reclamation facilities and a smaller wastewater
reclamation facility in the metropolitan (Metro) area of Tucson, and manages a sewerage conveyance
system that includes over 3,300 miles of sewer pipes, 66,000 manholes and 34 lift stations. Further, the
County owns and operates eight (8) Non-Metropolitan (Non-Metro) wastewater reclamation facilities in
areas of rapidly growing populations. The Non-Metro facilities were evaluated in the master plan for
regulatory compliance, system performance and for consolidation or expansion to meet the future needs
of the County. In addition, the County through the master planning activities sought to optimize current
and future biosolids treatment and disposal as it relates to its wastewater treatment facilities.

In parallel to the master plan activities PCRWRD commissioned a system-wide odor control plan
development to address the long lingering issues of wastewater infrastructure induced odors in the
community. The odor control plan addresses the current and future needs for odor control, optimizes the
operations of systems utilized for odor control and identifies future odor control system needs. Results of
the system-wide odor control plan are incorporated into various project elements of the master plan.

1.1  Purpose of Study

The master plan purpose is twofold. First is to determine an optimal strategy for long-term flow/capacity
management, recommend a treatment strategy for the increasing quantities of pollutants as wastewater
flows increase in the future, identify existing facility rehabilitation needs, optimize solids handling and
address the optimal methods to provide reclaimed water. Second is to develop a coordinated Capital
Improvement Design and Construction Program, including estimates of construction costs, schedules and
a recommended project delivery and funding strategy for implementation of resulting projects from the
master plan development. These resulting projects are to be integrated into the overall PCRWRD Capital
Improvement Program (CIP). As necessary, hydraulic and process modeling were used in the evaluation
of alternatives.

PCRWRD recognizes the value of long-range planning in making timely, cost effective decisions. To
that end, PCRWRD retained Greeley and Hansen LLC to create a master plan for future wastewater
treatment in the PCRWRD service area. The master plan serves as a broad road map to the future
activities. It identifies potential pathways, as well as obstacles to the implementation of PCRWRD’s CIP.
Through a detailed evaluation process, the best option is identified and selected for implementation,
without precluding changes in direction that may be prompted by future needs. This master plan forecast
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needs for wastewater treatment capacity throughout the PCRWRD service area, and identified the
facilities required to meet those needs through the year 2030. The master plan builds upon numerous
planning and engineering efforts previously performed for or by the PCRWRD. The plan identifies when
wastewater treatment facilities will be upgraded and expanded, as well as how existing facilities will be
integrated into future expansions or be decommissioned through the year 2030. The plan is based on
current and potential future regulatory and PCRWRD customer requirements.

The plan recommends a comprehensive CIP with treatment component and system alternatives, phasing
schedules and cost apportionments for future implementation of PCRWRD wastewater facilities needs. A
series of facilitated workshops (consisting of PCRWRD staff, consultants and other stakeholders) were
conducted to implement this study. The workshops were central to the decision making process for the
development of the master plan. Key PCRWRD decisions were developed through a consensus process
in facilitated workshops. The workshop summaries and presentations are provided on a CD, located in
Appendix A. As the master plan developed, concurrent efforts focused on Strategy Development and
CIP Development. The project elements associated with each of these efforts were:

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

B Capital Improvement Plan Development
—  CIP Elements Identification and Economic/Financial Analysis
—  CIP Delivery Methods Determination
-~ CIP Phasing and Cost Schedules Preparation
— Implementation Plan Development

1.2 General Background

Roger Road Wastewater Reclamation Facility (WRF)

The Roger Road WREF is the older of the two major metropolitan wastewater treatment facilities. It is a
combination of several expansions and has a permitted capacity of 41 million gallons per day (mgd).
Currently the average winter influent flow (peak season) is approximately 39.7 mgd. The facility is
located at 2600 W. Sweetwater Drive, Tucson, Arizona 85705, just north of Prince Road between
Interstate 10 and the Santa Cruz River. The Roger Road WRF was first operated in 1951 as a 12-mgd
activated sludge facility and was expanded with a separate 13-mgd trickling filter plant in 1960. A
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13-mgd activated sludge/contact stabilization facility was added in 1967. In 1979 the facility was
consolidated into a single facility with the major biological treatment process consisting of two, 165-foot
diameter by 26-foot deep, plastic media biofilters with return activated sludge capability. This increased
the rated capacity to 41 mgd. The facility is required to continuously meet secondary treatment limits as
set forth by ADEQ.

By-products (sludge) of wastewater treatment are thickened and anaerobically digested on site. Digested
sludge meeting Class B biosolids criteria for agricultural land application disposal are conveyed via force
main to the Ina Road WRF, where it is combined with digested biosolids from the Ina Road WRF. After
thickening and dewatering biosolids are hauled and applied to agricultural land as a beneficial reuse soil
amendment.

As flow and influent loadings have increased at the facility, the activated sludge tanks have been placed
into continuous service. Prior to the late 1980s, the activated sludge tanks were used only during the
winter months when the reaction rates slowed in the biofilters due to lower temperatures and higher
influent loadings.

Before the effluent is released to the Santa Cruz River, a portion of the flow is pumped to reclaimed water
treatment facilities owned and operated by Tucson Water. The reclaimed water facilities are located on
the east side and adjacent to the Roger Road WRF. Flow to the reclaimed water facilities receives further
treatment prior to distribution to reclaimed water users through an extensive regional pipeline distribution
network.

For the Roger Road WRF process modifications and changes are required to lower ammonia and total
nitrogen discharge levels to meet future effluent quality regulations. At a minimum, rehabilitation is
needed to repair process units, replace equipment and structures that are beyond useful service life,
address odor control and safety issues, and upgrade the facility to be compliant with environmental,
regulatory, and building code requirements. An alternative to rehabilitating the aging Roger Road WRF
is to replace the existing WRF. As the assessment of current conditions and systems were evaluated for
the Roger Road WRF, consideration was given to the operational relationship between the Randolph Park
Water Reclamation Facility (WRF) and the Ina Road WRF. Currently the Randolph Park WRF has a
capacity of 3 mgd.

Ina Road WRF

The original Ina Road WRF was designed in 1973 and constructed from 1975 to 1977. The facility is
located at 7101 North Casa Grande Highway, Tucson, Arizona 85743, just south of Ina Road, between
Interstate 10 and the Santa Cruz River. The facility was designed to produce a treated effluent meeting
secondary treatment quality requirements as set forth by ADEQ.. The original treatment plant uses a 25-
mgd high-purity oxygen (HPO) Activated Sludge Process, sludge digestion and centrifuge thickening/
dewatering for solids handling and processing (to meet Class B biosolids agricultural land application
disposal criteria), and a combined energy-recovery system for heating, cooling and on-site generation of
electrical power. The energy-recovery system uses methane generated as a by-product of the solids
treatment process. Modifications to the original design to enhance equipment performance and reliability
were completed in 1990.
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The headworks serving this facility, along with appropriate odor control facilities, were recently expanded
to a capacity of 50 mgd. A Biological Nutrient Removal Activated Sludge (BNRAS) treatment works
with a design capacity of 12.5 mgd was placed in service at the end of 2006. Effluent from the 25-mgd
HPO treatment process and the 12.5-mgd BNRAS treatment process are combined prior to
chlorination/de-chlorination disinfection and discharged into the Santa Cruz River. Current average
winter influent flow (peak season) is approximately 23.8 mgd.

Process modifications/changes will be required to lower the ammonia and total nitrogen discharge levels to
meet new discharge standards. Rehabilitation is needed to replace some equipment and upgrades are
necessary for the facility to be compliant with future environmental, regulatory, and building code
requirements. Other needed modifications include back-up power provisions, expanded plant laboratory
facilities, improved personnel areas and a centralized laboratory facility.

1.3  Strategy Development

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

The following options were evaluated as part of the master plan.

1. “Existing Plan” option was for both plants to continue operating with Roger Road WRF at a
somewhat reduced capacity (32 mgd) and Ina Road WREF at an increased capacity (50 mgd).
Evaluations included characterization and projection of sewage strength, projected flows,
optimization of plant operations, and value and worth of existing structures and systems.

2. Maintain a smaller wastewater treatment facility at the Roger Road WRF (20 mgd) to continue to
provide effluent to the adjacent Tucson Reclaimed Water Treatment Plant, and direct the remainder of
the influent flows and solids to the Ina Road WRF.

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

“Existing Plan”

The plan under the Department’s 2006 Metropolitan Area Facility Plan Update (Existing Plan) was to
complete the necessary rehabilitation and process optimization at both facilities, construct the required
process changes to meet the effluent limits for nutrient removal, incorporate enhanced odor control
facilities at the Roger Road WRF and the Ina Road WRF, transfer all biosolids processing to Ina Road
WRF, via a modified sludge line, develop a centralized biosolids processing facility with a potential to
produce a Class A biosolids, and add a 28-mgd (average dry weather) gravity flow interconnect pipeline
between the two facilities. A sub-option for additional consideration is to build a new water reclamation
campus (WRC) to serve Roger Road WRF flows and abandon the existing facility.

Under this option and in the others below, water rights to the effluent are addressed in existing
intergovernmental agreements among the City of Tucson (Tucson Water), the Conservation Effluent Pool
(CEP), Southern Arizona Water Rights Settlement Act (SAWRSA), Pima County, and other reclaimed
water owners.

“Transfer Some” Wastewater Flow, Leaving a Portion for Reclaimed Use

Based on economics or other issues such as reclaimed water use a smaller treatment facility at the Roger
Road WRF (20 mgd) may be desirable, while directing the majority of the flows to the Ina Road WRF
(62 mgd). Under this option some of the existing facilities would be modified to treat only a portion of
the flow in the service basin area, while directing all wastewater process solids (primary solids, and waste
activated sludge) along with the remainder of the plant influent to the Ina Road WRF. This would allow
shutdown of a large portion of the facilities presently located at the Roger Road WRF, and reduce
operations and maintenance expenses at this facility. A sub-option is to build a new facility to serve
Roger Road WREF at reduced flows and abandoned the existing facility.

“Transfer All” Wastewater Flows to Ina Road WRF

In this option, all wastewater (82 mgd) is directed by gravity flow from the Roger Road WREF to the Ina
Road WRF. The two facilities are approximately 5 miles apart, and the Roger Road WRF is located at a
point approximately 75 feet higher in elevation than the Ina Road WRF. The transfer of flows could be
achieved by a gravity flow pipeline. Significant plant expansion and process modifications at the Ina
Road WRF would be required to accommodate the additional flows. All flows will need to meet the
effluent limits for nutrient removal. This option would eliminate the treatment plant age and related odor
issues at the Roger Road WRF.

Biosolids

Environmental Protection Agency (EPA) Part 503 Regulations lists various methods and approaches to
achieve a Class B or Class A biosolids. Each option considered in the master plan includes the potential
of processing biosolids to Class A. Consolidation of the biosolids processing and treatment centralizes
operations, minimizes operations and maintenance expenses and enhances third party interest in biosolids
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disposal. Furthermore, expanding the county-wide biosolids disposal market by securing additional
disposal outlets are needed to provide a robust long term biosolids management program. Disposal
practices of the biosolids generated from the wastewater facilities and a preliminary evaluation for
producing marketable end products was conducted. In all cases obtaining Class A biosolids involves
reducing vector attraction and pathogens through additional process treatment.

Further, each of the options addressed associated conveyance system modifications and the impact of
reduced discharges from the Roger Road WRF on the Santa Cruz River riparian habitats.

Permits

The Roger Road WRF and Ina Road WRF operate under Arizona Pollution Discharge Elimination
System (AZPDES) permit numbers AZ0020923 and AZ0020001, respectively, issued by the ADEQ.
ADEQ operates the AZPDES program under a delegation agreement with U.S. EPA. Pursuant to state
law, ADEQ also issues permits under a state-wide aquifer protection permit (APP) program. The Roger
Road WRF and Ina Road WRF operate under APP permit numbers P-100655 and P-100630, respectively.

Compliance with permitting requirements for each of the options, including plant upgrades to either Class
B+ or Class A+ reclaimed water and land setback requirements are part of the master plan program.
Permits that regulate wastewater treatment systems and effluent quality include:

National Pollutant Discharge Elimination System (NPDES)/AZPDES permits

Aquifer Protection Permit (APP)

Arizona (State) Surface Water Quality Standards

State Reclaimed Water Quality Standards

State Aquifer Water Quality Standards

State Rule 2.05 General Permit: Capacity, Management, Operation and Maintenance of a
Sewerage Collection System

For effluent disinfection the County facilities will need to meet Best Available Demonstrated Control
Technology (BADCT) requirements in future expansions and upgrades. For planning purposes
consideration is given to the status of regulations of emerging contaminants.

Flow Projection and Capacity Needs

Expected future flows and wastewater loads for the Pima County wastewater service areas were
developed from population projections prepared by the Pima Association of Governments (PAG). In
particular, the overall conveyance system capacity needs within and between the service basin areas of
Roger Road WRF and Ina Road WRF through the year 2030 were evaluated. In addition, the population
projections were utilized to project flow, loads, and capacity needs in the Non-Metro areas (areas beyond
the Roger Road WRF and Ina Road WREF service basin areas).

Wastewater Treatment Process

Alternative treatment schemes for the removal of chronic toxicity caused by ammonia are evaluated to
achieve the reduction of the amounts of ammonia and nitrogen concentrations discharged into the Santa
Cruz River to comply with current and future environmental regulatory requirements. Detailed outlines

1-6

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



Pima County Regional Wastewater Reclamation Department
Tucson, Arizona

Pima County Regional Optimization Master Plan

Regional Optimization Master Plan
Final Report
Chapter 1 - Introduction

of the treatment facilities expansion, rehabilitation and nutrient removal process changes for future permit
compliance are identified. Site layouts, including future setback requirements, and opinions of probable
construction and O&M costs were identified for the most promising nutrient removal processes.

Expansion options include considerations for the production of Class B+ and the possibility of the
production of Class A+ effluent water quality, to meet the nutrient effluent limits. For Roger Road WRF
a determination of the facility closure requirements as required by the options, as well as, facility needs to
allow the plant to remaining service were examined in detail. Plans showing processes remaining, as well
as those that would be eliminated, and other modifications required to allow the plant to operate were
developed

Plant Interconnect

Each of the alternatives involves a transfer of some flow from the Roger Road WRF service basin area to
the Ina Road WRF. Capacities of the flow management structures between service basin areas and a new
plant interconnect between the two plants were evaluated. Sizing of the plant interconnect, based on
gravity flow, was developed for each option. Flow requirements were determined from existing and
future populations served, flow allocation per capita and from the wet weather response in the conveyance
system. Preliminary routing alignments were prepared to investigate various planning and design issues
related to each alternative route.

Power Generation

Evaluation of the bio-gas utilization for engine driven equipment and power generation facilities at Roger
Road WRF and Ina Road WRF was conducted. The advantages and disadvantages of onsite bio-gas
utilization for engine driven equipment and power generation versus purchased power from the local
utility were evaluated. Consideration was given to the costs of having power available from the local
power utility in the event that onsite power outage occurs. For Roger Road WRF and Ina Road WRF a
decision by Pima County is required to either continue the practice of bio-gas utilization for engine driven
equipment and power generation onsite, or to purchase power from a local utility and to utilize bio-gas for
heating and cooling functions, or to sell all bio-gas to a third party for commercial use. Through an
expression of interest process Pima County invited the marketplace to address the potential of third party
operations of its power utility or utilization of the biogas.

System-Wide Odor Control Plan

Odor abatement and control across the entire system is a major issue that faces the department as many
odiferous compounds, primarily hydrogen sulfide, are generated from the conveyance and treatment of
sewage. With respect to the sewerage conveyance system within the Tucson metropolitan area,
wastewater generally flows from southeast to the northwest. Because both major treatment plants are
located on the northwest side of Tucson, a portion of the wastewater travel time can exceed 24 hours.
Over such long distances most of the oxygen available within the wastewater is depleted along the way.
In turn, any sulfates present are reduced to sulfides, and hydrogen sulfide is generated.

The Department owns and operates chemical dosing units (CDUSs) and one biofilter within the
conveyance system to minimize the generation and emission of hydrogen sulfide gas. With continuing
metro area in-fill development and growth in the Non-Metro areas the number of odor complaints is likely
to increase unless additional efforts are taken to mitigate this issue across the system. Therefore, a
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comprehensive, system-wide evaluation of the conveyance systems and treatment facilities to review the
odor control strategies/efforts, industry technologies available for the control of odors, and development
and generation of a comprehensive overall strategy for odor was commissioned by PCRWRD.

The odor control and abatement recommendations will provide for an integrated system-wide odor
abatement strategy. Instead of focusing on the sewage conveyance system or on the treatment plant, odor
control for the entire system will operate as a single unit process. In other words, the recommendations
will ensure that odor control for the sewage conveyance system will work in concert with those used for
the treatment facilities. Additionally, recommendations for odor control within the conveyance system
will not adversely impact treatment operations. The recommendations for the conveyance system and
treatment plants are included within the recommendations for the regional optimization master plan.

ADEQ Letter of Intent

The AZPDES operating permits for the Roger Road WRF and Ina Road WRF require the facilities to
comply with ammonia removal standards by January 30, 2015 and January 30, 2014, respectively. The
ammonia removal requirements are the impetus for the master planning process. In January 2007
PCRWRD submitted letters to ADEQ describing its intention to meet the proposed permit requirements
for ammonia and total nitrogen at Roger Road WRF and Ina Road WRF. Using the information and data
developed from the master plan studies and investigations, the correspondence identified the capacity and
probable treatment approach at each site. .

14 Capital Improvement Plan Development

All of the Department’s capital costs, including project costs recommended from this master plan, are
evaluated in a 15-year CIP. Funding sources were identified as part of a Baseline Financing Plan that
used traditional public financing vehicles including revenue bonds, connection charges, and revenue
financed capital. A projection of operating and maintenance costs was developed that considered the
effects of inflation, increased operating costs, increased demand, and the operational impact of the
Department’s CIP. Total revenue requirements, both operating and capital, were projected over the
forecast period to assess the potential impacts on user rates and charges.

Capital Improvement Plan
From the master plan recommendations for wastewater facilities throughout the Pima County, project
elements are identified for the capital improvement plan. The basic elements of the program are:

Ina Road WREF rehabilitation/modifications/upgrades
A new water reclamation campus

Plant interconnect pipeline

Support facilities

Conveyance system augmentation

Non-Metro area treatment facilities

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

2.1  Introduction

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

This chapter reviews current regulatory and customer requirements regarding wastewater treatment
facility design and level of treatment as they relate to Pima County.

2.2 Wastewater Conveyance / Treatment

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

2.2.1  Conveyance System Capacity

In January 2001, the U.S. EPA approved draft regulation modifying the NPDES to include Sanitary
Sewer Overflow (SSO) regulations. The proposed SSO regulations included a set of requirements for
municipal wastewater collection systems, known as CMOM, for Capacity (C), Management (M),
Operation (O), and Maintenance (M).

Although the federal rule was withdrawn in March 2004 from the Federal Register, the ADEQ
implemented state CMOM rules on November 12, 2005. In accordance with the rule, if an owner or
operator of a sewage collection system wants to be covered by the new 2.05 General Permit, the owner or
operator must develop a CMOM Plan that addresses operation and maintenance, capacity improvements,
and spill response. The Plan should quantify hydraulic deficiencies in the collection system, develop
measures to assure capacity in light of deficiencies, and provide a rationale for prioritization and
scheduling. The state rule (R18-9-C305, 2.05 General Permit: Capacity, Management, Operation, and
Maintenance of a Sewage Collection System) requires specifically that the CMOM Plan identify
“components of the sewage collection system that have insufficient capacity to convey, when properly
maintained, the peak wet weather flow of a 10-year, 24-hour storm event. For those identified
components, a capital improvement plan exists for achieving sufficient wet weather flow capacity within
ten years of the effective date of permit coverage.” Pima County Regional Wastewater Reclamation
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Department (PCRWRD) obtained CMOM coverage under the 2.05 general permit on November 11,
2006.

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

Figure 2-1
Pima County Conveyance System

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

2.2.2  Treatment System Capacity

The Metropolitan Area Wastewater Reclamation Facilities are the Roger Road WRF, Ina Road WRF,
Randolph Park WRF. The other wastewater reclamation facilities are listed as Non-Metro treatment
facilities.

Roger Road WRF is a 41-mgd trickling filter and activated sludge facility. The Roger Road WRF
currently operates under an APP issued by ADEQ on May 26, 2005. The alert level for this facility is
40-mgd average monthly flow. Exceedance of the alert level for flow requires a response comparable to
exceeding alert levels for pollutants with numeric Aquifer Water Quality Standards (AWQS).

Ina Road WREF consists of a 25-mgd high purity oxygen activated sludge facility and a new 12.5-mgd
biological nutrient removal activated sludge train capable of nitrification/denitrification. The Ina Road
WREF currently operates under an APP issued by ADEQ on July 14, 2006. The alert level for this facility
is 35-mgd average monthly flow. Exceedance of the alert level for flow requires a response comparable
to exceeding alert levels for pollutants with numeric AWQS.

State code (Arizona Administrative Code, or AAC, R18-9-A211, Permit Amendments) requires a
significant permit amendment to the APP if an existing facility with a permitted design flow greater
than 5 million gallons per day but less than or equal to 50 million gallons per day undergoes a physical
change or change in its method of operation that results in an increase in design flow of four percent or
more. Expansion at the Ina Road WRF will meet this criterion, and Best Available Demonstrated
Control Technology (BADCT) rules for pathogen removal applies according to “the part of the facility
that has not been required to conform to BADCT requirements for new facilities, if a facility or part of
a facility has undergone or will undergo” any such change (AAC R-18-9-B206, Treatment Performance
Requirements for Expansion of a Permitted Facility). The impact of BADCT requirements are
discussed in more detail in Chapter 2.4.

The Non-Metro facilities consist of small capacity plants located throughout eastern Pima County,
including Avra Valley WRF, Corona de Tucson WRF, Fairgrounds WRF, Green Valley WRF, Marana
WREF, Rillito Vista WRF, Arivaca Junction WRF and Mt. Lemmon WRF. Population growth is of great
concern at these facilities as treatment capacities currently range from less than 0.01 mgd to 4.1 mgd.
The Non-Metro facilities are discussed in detail in Chapter 8.
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2.3 System Condition Assessment

Existing condition assessments of the liquid and solid streams; unit processes; structural; electrical;
instrumentation and control (1&C); heating, ventilation, air conditioning (HVAC)/plumbing; support
facilities; and geotechnical aspects of the Roger Road WRF and Ina Road WRF are valuable in process
and system developments. These conditions are presented in Appendix B. The evaluations aid in
drawing conclusions regarding the suitability of the facilities to stay in service at existing, greater, or
reduced capacity in the current treatment mode and in a converted nutrient removal mode.

2.3.1 Conveyance System

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

2.3.2  Roger Road WRF

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

Wastewater treatment by-products include sludge, which is thickened and digested into beneficial biosolids.
Digested biosolids are conveyed via force main to the Ina Road WRF and combined with digested biosolids
from the Ina Road WRF; where it is thickened then hauled and applied to agricultural land as a soil
amendment.

Until the late 1980s, the activated sludge tanks were used only during the winter months when the
reaction rates slowed in the biofilters due to lower temperatures and higher influent loadings. As flow
and influent loadings have increased at the facility, the activated sludge tanks have been placed into
continuous service. The facility is required to continuously meet secondary treatment limits.

In general the facility is well maintained and in satisfactory condition with a few exceptions considering
its age. The facilities, with continued good operations and maintenance practices, should provide
satisfactory service for an additional 10 years or until new facilities are brought on line. Although, the
electrical system is not serviceable for the long term without significant modifications and upgrades.
Additionally, there is a significant lack of instrumentation and control. Programmable Logic Controllers
(PLCs) and other Supervisor Control and Data Acquisition (SCADA) devices to permit remote
monitoring or operation are not available.
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A detailed evaluation of the Roger Road WRF: Structures, Equipment, Electrical and Civil are provided
in Chapter 3.

2.3.3 Ina Road WRF

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

Figure 2-3
Ina Road WRF Process Flow Diagram
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This facility is much newer than Roger Road WRF. This facility was generally rated in good condition.
Concrete and mechanical equipment appeared to be in good condition throughout. The existing
instrumentation and control system was rated as good, but appeared to be underutilized for a facility this
size. An electrical motor control center requires some attention. Any wastewater facility must
continually renew and replace components and systems to remain a viable operation. Additionally, any
modifications need to consider back-up power provisions and existing/expanded need of laboratory
facilities.
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A detailed evaluation of the Ina Road WRF is provided in Chapter 3.
24 Effluent Quality

24.1  Permit Requirements

Regulatory objectives for effluent quality are currently established by each facility’s AZPDES and APP
permits. Limits in the AZPDES permits are driven by State Surface Water Quality Standards. Limits
in the APP permits are driven by numeric State Aquifer Water Quality Standards and BADCT
requirements.

The foremost goal is to meet permit requirements for elimination of ammonia toxicity and anticipated
future total nitrogen limits at the Roger Road WRF and Ina Road WRF, determining the probable
treatment approach at each site before the January 2007 submission of a Letter of Intent to the ADEQ.
Specific Letters of Intent with capacity and wastewater treatment processes for the Roger Road WRF and
Ina Road WRF were both issued on January 26, 2007, and can be found in Appendix C. In the future,
the existing treatment system may require upgrades to meet more stringent regulatory criteria and the
demand by customers for higher quality effluent and to reduce risk. Key factors in determining future
treatment strategies include pathogen removal, salinity, contaminants of concern, future customer
requirements, and risk associated with chlorine use.

In the absence of a specific permit numeric ammonia limitation, an estimated value calculated to avoid
toxicity has been used to set the treatment objective for ammonia since the mid-1990s. The estimated
value, under 2.0 milligrams per liter (mg/L) total ammonia-nitrogen, is based upon maintaining an
effluent concentration of less than 0.02 mg/L un-ionized ammonia under worst-case conditions

(i.e., measure of acidity and alkalinity (pH) of 7.2 and temperature of 32 degrees Celsius (°C)).

Regulatory permit requirements for Roger Road WRF, Ina Road WRF, Randolph Park WRF, and the
Non-Metro facilities can be found in Appendix D,

24.2 Pathogen Removal

The AZPDES permits issued for the Roger Road WRF, Ina Road WRF, Randolph Park WRF, Avra
Valley WRF, Green Valley WRF, and Mt. Lemmon WRF include E. coli limits of 126 CFU/100 milliliter
(mL) (four of seven samples collected per week) and 576 CFU/100 mL (single-sample maximum).
Avrivaca Junction WRF, Corona de Tucson WRF, Pima County Fairgrounds WRF, and Rillito Vista WRF
do not have AZPDES permits; the NPDES permit for Marana WRF includes microbial discharge limits
that match those of its APP.

The APP permits for Roger Road WRF, Ina Road WRF, Randolph Park WRF, and Avra Valley WRF
include fecal coliform discharge limits of non-detect in four of seven samples collected per week and 23
CFU fecal coliform/100 mL or 15 CFU E. coli/100 mL (single sample maximum). The APP permit for
the Arivaca Junction WRF include fecal coliform discharge limits of 1000 CFU/100 mL (four of last
seven samples collected) and 4000 CFU/100 mL (single sample maximum). The APP permits for the
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Green Valley WRF and Marana WRF include fecal coliform discharge limits of 200 CFU/100 mL or
most probable number (MPN) (four of seven samples collected per week) and 800 CFU/100 mL or MPN
(single sample maximum).

Future expansions of the Roger Road WRF, Ina Road WRF and Non-Metro facilities may be subject to
new facility BADCT requirements (refer to AAC R18-9-A211(B)(2)(b)), which apply to the following:

B Existing facilities discharging more than 5 mgd but less than or equal to 50 mgd that have
undergone or will undergo a four percent increase in design flow

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

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

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

24.3  Salinity

Salinity, as measured by total dissolved solids (TDS), is not directly regulated by permit but is a potential
concern in meeting biomonitoring requirements and potential customer quality requirements. Indicator
microorganisms used in biomonitoring are sensitive to TDS concentrations, and TDS at a concentration of
1100 mg/L have been identified as a cause of persistent effluent toxicity to Ceriodaphnia. End uses,
including irrigation, cooling, and indirect reuse (via recharge and recovery), may ultimately require a
reduction in effluent TDS levels.

TDS in wastewater originates from a number of sources, including the water supply, urban additions (for

example, discharges from residential and commercial water softeners, residuals and brines from upstream

water and wastewater treatment plants, and cooling tower blowdown), and farming additions. Several

studies have recently been conducted or are in progress to characterize sources and impacts of salinity 22

B Central Arizona Salinity Study (CASS) — This four-year study, conducted by the Subregional
Operating Group (SROG) in partnership with the Bureau of Reclamation, as well as other Arizona
Cities (Tucson, Arizona), completed in 2005, evaluated the extent and nature of the salinity
problem and recommended corrective actions.

B West Valley Brackish Groundwater Quantification Study — This study will identify the feasibility
of supplementing current water supplies with desalinated brackish groundwater.
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B City of Phoenix Cooling Tower TDS Study **! — This study, undertaken by the City of Phoenix
and completed in 2003, characterized the salt contribution of cooling towers to the 91* Avenue
WWTP.

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

B Phoenix Area Membrane Pilot Study — This study seeks to maximize production of reverse
osmosis systems through increased recovery rates.

244 Contaminants of Concern

Emerging contaminants of concern include N-nitrosodiumdimethylamine (NDMA); pharmaceuticals,
hormones, and other organic wastewater contaminants; and unregulated contaminant monitoring rule
(UCMR)-listed pollutants.

NDMA is classified by EPA as a possible human carcinogen, and the current AZPDES permits for the
Roger Road WRF and Ina Road WRF require that it be monitored in the effluent. A potential byproduct
of chlorine disinfection, its generation is apparently enhanced by the presence of chloramines in the
wastewater #. Detection of NDMA in the effluent could drive changes in the disinfection process at the
wastewater treatment facilities. The detection limit and resulting notification limit of this contaminant is
very low; 20 nano-grams per liter (ng/L) in the state of California.

Pharmaceuticals, hormones, and other organic contaminants are not currently regulated by permit at the
wastewater treatment facilities but are of growing concern nationwide. While requirements for
photodegradation and biodegradation of pharmaceuticals have yet to be investigated, studies on emerging
contaminants are receiving funds to begin testing ultraviolet and ozone effectiveness in reducing
contaminant levels.

High levels of perchlorate can cause adverse health effects such as interference with thyroid function. As
a result, it was added to the list of unregulated chemicals for which monitoring is required under the
UCMR. Arizona’s current advisory health based guidance level for perchlorate is set at 14 ppb.

Another contaminant shown to have cancerous effects is Arsenic. The EPA has set the maximum
contaminant level for arsenic at 10 ppb.

2.45  Future Customer Requirements
2.4.6 Risk

To reduce the risk associated with transporting and handling large volumes of gaseous chlorine, Pima
County utilizes sodium hypochlorite which is safe to transport and effective for effluent disinfection.
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2.5  Biosolids Quality

Sludge generated at the Roger Road WRF and Ina Road WRF meets federal requirements for Class B
biosolids. CFR Title 40 Part 503 regulations list various methods and approaches to achieve a Class B or
Class A biosolids. Common approaches to achieve the highest class are: thermophilic digestion, heat
drying, adding lime and composting. An evaluation will compare existing biosolids practices with the
503 regulations listings. An evaluation of the future spatial equipment needs to achieve a Class A
standard are included in this 25-year master plan study.

The most common method available through the Part 503 regulations to meet Class B requirements is to
use a Process to Significantly Reduce Pathogens (PSRP). These include aerobic and anaerobic digestion
and alkaline stabilization processes. The most common method available to meet Class A requirements is
to use a Process to Further Reduce Pathogens (PFRP). These processes include composting, heat drying,
certain digestion processes, and certain alkaline stabilization processes. EPA further defines “Exceptional
Quality” biosolids as products that are treated by a Class A process and have a relatively lower
concentration of heavy metals. In addition to accepted PFRP and PSRP processes, the regulations allow
demonstration of other treatment methods that are equivalent in pathogen and vector reduction.

Decisions to be made include when to implement Class A treatment and which process to select.

2.6  Air Quality

This chapter discusses the impact of air quality regulations, summarize the current status of the WRF’s
source classification and discuss the impact of potential project developments resulting from this study.

The Roger Road WRF and Ina Road WRF are currently subject to the air quality regulations of the Pima
County Department of Environmental Quality and the EPA. Facility upgrades may trigger permit
modifications and require extensive emissions modeling for the wastewater treatment processes.
Additional emission controls and lean burn technologies will likely be required for new engines to
comply within limits and BACT/MACT. Permit modifications may also be required if additional HAP
standards are promulgated by EPA. Costs of re-permitting the power generation facilities may cost in
excess of $100,000. This will be included in the costs to upgrade/expand or rehabilitate the existing
power systems.

Roger Road WREF is currently categorized as a synthetic minor source for NOyx, CO, and other criteria
pollutants. Ina Road WREF is currently categorized as a major source for NOx and CO and a minor source
for other criteria pollutants.

Roger Road WRF and Ina Road WRF have almost identical air quality operating permits regarding odor
control. Within the air quality operating permits are regulations involving both emissions from diesel
generators and odor/hydrogen sulfide emissions at the facilities. The air quality operating permit (#1913)
for Roger Road WRF was issued on February 23, 2005 and expires on February 22, 2010. The air quality
operating permit (#1903) for Ina Road WRF was issued on September 12, 2005 and expires September
11, 2010.
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The following summarizes the requirements of Part A: General Provisions and Part B: Specific
Conditions of both facilities” Air Quality Operating Permits regarding odor control issues.

Part A Sub-Section I1, A.1. states that the Permittee shall install, operate and maintain
air pollution control equipment or use good modern practices to minimize gaseous or
odorous materials from being emitted in such quantities or concentrations as to cause air
pollution. This is listed as a federally enforceable condition.

Part A.3. states that no person shall allow hydrogen sulfide to be emitted from any
location in such manner and amount that the concentrations of such emissions into the
ambient air at any occupied place beyond the premises on which the source is located
exceeds 0.030 PPM by volume for any averaging period of 30 minutes or more. For Ina
Road WRF, the permit states this requirement is a locally enforceable condition. For
Roger Road WRF, there is no statement on enforcement.

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

2.7 Redundancy, Flexibility, and Reliability

Redundancy, flexibility, and reliability are significant factors in the successful day-to-day operation of
any wastewater treatment facility. Redundancy and flexibility provide processing reserve when units
must be taken out of service, and reliability sustains performance under unusual operating and
environmental conditions.

Redundancy is provided by multiple process units and support equipment in each system. As a facility is
expanded, redundant units and equipment should be added as appropriate.

Flexibility is provided by designing a plant piping system that allows redistribution of flows when a
treatment train is out of service.

! Setbacks are measured from the treatment and disposal components within the sewage treatment facility to the
nearest property line of an adjacent dwelling, workplace, or private property.

2 Arizona Administrative Code Title 18 Chapter 9 Part B: R18-9-B201. General Considerations and Prohibitions.

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

2.8 Environmental Habitat Considerations for the Santa Cruz River

Reduced discharge from Roger Road WRF may have an impact on the Santa Cruz River riparian habitats.
Potential riparian impacts were derived from the Arid West Water Quality Research Project’s “Habitat
Characterization Study Final Report” »® and other sources such as the recent Corps of Engineer (Tres
Rios del Norte) studies of the Santa Cruz River.

Both the Roger Road WRF and Ina Road WRF discharge into the Santa Cruz River. The Santa Cruz
River originates as a small southerly flow in the San Rafael Valley, flows down into Mexico, and then
north into the United States. Historically, the Santa Cruz was a perennial stream until it reached Tubac,
where it went subsurface. The main sources of flow in the Santa Cruz watershed are precipitation,
groundwater discharge, irrigation return flow, and treated sewage effluent.

The majority of the river and tributary streams are intermittent or ephemeral. Flows in the Santa Cruz
River below the Roger Road WRF result from the discharge of effluent and any storm waters that are
discharged to the riverbed. From the Rillito area downstream to the its confluence with the Gila River,
the Santa Cruz River is ephemeral, and only once every 10 to 20 years does sufficient storm flow occur to
allow the Santa Cruz River to flow to the Gila River.

Mean monthly stream flow above the Roger Road WRF outfall ranges from 0 cubic feet per second (cfs)
(May) to 94 cfs (August) and mean monthly stream flow below the Ina Road WRF ranges from 15 cfs
(May) (plant effluent) to 128 cfs (August). The estimated average annual precipitation in the region is 12.4
inches.

Since the 1950s, the Santa Cruz channel has undergone severe sediment degradation in Tucson, while
downstream reaches have experienced a period of aggradation. Gradual arroyo cutting over the past
century has produced a channel that is now up to 33 feet below the historical floodplain. Effluent
discharge has caused increased channel roughness due to vegetation and increased incision in the low-
flow channel. Storm scouring can occur up to depths of 26 to 33 feet. Furthermore, uncontrolled
vegetative growth slows downstream velocities which effectively reduces capacity and increases flooding
potential during rainfall events with shorter reoccurrence frequencies.

Riparian habitat data were collected at five sites on the Santa Cruz River near Tucson. Site 1, upstream of
the Roger Road WRF outfall, is ephemeral and did not contain any flow on May 2, 2000. Perennial
vegetation at Site 1 is dominated by riparian vegetation that is typical of large, ephemeral drainages in
southern Arizona. The perennial, woody vegetation at Site 1 consists of burrowweed (Hymonoclea
salsola), desert broom (Baccharis sarothroides), and scattered individuals of desert willow (Chilopsis
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linearis) and Mexican palo verde (Parkinsonia aculeata). Understory species are a mix of woody shrubs
and herbaceous species including burroweed (Haplopappus tenuisectus) and cocklebur (Xanthium
stumarium) and a variety of annual and perennial grasses and forbs. Conversely, riparian habitats at Sites
2 through 5, all of which were influenced by effluent flows, are variously dominated by willow (Salix
gooddingii), mesquite (Prosopis velutina), and salt cedar (Tamarix chinensis) or combinations thereof.
Individuals of blue palo verde (Cercidium floridum), cottonwood (Populus fremontii) and tree tobacco
(Nicotiana glauca) are also present. Understory species include small individuals of the dominant species
along with catclaw acacia (Acacia greggii), wolfberry (Lycium sp.), desert hackberry (Celtus pallida), and
others. At Sites 3 and 4 (Ina and Cortaro Roads) emergent vegetation in the form of cattail (Typha
dominingensis), Bulrush (Scirpus sp.), and smartweed (Polygonum sp.), and others form a very lush
aspect of the vegetation.

Mammals, or sign thereof, observed along the Santa Cruz River at Tucson included raccoon (Procyon
lotor), coyote (Canis latrans), pocket gopher (Thomomys sp.), and round-tailed ground squirrel
(Spermophilus tereticaudis). Birds included four species of ducks, white-faced ibis (Plegadis chihi),
black-necked stilt (Himantopus mexicanus), and several species of shorebirds, songbirds, and raptors.
Observations of reptiles included individuals of western whiptail (Cnemidophorus trigris), sideblotched
lizard (Uta stansburiana), and tree lizard (Urosaurus ornatus). No amphibians were observed along the
Tucson reach of the Santa Cruz River.

The effect on aquatic communities of anthropogenic attempts to control the physical dynamics of these
streams cannot be overstated. NPDES permit effluent limitations, based on water quality standards,
traditionally form the basis for protection of aquatic life in all waters, regardless of the waterbody type
(e.g., coldwater or effluent-dependent). A regulatory dilemma arises when one considers what level of
water quality is needed to protect the designated beneficial use. The water quality standards regulation
and EPA guidance distinguish between an “existing use” and a “designated use” (i.e., a potential use).
However, water quality criteria do not reflect that distinction. The same high level of water quality is
deemed necessary to protect both. That is probably not true for effluent-dependent streams. Ina
naturally ephemeral stream that occasionally would be dry but for flow augmentation derived from
perennial effluent discharges, all existing uses have arisen under ambient water quality conditions —
conditions created by the discharge of effluent. Therefore, one can conclude that existing water quality
fully protects existing uses. However, it may be that better water quality would increase the richness
and/or abundance of aquatic species in the effluent-dependent stream. Therefore, it is also possible to
conclude that all of the potential beneficial uses are not fully supported by existing ambient discharge
quality.

Regardless of discharge quality, the aquatic habitat supported by those effluent dependent flows will be
materially reduced if discharge is reduced. Thus, where water quality was the factor precluding full
attainment of the potential beneficial use, inadequate flows and insufficient habitat will severely reduce
the maximum potential itself. All things being equal, better water quality may improve the biological
productivity and diversity of a stream. But, all things are not equal. The conclusion that the aquatic
population will benefit from improved water quality is premised on the static assumption that everything
else (including volume of effluent discharged) will remain the same. The reduced capacity of treatment at
the Roger Road WRF or increase in reclaimed usage or both will effectively reduce flow in the Santa
Cruz River. This change alone will potentially change the riparian habitat. In addition, physical and
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chemical factors associated with the creation of effluent-dependent waters also limit biological potential.
Effluent-dependent waters and their associated riparian communities have significant potential to become
an important habitat resource for aquatic and terrestrial species, including those species considered
sensitive or listed as threatened and endangered.

According to information from the Pima County Regional Flood Control District regarding a recent Corps
of Engineers Santa Cruz River Study, estimates of effluent flows to sustain the existing riparian habitat
along the Santa Cruz River below the Roger Road WRF discharge range from 2 mgd up to 16 mgd.

2.9  Water Reuse Considerations

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

Additional considerations include:

B Effluent from the Sweetwater pressure filter treatment plant is blended with the recovered water
from the recharge basin to achieve the Class A reclaimed water rating.

B There is no regulatory requirement for a minimum volume of discharge to the Santa Cruz River at
Roger Road WRF.

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

29.1  Intergovernmental Agreements
As described in the 2006 Metropolitan Facility Plan Update 4

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

The 1979 Intergovernmental Agreement (IGA), signed on June 26, 1979, was the original agreement
between PCRWRD and the City of Tucson. This agreement assigned control of wastewater conveyance
and treatment activities to PCRWRD. In exchange, the City of Tucson would receive rights to the
effluent produced at the PCRWRD Metropolitan Treatment Facilities, which were limited at that time to
the Ina Road WRF, Roger Road WRF and Randolph Park WRF.

The SAWRSA was the settlement between the City of Tucson, Pima County and the United States
Bureau of the Interior (on behalf of the water rights of the tribal nations in Pima County). The 2000
Supplemental Intergovernmental Agreement signed on February 8, 2000, placed restrictions on how
PCRWRD could use the effluent from the Ina Road WRF and the Roger Road WRF. This agreement also
identified the need for reopening the Randolph Park WRF, which had been shutdown in 1995. It
provided an avenue for PCRWRD to deliver effluent to Pima County facilities. This supplemental
agreement also established a Conservation Effluent Pool for use with riparian habitat projects and
identified how the SAWRSA effluent water rights would be treated in determining effluent allocations.
The 2000 IGA identifies up to 10,000 acre feet (AF) of effluent that will be set aside for use on
environmental restoration projects. These projects will be in accordance with the criteria of the 2000
IGA, or must have the approval of both the City of Tucson and Pima County.

The 2003 Intergovernmental Wheeling Agreement, signed December 16, 2003, governs reclaimed water
transactions between PCRWRD, the effluent provider; City of Tucson, the distributor and a reclaimed
water user/owner; and other Pima County facilities, reclaimed water users. The effluent enters the system
at the City of Tucson’s Sweetwater Recharge Facilities and the Tucson Reclaimed Water Treatment Plant
and through direct delivery from the Roger Road WRF; from there it is piped to various locations. The
Randolph Park WRF discharges its effluent directly into the City of Tucson reclaimed water system. The
agreement governs the costs (per acre-foot) that will be charged to Pima County for distribution of Pima
County effluent to Pima County sites from either of these two locations.

The 2003 Managed Recharge IGA governs the recharge of effluent and the associated credits granted by
Arizona Department of Water Resources (ADWR) for the Lower Santa Cruz River Managed
(LSCRMRP) between the Ina Road WRF and Trico Road in Marana. Participants include the Town of
Marana, Cortaro-Marana Irrigation District, Avra Valley Irrigation and Drainage District, Metropolitan
Domestic Water Improvement District, Flowing Wells Irrigation District, Oro Valley, Pima County, City
of Tucson, and the Bureau of Reclamation.

In accordance with the 1979 IGA, Tucson Water was awarded a majority percentage of all effluent after
the SAWRSA distribution and Pima County was awarded a minority percentage. However, under the
SAWRSA and separate IGAs between Tucson Water, Metropolitan Domestic Water Improvement
District, and Oro Valley Water, a new distribution formula was created and also incorporated into the
2003 Managed Recharge IGA. In accordance with this new formula, of the total effluent generated from
all Metropolitan and Non-Metropolitan Treatment Facilities, SAWRSA had rights to the first 28,200 AF,
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and then the CEP had rights to up to 10,000 AF on an as-needed basis for environmental restoration
projects. Since CEP is allotted after the United States receives its SAWRSA share and before either
Tucson Water or PCRWRD receive their share, any allocation to CEP effectively reduces the remaining
share available to Pima County and Tucson Water. As part of a settlement, Oro Valley and Metropolitan
Domestic Water Improvement District provide a portion of Tucson Water’s CEP share, and therefore they
indirectly contribute to CEP. However, at the maximum CEP allocation, PCRWRD provides 1,000 AF,
while Tucson Water and other providers are required to provide up to 9,000 AF.

Although a final agreement has not been reached between Tucson Water and Pima County as to how the
CEP will be administered, it is currently anticipated that City of Tucson and Pima County CEP projects
could reach the maximum CEP allotment of 10,000 AF of effluent by 2015. As not every restoration
project will qualify or attempt to qualify for CEP, it is difficult to say with certainty the CEP allocation
will be consumed as quickly as anticipated. It is possible that qualifying for CEP allocations could be a
lengthy process involving the United States Fish and Wildlife Department. If the CEP effluent remains
unused as an environmental water source, it could become very difficult for PCRWRD to predict its own
long-term effluent balance.

292 Alternatives

To determine the optimal treatment alternative the following evaluation criteria are considered. Details of
the alternatives are covered in Chapter 4

Compatibility with Tucson Water reclaimed water distribution system
Proximity of reclaimed water customers
Use of existing infrastructure
Volume of wastewater available at the site vs. potential reuse demand served by the site
Effect on quantity of reclaimed water
—  Effect on Roger Road WRF and Ina Road WRF capacities
— Effect on Santa Cruz River habitat
Effect on overall system reliability
Effect on overall system operability
Impact on raw wastewater conveyance system
Site availability
Site compatibility with adjacent land uses
Compatibility with ultimate injection of reclaimed water into potable groundwater supplies
Probable capital cost impacts
Probable O&M cost impacts

2.9.3  Underground Storage Recharge/Recovery Considerations

The benefits of underground storage and recovery include SAT, blending of reclaimed water with
groundwater, cost-effective storage, and ability to recover water when needed. Recharge methods for
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underground storage include infiltration in a stream channel (e.g., Santa Cruz River), infiltration in
constructed basins, and injection wells.

For injection wells an effluent turbidity of 2 NTU or more will cause clogging over time, require periodic
well maintenance and potential re-drilling of injection wells (especially for vadose zone injection wells)
to keep viable. Further, the injection wells will require chlorination to prevent biological growths within
the well. Lastly, injection wells are not permissible by regulation in the Tucson Aquifer Management
Avrea.

Constructed recharge and recovery basins can get credit for recovery of up to 100 percent of the effluent
for use. Managed recharge can at best get credit for recovery up to 50 percent of the effluent for use in
the community. To maximize effluent water utilization in the community, direct use and
recharge/recovery will need to be located adjacent to each other...

The existing Sweetwater Recharge and Recovery Facility meets a critical need to maximize effluent reuse
by treating, storing and withdrawing plant effluent to meet peak demands of reclaimed water during the
summer months.. It is a proven facility that is isolated from the potable water supply system because of
favorable hydrogeologic conditions. When considering new storage and recovery facilities the following
criteria should be met:

B Site of at least 40 to 50 acres
B Favorable hydrogeologic conditions
B Compatible with adjacent land and water uses

Conceptually, from a hydrogeologic perspective, underground storage facilities could be placed at Ina
Road WRF if land is available and other concerns and issues are met satisfactorily. Managed recharge for
annual or longer-term storage could be sustained and seasonal storage and recovery could be maintained.
However, it is important to consider that underground storage effluent will impact groundwater levels and
groundwater movement (affecting contaminant migration) in the local area.

Costs were estimated to create a SAT system with underground recharge and recovery features that is
large enough to accommodate 32-mgd flow from the Roger Road WRF. The costs to construct the basins
and the piping network to distribute effluent to the basins were well over $500 million in 2006
construction dollars. This far exceeds the costs of other forms of effluent treatment.

2.10 Cultural and Historic Preservation

Pima County has an active program to preserve historic and cultural resources. The County’s objectives
include:

Protect cultural identity

Preserve cultural and historic heritage
Retain and maintains cultural diversity
Save the past for the future
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Currently, over 3541 archaeological sites have been identified while only 12 percent of eastern Pima
County has been examined. This leaves a large amount to be surveyed that could unveil many more
locations of cultural and historic heritage.

Construction or demolition activities resulting from the master planning effort may reveal uncatalogued
burials or some other cultural identity area. If the location of construction or demolition is of
archeological interest, a detailed survey of the area will need to be performed by State and local
regulations early on to identify the potential for archeological discoveries.

Examination of the Roger Road WRF and Ina Road WRF parcels in Pima County’s MapGuide identifies
both Roger Road and Ina Road areas within highly sensitive archeological areas.

An extensive cultural resources overview for the Tres Rios del Norte Feasibility Study project, which
covers the areas along the Santa Cruz River upstream of the Roger Road WRF to well below the Ina Road
WRF, was performed in 2002 further supports the archeological sensitivity of the area.

As a testament to the archeological richness of the area, in April 2007 the Pima County Cultural
Resources Department located 35 items of archaeological significance adjacent the eastern border of the
Roger Road WRF, which substantiates the need for careful examination of the undisturbed areas along the
Santa Cruz River for cultural resources. Mitigating measures are planned to clear or preserve the areas of
new construction of archeological finds to permit construction of new facilities.

2.11 Regulatory Closure Requirements at Roger Road WRF

If the existing Roger Road WREF is to be decommissioned as an future action of the master plan, pursuant
to Roger Road WRF’s APP (#100655), closure requirements must be followed. These requirements
include:

B Submit a written notice of closure to the Water Quality Compliance Section.

B Submit Detailed Closure Plan to the Water Quality Compliance Section meeting the requirements
of A.R.S. 49-252 and A.A.C. R18-9-A209(B)(1)(a) (within 90 days of the notification of closure).

B Submit a written notice, with supporting documentation, indicating the approved Closure Plan has
been implemented fully to the Water Quality Compliance Section (upon completion of closure
activities).

To achieve clean closure, Post Closure requirements need to be followed. A Preliminary Phase |
Environmental Site Assessment was performed for an area including the Roger Road WRF and the
surrounding County-owned area in an effort to identify recognized environmental conditions (RECs) that
could cause a delay in completing Clean Closure requirements for the property. The Preliminary
Assessment identified potential issues of concern that may cause problems in achieving a Clean Closure
for the area. For example, at Roger Road WRF asbestos removal will need to be considered prior to
demolition work. Overall the issues of concern identified in the site assessment did not appear to pose
serious problems to obtaining approval for a clean closure of a decommissioned Roger Road WRF. Upon
successful completion of the closure activities, a letter of approval for closure will be issued by the
ADEQ.
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2.12  Community Involvement Program

The community involvement program activities consist of two public meetings and stakeholder
interviews held during the course of the master plan development.

Early in the project the first pubic meeting addressed the scope and approach of the investigations and
was designed to solicit concerns from the community. The second public meeting reviewed plan
recommendations, along with results and actions for additional improvements to the County’s wastewater
operations. A brief summary of the Open Houses are provided below:

B ROMP Open House — October 17, 2006
PCRWRD successfully held an open house for the general public on the project objectives and
alternatives under consideration for the ROMP. The event was advertised widely. Citizens who
attended the open house were encouraged to visit the different stations setup to address the
different aspects of the project and ask team members project-specific questions. After the event
comments and questions were collected by the project team for consideration in the planning
activities. Local media representatives were present.

B ROMP Open House & Press Conference — May 21, 2007
PCRWRD successfully held an open house and press conference, which was advertised for the
general public to attend. Citizens who attended the open house were encouraged to visit the
different stations describing the direction of the master planning efforts and ask team members
project-specific questions. Local media representatives interviewed John Bernal, Deputy County
Administrator, regarding ROMP details.

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

What will success look like?

What are the goals and needs?

What needs to happen for success?

What are the three most difficult/important issues that have to be worked through?
What issues can be addressed with confidence; with no confidence?

What has worked well; what hasn't?

What additional topics need to be addressed in each of the workshops?

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

2.13  Summary

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

3.1 Introduction

This chapter provides a overview of the two major existing treatment plants, Roger Road WRF and Ina
Road WRF, including descriptions of:

Existing treatment capacity

Peaking factors and plant influent characteristics
Plant recycle flows and loads

Existing plant system arrangements and conditions

3.2 Existing Treatment Capacity

3.21  Roger Road WRF

The Roger Road WREF is the older of the two major treatment facilities and has a permitted capacity of 41
mgd. Itis located at 2600 W. Sweetwater Drive, Tucson, Arizona 85705. It was first operated in 1951 as
a 12-mgd activated sludge facility and was expanded with a separate 13-mgd trickling filter facility in
1960 and a 13-mgd activated sludge/contact stabilization facility in 1967. In 1979 the facility was
consolidated into a single facility with new two, 165-foot diameter by 26-foot deep, plastic media
biofilters with return activated sludge capability.

Digested biosolids are conveyed via force main to the Ina Road WRF and combined with digested
biosolids from the Ina Road WRF for further processing prior to final disposal.

In the late 1980s, the activated sludge tanks were used only during the winter months when the biofilter
alone could not handle the load due to lower temperatures and higher influent loadings. As the flow and
influent loadings increased, the activated sludge tanks have been placed into continuous service to meet
secondary treatment permit requirements.

3.2.2 Ina Road WRF

The existing Ina Road WRF was designed in 1973 and construction was completed in 1977. The facility
is located at 7101 North Casa Grande Highway, Marana, Arizona, just South of Ina Road, between
Interstate 10 and the Santa Cruz River. It consists of a 25-mgd HPO activated sludge process, a sludge
digestion and centrifuge thickening/dewatering facility for solids handling, and a complete energy-
recovery system for heating, cooling and on-site generation of electrical power from digester gas.
Modifications to the original design to enhance equipment performance and reliability were completed in
1990.

Recently a BNRAS treatment facility with a design capacity of 12.5 mgd was added. The BNRAS
process includes primary treatment and a multi-staged wastewater treatment system capable of partially
removing nitrogen and ammonia from the waste stream. Flows to the HPO treatment system and BNRAS
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treatment facility are treated and disinfected separately and then combined prior to dechlorination and
discharge into the Santa Cruz River Roger Road WRF.

3.3 Peaking Factors

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

Table 3-1
Peaking Factors for Influent Wastewater Characteristics Parameters
‘ ‘ Roger Road WRF ‘ Ina Road WRF

Wastewater Flow

Average, mgd 37.8 23.9

Monthly Peak Flow (MPF) 1.10 1.14

Daily Peak Flow (DPF) 1.37 1.33

Hourly Peak Flow (HPF) 2.00 2.00 (3)
BoD™

Average, mg/L 249 252

MPF 1.13 1.07

DPF 1.18 1.17
TSsW

Average, mg/L 249 271

MPF 1.05 1.05

DPF 1.32 1.38
TKN(]-)(Z)

Average, mg/L 33.5 47.8

MPF 1.28 1.11

DPF - -
TPO®

Average, mg/L 5.4 7.3

MPF 1.31 1.03

DPF - -

(1) Mass loading based peaking factors adjusted with flow peaking

(2) TKN and TP data were available only once per month for both plants and daily peaking
factors were not computed

(3) Assumed same as Roger Road WRF

The influent (raw) flow data were used to analyze the average flow, monthly peaking factor (MPF) and
daily peaking factor (DPF). Although the average flow rate to the Roger Road WRF was substantially
higher than that of the Ina Road WRF, the monthly peak flows and daily peak flow factors for the two
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plants were similar. The diurnal flow data for the same operating period were available for the Roger
Road WRF and were used to compute the average diurnal peaking factor (DUPF). Then the DUPF was
multiplied by DPF to compute the hourly peaking factor (HPF). Diurnal operating data were not available
for the Ina Road WRF and the HPF for the Ina Road WRF was assumed to be same as that of the Roger
Road WRF due to the fact that the MPFs and DPFs factors of both plants were similar.

Peaking factors for BOD, TSS, TKN and TP were analyzed based on the mass loading, such as Ibs/day, of
each parameter. The peaking factor based on the mass loading was then divided by the flow peaking
factor to obtain the flow adjusted peaking factor. Therefore, these peaking factors are concentration
peaking factors adjusted with flow peaking.

The peaking factors for the two plants were similar for flow, BOD and TSS, but somewhat different for
TKN and TP. While the operating data for flow, BOD and TSS were available on a daily basis, only a
single value was available for each month for TKN and TP. Therefore, the peaking factors for TKN and
TP may not be as reliable as other parameters. Monthly peaking factors only for TKN and TP were
analyzed since only a single daily value was available for each month.

34  Recycle Flows and Loads

At the Roger Road WREF, the primary sludge and waste activated sludge (WAS) is gravity thickened or
thickened by a gravity belt unit and anaerobically digested. The digested biosolids are conveyed via force
main to the Ina Road WRF for further processing and final disposal. The thickener overflow is recycled
to the plant influent stream.

At the Ina Road WRF, the primary sludge and WAS are thickened by gravity thickeners or with dissolved
air flotation (DAF) thickeners and the anaerobically digested. The digested sludge (biosolids) is
combined with the digested sludge (biosolids) from the Roger Road WRF and dewatered using
centrifuges. The thickener and centrate recycle flows are returned to the plant influent stream. Due to the
centrate return from the digested sludge dewatering operation, the BOD and TSS concentrations in the Ina
Road WREF influent are moderately higher, but TKN and TP concentrations are substantially higher than
those of the Roger Road WRF influent as shown in the above table.

3.5  Existing Plant Systems

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

351  Roger Road WRF

3511  Systems Description
The Roger Road WRF system descriptions are organized into the following areas:

B Septage Dump Station
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Headworks

Primary Clarifiers

Biofilter Pumping Station and Biofilters
Aeration Basins

Final Clarifiers
Chlorination/Dechlorination Facilities
Gravity Thickeners

Digesters

Odor Control

Electrical

Instrumentation and Control

35.1.2  Septage Dump Station

The Septage Dump Station was originally designed with multiple dump tanks where septage hauling
trucks could discharge septage into these tanks and tests could be performed on the septage to determine
the septage composition. The dump tanks are pitched the wrong way, so the dump tanks do not drain
properly and consequently the dump tanks are no longer in use. Instead the septage is dumped into a wet
well. Two Essco cyclone feed pumps pump the septage from the wet well to a grit separation unit. Two
cyclones degrit the septage and send the liquid to an equalization basin. The grit is discharged to a
dumpster. A mixer is used in the equalization basin to keep the septage from settling. Two Essco
Degritted Septage Pumps are supposed to send the septage from the equalization basin to the front of the
plant, but rags, greases, and other material continuously clog the equalization basin. Consequently once
per month plant staff are required to enter the wet well and equalization basin and clean them out.

As stated above the Septage Dump Station does not work as originally designed. Therefore.
consideration should be given to having the septage trucks dump into the influent stream upstream of the
Headworks, rather than continuing to discharge into the Septage Dump Station. This would mean that the
septage no longer needs to be degritted and pumped to the Headworks and that a crew of plant personnel
would not have to monthly declog the wet well and equalization basin which would reduce maintenance.
Furthermore, this would remove a source of odors identified at the facilities.

3.5.1.3 Headworks Facilities

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

Plant personnel have indicated that the influent screens have worked very well since they were installed
approximately 10 years ago. The screenings compactors, the cyclone grit separators, and the grit
classifying screw conveyors were replaced in early 2007.

3514  Primary Clarifiers

Rectangular Primary Clarifiers No. 1 though 4, which were constructed as part of the original plant, have
been converted to emergency overflow basins. Normally the overflow basins are empty, but they are
placed into service during July-August monsoon season when peak flows exceed the pumping capacity of
pump station #4.

Primary Clarifiers No. 5 through 10 are 105-feet diameter circular clarifiers. Primary Clarifiers No. 5,
No. 6, No. 7, and No. 8 are fed from yard structure No. 1 and Primary Clarifiers No. 9 and No. 10 are fed
from the common influent channel downstream of the Headworks Parshall flumes. Pump Station No. 5
contains three Moyno Primary Sludge Pumps (PSPs) and one Dewatering Pump (DWP). Two PSPs
pump sludge from Primary Clarifier No. 7 and No. 8 to the Biofilters and one PSP pumps scum from
Primary Clarifier No. 7 and No. 8 to the Digesters. The Dewatering Pump is used to dewater Primary
Clarifiers No. 7 and No. 8. Pump Station No. 3 contains three PSPs and one DWP that pumps from
Primary Clarifiers No. 5 and 6 similar to Pump Station No. 5. Pump Station No. 14 contains seven
Seepex PSPs. Five PSPs pump primary sludge from Primary Clarifiers No. 1, No. 2, No. 3, No. 4, No. 9,
and No. 10 to the Digesters or the Gravity Thickeners. Two PSPs pump scum from Primary Clarifiers
No. 1, No. 2, No. 3, No. 4, No. 9, and No. 10 to the Digesters. Due to a lack of motorized gates and flow
meters, influent flow is visually split between the primary clarifiers. Primary Clarifiers No. 5 and No. 6
are deeper than the other primary clarifiers and consequently have a higher solids loading than the other
clarifiers.

Hydraulically, the plant cannot take a primary clarifier out of service during the July and August period of
high influent flows; therefore it is difficult to remove a clarifier from service for cleaning during this
period. Plant personnel have noted that they are very pleased with the performance of all of the Moyno
pumps. Noticeably absent were odor containment features on the primary clarifiers.

35.1.5  Bio Recirculation Building (Pump Station No. 4) and Biofilters

Primary effluent flows from the primary clarifiers to a wet well at the Bio Recirculation Building. The
Bio Recirculation Building contains four Fairbanks Morse pumps, three of which are gas engine driven
pumps (~25 mgd each) and one is a 350 hp motor driven pump (~33 mgd). The engine driven pumps can
be run on either digester gas or natural gas. There are no scrubbers on the digester gas lines, so a “dirty”
digester gas is used, which contributes to higher than normal maintenance for the engines. Additionally,
concentrations of siloxanes in the sludge gas have recently increased and have become a problem at
Roger Road WRF causing additional wear and tear on engines and other equipment that use digester gas.
Consequently, the engines have not been operated on digester gas for nearly a year and operate on natural
gas only. Plant personnel indicated that there is significantly less maintenance on the engines when they
are fueled with natural gas rather than digester gas because the natural gas is cleaner than the digester gas.
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Like most other facilities at Roger Road WRF, equipment at the Bio Recirculation Building is operated
manually. The engine driven pumps are manually operated. Speed is adjusted manually to maintain the
wet well level in an acceptable range. One engine driven pump is generally run until the engine reaches
900 revolutions per minute (rpm). Once the engine gets to 900 rpm a second engine driven pump is
turned on. This occurs at approximately 32 mgd. The two engine drive pumps are then manually
throttled to balance the flow. The motor driven pump is used for emergency backup or when plant flow
gets above 55 mgd.

Originally, the control system modulated valve BF-7 which allowed return activated sludge (RAS) to
flow back into the wet well to feed the biotowers. The Bio Recirculation pumps were to run at a constant
speed and capacity while a bubbler system controlled the bleed-back of RAS through BF-7 into the wet
well to satisfy the pumping rate and keep the wet well level in an acceptable range. This control is no
longer used and as a result, the pump station must be operated manually with continual manual
monitoring of the wet well level.

The discharge piping for the Bio Recirculation pumps does not contain any isolation valves to allow a
pump to be taken out of service. The only valve separating a pump from the discharge header is the
pump’s power operated discharge valve. If that valve ever needed to be removed for service, the entire
station would need to be shut down.

The pumps in the Bio Recirculation Building send flow to two Biofilters. Each Biofilter is 165 feet in
diameter by 26 feet deep plastic media biofilters. At the top of the Biofilters a large rotary distributor arm
sprays primary effluent over the plastic media in the biofilters.

The rotary distribution arms were replaced 5 or 6 years ago, and are reportedly in good operating
condition. The media in the biofilters has not been changed since 1979. For the last two years plant
operations have sent the biofilter effluent to the aeration tanks before the final clarifiers for additional
treatment.

Pump Station No. 7 is located between the two biofilters and contains three ITT A-C WAS Pumps.
Typically WAS Pump No. 3, which has a variable frequency drive (VFD), is used to pump WAS. If
Pump No. 3 is out of service, then both constant speed Pumps No. 1 and No. 2 are used together to pump
WAS. WAS is currently sent to the Ashbrook three meter gravity belt thickener .

3.5.1.6 Aeration Basins

There are two sets of Aeration Basins; the South Aeration Basins (Aeration Basins No. 1 and No. 2) and
the North Aeration Basins (Aeration Basins No. 3, No. 4, No 5, and No. 6). The South Aeration Basins
are single pass plug flow basins that were part of the original plant construction. The North Aeration
Basins are dual pass plug flow basins; which have the capabilities of being run as step feed basins. Both
the North and South Aeration Basins have inefficient coarse air diffusers. The Aeration Blowers are
located in the Blower Building to the east of the North Aeration Basins. Three Turblex engine driven
blowers are used to provide air to the aeration basins. The blowers are capable of being driven by
digester gas or natural gas. Similar to the engines in the Bio Recirculation Building the blower engines
are run on natural gas because of higher maintenance when run on digester gas.

3-6

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



Pima County Regional Wastewater Reclamation Department
Tucson, Arizona

Pima County Regional Optimization Master Plan

Regional Optimization Master Plan
Final Report
Chapter 3 — Treatment Plant Evaluation

Blowers are manually controlled by throttling the inlet guide vanes with the blowers operated at a
constant 1,200 rpm. Of the available isolation valves on the main air header in the blower building, only
one is reportedly operable. This limits which blowers can serve which aeration basins.

The air flow meters inside the Blower Building show 7,600 standard cubic feet per minute (scfm) of air
being sent to the two South Aeration Basins and 3,250 scfm being sent to the four North Aeration Basins.
There is only one operable isolation valve on the main air header in the building able to separate flow to
the two aeration batteries.

Noticeably, there is a lack of overhead conveyance equipment and the doorways are inadequate for
servicing the engine driven blowers and the engines.

The blowers are scheduled to be replaced with two new skid mounted blowers in 2007/2008. The
existing blowers will remain as backups in case service from the new blowers is interrupted.

3.5.1.7 Final Clarifiers

There are nine 105 feet diameter Final Clarifiers each with two rake arms. Flow from the South Aeration
Basins is sent to Final Clarifiers No. 1 and No. 2. Flow from the North Aeration Basins are sent to flow
splitting structures that distribute flow to Final Clarifiers No. 3, No. 4, No. 5, No. 6, No. 7, No. 8, and
No. 9. The splitting structures have downward operating gates that act as weirs to distribute flow to the
various final clarifiers. Final Clarifiers No. 1, No. 2, No. 3, and No. 4 have a single exterior weir, while
the newer Final Clarifiers No. 5, No. 6, No. 7, No. 8, and No. 9 have a double exterior weir. Pump
Stations No. 6, No. 8, No. 9, No. 10, and No. 12 contain Fairbanks Morse, Pacific Pumping Co., and
Allis-Chalmers return sludge pumps and Netzsch and Moyno scum pumps. Final Clarifiers No. 1, No. 2,
No. 3, No. 4, No. 5, and No. 6 each have four floc mixers that can be used for polymer addition; however
these have not been used for some time.

Plant personnel noted that the rake arm catches on welds on the weirs for Final Clarifiers No. 8 and No. 9.
A temporary patch has been put on the welds, so the rake arms no longer catch on the welds. Similar to
the primary clarifiers, hydraulically the final clarifiers can not be taken out of service.

There appears to be an unnecessary flow split structure for Clarifiers No. 1 and 2. It’s similar to all the
other splitters except the flow re-combines directly downstream from the two splitter gates and flows
through a common conduit to yet another splitter structure between the tanks where the actual flow split
occurs.

35.18 Chlorination/Dechlorination Facilities

The Roger Road WRF originally used gaseous chlorine to disinfect its effluent; however, a few years ago
it was decided to switch to liquid sodium hypochlorite for disinfection and to use liquid sodium bisulfite
for chlorine neutralization to meet chlorine residual discharge limits. Presently two temporary sodium
hypochlorite storage tanks are located adjacent to the influent of the Chlorine Contact Tank in a
temporary earthen berm in case of a leak. Roger Road WRF has two permanent sodium hypochlorite
tanks on site that will be installed within a concrete containment area in the near future. The temporary
sodium hypochlorite tanks will then be removed once the permanent tanks are in place.
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Two U.S. Filter Water Champs are used in the Chlorine Contact Tank common influent channel to deliver
the sodium hypochlorite to the liquid stream. The feed rate of hypochlorite to the Water Champs is
controlled by two U.S. Filter liquid chemical feeders located in a chemical feed structure adjacent to the
contact tanks. Feed rate is controlled to maintain a chlorine residual as discussed later under
Instrumentation and Control. Two sample pumps send samples to analyzers located in the adjacent
Chlorine Feed and Storage Building, previously used for gaseous chlorine.

The contact tank influent channel distributes flow to a North and South Chlorine Contact Tank each of
which is comprised of two halves. The interior dividing walls of the Chlorine Contact Tanks are made of
masonry block.

Effluent is extracted from the contact tanks with pumps prior to de-chlorination for use by Tucson Water
in its reclaimed water system. The extracted effluent is transported to the nearby water reclamation
facility where the effluent is filtered, disinfected and pumped into the reclaimed water distribution system,
or is directed into soil aquifer treatment basins for underground storage, later recovery and use.

Adjacent to the Chlorine Contact Tank is a bulk sodium bisulfite storage tank that is enclosed with a
concrete containment wall. The sodium bisulfite bulk storage tank is pumped into a sodium bisulfite day
tank also within a concrete containment wall near the effluent end of the contact tanks. Two U.S. Filter
Water Champs feed sodium bisulfite from the day tank into the effluent channel for chlorine
neutralization. Chemical feeders, similar to those used for hypochlorite feed, are located in a chemical
feed structure adjacent to the bisulfite day tank. These meter sodium bisulfite to the Water Champs in
response to an effluent oxidation reduction potential (ORP) signal.

The effluent channel then discharges by gravity to the Santa Cruz River. In the event that the river is
flowing high there are three Fairbanks Morse Effluent Pumps to pump the effluent to the river. Since the
Effluent Pumps are not required very often, flap gates for each pump have a tendency to seal shut from
nonuse. Consequently, when the pumps are operated, if the flap gates are not freed, they pump against
these sealed gates and motor damage has occurred. The plant personnel indicated that it is planned to
routinely operate the pumps and gates so that the gates will not seal shut.

3519  Gravity/GBT Thickeners

Roger Road WRF has three covered circular Gravity Thickeners. Gravity Thickeners No. 1 and No. 2
have three Moyno Thickened Sludge Pumps and two Muffin Monster grinders on the scum lines. Gravity
Thickener No. 3 has three Moyno Thickened Sludge Pumps and one Muffin Monster grinder on the scum
line. The pumps are all located outdoors on a concrete slab exposed to the elements.

Emergency concrete repair work was performed on Gravity Thickeners No. 1 and No. 2 a few years ago.
It was deemed at that time that the concrete had deteriorated to a point that the Gravity Thickeners were
in imminent danger of collapsing. The existing three (3) gravity thickeners have been repaired and are in
satisfactory condition for continued operation.  Plant staff advised that the pumps and grinders are in
good operating condition. The Gravity Thickening Tank Mixers could be susceptible to corrosion in the
enclosed environment.
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Adjacent to the Gravity Thickening Tanks is the Flotation Thickening Building. Two Komline Sanderson
DAF Thickeners are located in this building. The DAF units have not been operated in a couple of years.
The DAF units have some broken parts that can no longer be ordered from the manufacturer. The DAF
units could be operated, but plant staff have advised that the DAF units require continuous monitoring
and adjustments which is very labor intensive.

One (1) new three meter Ashbrook GBT has been added to the sludge thickening operations with startup
in 2007. The GBT unit and associated pumping systems and piping are located outside on a concrete pad.

3.5.1.10 Digesters

There are six anaerobic digesters (four primary digesters and two secondary digesters). Digested sludge
is pumped to Ina Road WRF for dewatering and disposal. Until recently the digesters could not be taken
out of service due to hydraulic limitations until the GBT was placed into service. Prior to this the
digesters had not been emptied and cleaned in approximately 20 years. There may be significant solids
deposition within the digesters, effectively reducing the tank volume and hydraulic detention time. Each
digester has its own associated waste gas burner. The engine generators in the On Site Power Generation
Facility are the only equipment currently running on sludge gas. Since the engine driven pumps and
blowers are not using digester gas, a significant amount of the gas is being flared. Since the onsite
assessment PCRWRD modified their operating procedures to utilize more gas onsite. The waste gas
burners all have a white ring around the top of the burners, which is indicative of siloxanes being present
in the gas.

Digesters No. 1, No. 2, No. 3, No. 4, and No. 5 have roof mounted mixers. Digester No. 6 has external
draft tube mixers for mixing. There are four Control Houses adjacent to the digesters that contain the heat
exchangers, sludge gas equipment, and sludge pumps for all the digesters.

Digesters No. 1, No. 2, No. 4, No. 5, and No. 6 show signs of shrinkage cracks in the concrete structure.
Also, Digester No. 3 has a gas leak on the top of the tank. When standing on the digester roof, gas could
be heard hissing through the cracks. This could potentially be a dangerous location with the digester gas
capable of being igniting or causing an explosion. This situation was promptly addressed by PCRWRD
after the onsite assessment. Since the digesters haven’t been emptied in 20 years, no one is certain of the
condition of the inside of the tanks.

The Gravity Belt Thickener (GBT) for thickening Waste Activated Sludge (WAS) will permit primary
and WAS sludges to be thickened separately. This process change is expected to increase the overall
sludge concentration to the digesters so that a digester may be drained, cleaned and inspected. The
external draft tube mixers in Digester No. 6 plug frequently with solids. The external draft tube mixers
require excessive maintenance to keep unplugging and repairing the mixers. The heat exchangers, gas
equipment, and pumps appear to be in fair to good operating condition, based on visual inspection. Plant
personnel advised of no problems other than routine maintenance.

3.5.1.11 Odor Control

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

3.5.1.11.1 Septage Dump Station

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

3.5.1.11.2 Headworks

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

3.5.1.11.3 Primary Clarifiers

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

3.5.1.11.4 Biotowers

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

3.5.1.11.5 Gravity Thickeners

Gravity Thickeners No. 1 and No. 2 are each covered with a concrete cover to contain odors. Gravity
Thickeners No. 1 and No. 2 each have three odor draw off points above the overflow troughs from which
air is drawn to a Rosswood wet scrubber. Each tank has its own fan that discharges into a common duct
to the scrubber inlet.

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

3.5.1.12 Electrical

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

3.5.1.12.1 2400-Volt Plant Switchgear

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

3.5.1.12.2 Power Center Transformers

There are seven power centers located across the plant site which distribute 480-volt power from their
secondaries to motor control centers and other utilizing equipment.
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Power Center No. 1 is located near the Flotation Thickener Building and is rated 500 kVA, 2300 —
480V, 3-phase, connected delta/delta with a 65 degrees C temperature rise. The primary section
consists of a non walk-in aisle outdoor switchgear line-up with a main fusible switch, a fusible switch
serving Power Center No. 1 and a fusible switch serving Power Center No. 4. The secondary
compartment has a molded case circuit breaker. Data from plant records indicates the line-up to be
1955 vintage General Electric equipment. The primary switchgear doors were difficult to open and
need to be lubricated. The mechanical condition of the fusible switch units were not assessed as the
equipment was energized.

Power Center No. 2 is located near the Blower Building and is rated 500 kVA, 2300 - 480V, 3-
phase, connected delta/delta with a 65 degrees Celsius temperature rise. The primary section is
configured similar to Power Center No. 1. with a main fusible switch, a fusible switch serving Power
Center No. 2 and space for another fusible switch. The secondary compartment had no visible
overcurrent device visible. Data from plant records indicate the line-up to be 1965 vintage General
Electric equipment. The mechanical condition of the fusible switch units was not assessed as the
equipment was energized.

Power Center No. 3 is located near Pump Station No. 3 and is rated 500 kVA, 2300 — 480V, 3-phase,
connected delta/delta with a 65 degrees Celsius temperature rise. There is no overcurrent protection or
disconnecting means on the primary compartment. The secondary compartment has a distribution panel
with molded case circuit breakers consisting of a main breaker and four feeder breakers. Data from plant
records indicates the line-up to be 1945 vintage General Electric equipment.

Power Center No. 4 is located adjacent to Power Center No. 1 and is rated 750 kVA, 2300 — 480V,
3-phase, connected delta/wye with a 55 degrees Celsius temperature rise and provisions for future fan
cooling. There is no overcurrent protection or disconnecting means on the primary compartment. The
secondary compartment has a distribution panel with molded case circuit breakers consisting of a main
breaker and three feeder breakers. Data from plant records indicate the line-up to be 1993 vintage
General Electric equipment.

Power Center A is located near the Administration Building and is rated 500 kVA, 2300 — 480V,
3-phase, connected delta/delta with a 65 degrees Celsius temperature rise. There is no overcurrent
protection or disconnecting means on the primary compartment. The secondary compartment has a
molded case circuit breaker. Data from plant records indicate the line-up to be 1965 vintage General
Electric equipment.

Power Center B is located near Pump Station No. 7 at the Bio Towers and is rated 750 kVA, 2300 —
480V, 3-phase, connected delta/wye with a 65 degrees Celsius temperature rise and provisions for future
fan cooling. There is no overcurrent protection or disconnecting means on the primary compartment.
Data from plant records indicate the line-up to be 1995 vintage General Electric equipment.

Power Center C is located near the Process Water Pump Station in the vicinity of the Chlorine Facility
and is rated 500 kVA, 2300 — 480V, 3-phase, connected delta/delta with a 55/65 degrees Celsius
temperature rise. There is no overcurrent protection or disconnecting means on the primary compartment.
The secondary compartment has a distribution panel with molded case circuit breakers consisting of three
feeder breakers. Surface corrosion was visible on parts of the assembly. Data from plant records indicate
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the line-up to be 1979 vintage General Electric equipment. In general all power centers exterior finishes
are faded and chalky due the heat and environmental conditions. Where enclosure ground connections
were visible, cables were black, likely due to the present of H,S corrosion. Aside from the deficiencies
noted, all of the power centers were functional and no major malfunctions were noted.

3.5.1.12.3 On Site Power Generation Facilities

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

3.5.1.12.4 Motor Control Centers

There are two styles of motor control centers used throughout the plant and are located adjacent to and
within the process structures. Outdoor motor control centers are provided in National Electrical
Manufacturer’s Association (NEMA) 3R enclosures with front access weatherproof doors. Doors are
provided with filters in the ventilation slots to prevent the infiltration of dirt. Some enclosures have roof
top mounted exhaust fans that are thermostatically controlled and others are not ventilated. Due to their
physical location, most are dirty on the exterior.

The majority of all motor control centers are configured with two main breakers; one from the utility
source and the other from the generator source. The breakers are key interlocked so that only one breaker
can be closed at a time. The two equipment design vintages for all of the motor control centers on site are
General Electric 7700 Line and General Electric 8000 Line. Some are provided with or retrofitted with
transient voltage surge suppression (TVSS) and others have no protection. Protection has been provided
in line-ups where loads served include sensitive or electronic equipment. MCC CA is an outdoor line-up
located at the Effluent Pump Station. The line-up consists of early vintage variable frequency drives
which no longer function satisfactorily. The line-up and associated Effluent Pumps are currently
scheduled for replacement. MCC 2B is located at the Chlorine Feed and Storage Building. The line-up is
NEMA 1 construction located outdoors in a covered area. As the associated building is not in service and
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the remaining electrical load is minimal, replacement is not imperative at this time. Table 3-2 provides a
list of each motor control center.

3.5.1.12.,5 Plant Grounding System

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

3.5.1.12.6 Electrical Feeders

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

EQUIPMENT TAG LOCATION MANUFACTURER|VOLTAGE| TYPE |BUS AMPS|YEAR BUILT| MAIN CIRCUIT BREAKER
MCC-1 FLOTATION THICKENER BUILDING (INDOOR) GE 7700 480 V 3PH, 3W (600 A 1955|600 A
MCC-1B DIGESTER NO. 3 (OUTDOOR) GE 8000 480 V 3PH, 3W (600 A 1982|300 A
MCC-1C PUMP STATION 1 (OUTDOOR) GE 8000 480 V 3PH, 3W (600 A 2000|100 A
MCC-2 BLOWER BUILDING (INDOOR) GE 8000 480 V 3PH, 3W [600 A 1995|600 A
MCC-2A HEADWORKS (INDOOR) GE 8000 480 V 3PH, 3W (600 A 1989|250 A
MCC-2B CHLORINE BUILDING (OUTDOOR COVERED) GE 7700 480 V 3PH, 3W (600 A 1982|150 A
MCC-2BE CHLORINE BUILDING (OUTDOOR COVERED) GE 8000 480 V 3PH, 3W [600 A 1995
MCC-2C PUMP STATION 9 (OUTDOOR) GE 7700 480 V 3PH, 3W (600 A 1965|200 A
MCC-2D PUMP STATION 12 (OUTDOOR) GE 8000 480 V 3PH, 3W (600 A 1995[200 A
MCC-3A PUMP STATION 2 (OUTDOOR) GE 8000 480 V 3PH, 3W (600 A 2002|100 A
MCC-3B PUMP STATION 8 (OUTDOOR) GE 7700 480 V 3PH, 3W (600 A 1982|200 A
MCC-3C MECHANICAL BUILDING (INDOOR) GE 7700 480 V 3PH, 3W (600 A 1982(200 A
MCC-3D PUMP STATION 10 (OUTDOOR) GE 7700 480 V 3PH, 3W (600 A 1982|200 A
MCC-3E GRAVITY THICKENER NO. 3 (OUTDOOR) GE 8000 480 V 3PH, 3W [600 A 1995|200 A
MCC-4A DIGESTER NO. 5 (INDOOR) GE 8000 480 V 3PH, 3W (600 A 1982|200 A
MCC-4B DIGESTER NO. 6 (INDOOR) GE 8000 480 V 3PH, 3W (600 A 1995|200 A
MCC-AA ADMINISTRATION BUILDING (OUTDOOR) GE 8000 480 V 3PH, 3W |600 A 1996|200 A
MCC-AB PUMP STATION 14 (OUTDOOR) GE 8000 480 V 3PH, 3W (600 A 1999|200 A
MCC-BC PUMP STATION 4 (INDOOR) GE 7700 480 V 3PH, 3W (600 A 1982[200 A
MCC-BF PUMP STATION 7 (OUTDOOR) GE 7700 480 V 3PH, 3W (600 A 1982|100 A
MCC-BG DIGESTER NOS. 1 AND 2 (INDOOR) GE 7700 480 V 3PH, 3W [600 A 1982|250 A
BRP-4BR (MCC-BH) [PUMP STATION 4 (INDOOR) GE 8000 480 V 3PH, 3W (600 A 1993|800 A
MCC-C PROCESS WATER PUMP STATION (OUTDOOR) |GE 7700 480 V 3PH, 3W (600 A 1982|600 A
MCC-CA EFFLUENT PUMP STATION (OUTDOOR) GE 7700 480 V 3PH, 3W (600 A 1982|400 A
MCC-CB DECHLORINATION BUILDING (INDOOR) GE 8000 480 V 3PH, 3W (600 A 1995|200 A
MCC-CBE DECHLORINATION BUILDING (INDOOR) GE 8000 480 V 3PH, 3W |600 A 1995
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3.5.1.12.7 Comments on Electrical System

There are numerous upgrade projects in the planning, design and implementation stages which may
impact the existing electrical distribution system. The impact of the upgrades has not been factored in the
evaluation of the existing equipment. The issues discussed herein before relate only to the condition
assessment of the equipment as installed at the time of the onsite assessment. All electrical distribution
equipment is thermal graphically inspected annually and problems corrected upon completion of the
inspections. There is some electrical equipment which is probably more susceptible to problems or
possible failure due to its age, but at present is functioning satisfactorily. Equipment falling into this
category would be the 2400V Plant Switchgear, 7700 Line motor control centers and older 480V feeders.
It is suggested that this equipment be considered for systematic replacement if the existing system is to
remain viable. Also, a short circuit and coordination study is suggested as numerous electrical changes
have been made over the years and the study would be beneficial in identifying problem areas in the plant
electrical distribution system.

PCRWRD undertook an extensive evaluation of the electric system at Roger Road WRF in 2006 to
address short and long term power issues. Numerous actions resulted from the evaluation. However,
considering the long term fate of the existing electrical system at Roger Road WRF, PCRWRD was able
to consider interim power/electrical measures in several areas and was able to save $6 million dollars in
capital construction that would have not have had value in the future facilities. The interim electrical
measures will provide adequate service over the life of the facility.

3.5.1.13 Instrumentation and Control

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

3.5.1.13.1 SCADA System

The plant has a rudimentary SCADA backbone that is fully functional but is under-utilized. The
backbone consists of a fiber optic trunk network that runs throughout the plant and connects a number of
Allen-Bradley PLCs using a DH-Plus™ network protocol. The fiber optic PLC network interconnects the
following facilities:

Chlorination Facility
Dechlorination Facility
Digesters

Generator (Maintenance) Facility
Biotowers (Pump Station No. 4)
Blower Building

Headworks

Administration Building
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The entire plant has less than 600 monitored and computed parameters, many (~120) of which are from
the abandoned chlorination and dechlorination facilities. The SCADA system has two computer
workstations at the Administration Building running Rockwell RS-View™ HMI software that the
operators use primarily to monitor real-time trends of various analog inputs and also equipment and
process alarms using process graphic displays. The system is fully functional.

There is virtually no information monitored regarding equipment running status or the positions of the
various valves and gates. While the PLCs have the capability of being programmed for remote control,
that capability has not been implemented. There is presently no ability to remotely start or stop any
equipment using the SCADA system. There is some automatic control being performed locally, but for
the most part, the plant is operated completely manually.

In summary, there is a sound hardware foundation and network backbone to the SCADA system that has
not been adequately developed to provide a useful real-time aid to Operations personnel. What was
installed is adequate for as far as the system was developed. But the overall system is in need of a
significant upgrade to fully utilize the system’s capabilities. At the very least, the addition of remote
control of equipment would serve the operations personnel well after a power interruptions by eliminating
the need to go all over the plant to restart equipment.

3.5.1.13.2 Headworks

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

3.5.1.13.3 Primary Clarifiers

The only instrumentation associated with the clarifiers is the flow meters on the sludge lines to the gravity
thickeners. Although some of the meters are quite old, they appear to be in good working condition and
are installed properly with respect to upstream and downstream piping runs.

Scum pumps are manually controlled locally and scum discharge lines to the digesters are not metered.
Primary sludge pumps are controlled locally based on time cycles.

B Primary tanks Nos. 1-4, 9 and 10 are on a repeating cycle of 7 minutes running, 3 minutes off.
B Primary tanks Nos. 5-8 are on a repeating cycle of 9 minutes running, 1 minute off.

3.5.1.13.4 Biotowers and Biotower Pump Station

The biotower feed pumps all discharge into a common header which feeds the biotowers in two
directions. Although there is manually operated butterfly valve at the feed point to each biotower, there is
no way to determine the flow split to each tower. As a result, Operations personnel report having
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observed instances where the biotower distribution arms were not moving in one of the biotowers at low
flows. Because of piping arrangement, flowmeters would have to be added to the underground piping to
measure the flow split, which could then be controlled by the manual butterfly valves.

The original control system which blended RAS back into the feed pump wet well based on wet well level
is no longer in use. The original system was configured to run the pumps at a constant speed and
maintain the wet well level by blending RAS back into the wet well to make up the difference between
pumping rate and influent to the wet well from the primary tanks. This control system has been
abandoned and the pumps are now manually adjusted in response to wet well level changes as measured
by a pneumatic bubbler system. RAS is no longer returned to the biotowers.

The pump engines each have dedicated control panels with IDEC PLCs. Status and control signals are
hardwired from each panel to a master panel (FID-BR) which contains an Allen-Bradley PLC acting as a
data concentrator on the SCADA network. The system is operational and the bubbler system for the wet
well is reportedly trouble-free.

3.5.1.13.5 Aeration Tanks

There is no way to measure or control the wastewater flow split to the various aeration tanks.

Aeration Tanks No. 1 and No. 2 have orifice plates installed to measure the flow of air to the diffusers.
There is a flow control valve located only five feet upstream from each meter. This lack of sufficient
straight upstream piping can distort the flow profile and makes the accuracy of these meters questionable.
The orifice plates have no transmitters to allow remote monitoring of the flow. Instead, they have local
differential pressure gauges calibrated to read in scfm. The gauges were pegged at maximum flow when
observed. The indicators appear to be quite old.

Aeration Tanks Nos. 1 and 2 each have Hach LDO dissolved oxygen probes located at the end of each
pass. These were newly installed meters. Each tank was reading between 3 and 3.3 mg/L dissolved
oxygen (DO) when observed. These meters are state of the art and require significantly less maintenance
than earlier generation DO meters.

Aeration Tanks Nos. 3 through 6 also have orifice plates installed to measure air flow to the diffusers.
However, these meters have the proper unobstructed upstream piping runs. The flow control valves for
these lines are located roughly four feet downstream from the meters. These meters also have no
transmitters. They are equipped with old Foxboro differential pressure indicators. These flow meters
should provide acceptable accuracy.

Aeration Tanks Nos. 3 through 6 also have newly installed Hach LDO dissolved oxygen meters. The
probes are installed at the end of the second pass in each tank. The probe for Tank No. 3 was removed for
repair during the onsite assessment. The remaining tanks had DO readings ranging from 2.41 to 3.05
mg/L when observed.

3.5.1.13.6 Blower Building

Each of the three engine driven blowers have a dedicated package control panel with an Allen-Bradley
PLC. Blowers are controlled by modulating the inlet guide vanes with the engine driven blower running
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at a constant speed. The blower panels are connected to the fiber optic SCADA network at master panel
remote terminal unit (RTU)-BB which converts the copper interface signals from each panel’s PLC to
fiber optic signals.

The north and south air discharge headers from the blowers are isolated and separately metered. Air flow
meters are thermal mass flow elements and are functioning properly and installed with the recommended
straight upstream piping run. When observed, Blower 2 was serving the south feed to Aeration Tanks
Nos. 1 and 2 and was reading 7,600 scfm. Blower 3 was serving the north feed to Aeration Tanks Nos. 3
through 6 and was reading 3,250 scfm.

3.5.1.13.7 Flow Split to Final Clarifiers

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

Plant staff is also considering adding motor actuators to the weirs to be able to control the flow split in
real-time.

3.5.1.13.8 Final Clarifier RAS and WAS Flow Metering

All return and waste activated sludge lines from the final clarifiers are well instrumented. All sludge lines
are equipped with magnetic flowmeters. These meters all appear to be operating properly and are
installed with the correct piping configuration upstream and downstream from the meter.

Scum pumps are manually controlled locally and scum discharge lines to the digesters are not metered.

3.5.1.13.9 Disinfection Facility

Disinfection is achieved by feeding sodium hypochlorite in response to chlorine residual at the contact
tank. There are two U.S. Filter liquid chemical feeders located in the hypochlorite feed building that
meter the hypochlorite under vacuum to the two U.S. Filter Water Champs in the common contact tank
influent channel. A sample pump taking suction from the east contact basin a short distance downstream
from the Water Champs conveys a sample to a chlorine residual analyzer in the old chlorination feed and
storage building. When observed, this analyzer was reading 5.59 mg/L total chlorine. This was the
analyzer being used to control the hypochlorite feed rate.

A second chlorine analyzer was assigned to monitor the residual of the process water which was pumped
from the contact tanks effluent channel. This analyzer indicated 3.6 mg/L total chlorine when observed.
The controls are configured with a selector switch to allow either of these two analyzers to control the
hypochlorite chemical feeders.
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Each contact tank has an ultrasonic level transmitter located in the first pass of the tank, well upstream
from the effluent weirs, to compute flow. It is unclear why these transmitters were located so far away
from the effluent weirs.

Dechlorination is achieved using a sodium bisulfite feed system which is identical to the hypochlorite
liquid chemical feeders. The bisulfite feeders are located in a small dedicated structure adjacent to the
day tank. Sodium bisulfite is fed to two Water Champs located just upstream from the two effluent
Parshall flumes. Each flume has an ultrasonic level/flow transmitter. Chemical feeders are paced by the
flume flow readings and control to an ORP probe reading immediately downstream from the flumes.
There is an alternate ORP analyzer at the outfall sampler location which can also be used for control. The
ORP transmitters are located in the old dechlorination feed facility. The flume outlet probe was reading
105-107 millivolts when observed. ORP control of dechlorination is becoming very common and is
considered appropriate technology for accurate control.

3.5.1.13.10 Thickener Metering Building

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

3.5.1.13.11 Gravity Thickeners

Combustible gas detectors located inside the covered thickener reportedly foul rapidly due to sulfide
contamination, requiring replacement every few months.

Thickener No 3 has two thickened sludge magnetic flowmeters, whereas Thickeners No. 1 and No. 2 have
no thickened sludge metering.

3.5.1.13.12 Sludge Digesters

All digesters have thermal mass flowmeters which measure the flow of service gas and gas to the waste
gas burners. These are appropriate meters for this application and functioning correctly.

Digesters No. 4 and No. 5 are secondary digesters and are equipped with liquid level transmitters and gas
holder cover position transmitters. Although relatively old, these appear to be functioning properly.

3.5.1.13.13 Sludge Pumping Station

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

3.5.2 Ina Road WRF

3521  System Description

The Ina Road WRF systems descriptions are organized into the following chapters:
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Emergency Overflow Basins
Headworks
High-Purity Oxygen Activated Sludge Process
—  Primary Clarifiers
- Activated Sludge Reactors
- Secondary Clarifiers
- Sludge Thickeners
- Chlorination Facilities
— Digesters
—  Odor Control
B Biological Nutrient Removal Activated Sludge Process
— Intermediate Pump Station
—  Primary Clarifiers
-~ Anoxic/Aeration Basins
-~ Secondary Clarifiers
—  Chlorination Facilities
—  Odor Control
Centrifuge Building
Covered Sludge Storage Basin
Dechlorination
Electrical
Instrumentation and Control
Laboratory Facilities

35.22  Emergency Overflow Basins

There are three concrete lined Emergency Overflow Basins at the Ina Road WRF. The three basins can
hold approximately 19 million gallons of overflow. In case of an emergency, flow can be diverted from
the Headworks to the overflow basins. Overflow Basin No. 1 will fill and then overflow a weir into
Overflow Basin No. 2 which will fill and then overflow a weir into Overflow Basin No. 3. There is a
drain that sends flow back from Basin No. 3 to Basin No. 2 then to Basin No. 1, which has a pump that
pumps the overflow back to the Headworks. The Overflow Basins are used only a couple of times per
year to hold overflow from the Headworks, usually during monsoon season.

In addition to holding plant overflow, the Emergency Overflow Basin No. 1 is used to store and dewater
plant screenings that are too wet to be disposed of at a landfill, the contents of vactor trucks hauling from
scum pits and sump pumps at the plant, and also the contents from vactor trucks that are cleaning out
clogs in the collection system. From these sources grease, raw sludge, solids, and other highly odorous
materials are dumped into the basins to dry. Once the materials have dried, front end loaders transfer the
material to trucks which remove the material for landfill disposal. By doing this, the Emergency
Overflow Basins have become a major source of offsite nuisance odors. There have been numerous odor
complaints from patrons of a sports park that is located a couple of hundred feet from the basins. Since
late 2006, some of the sports park complaints are attributed with the landfill operation adjacent to the
Emergency Overflow Basins. Ina Road WRF personnel have begun a regiment of applying a sodium
hypochlorite solution into the stored materials in the basins to curb odors.
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3.5.2.3 Headworks

Influent flow is split through two U.S. Filter Rake Arm style Coarse Screens. There is room for a future
third Coarse Screen. The Coarse Screens discharge onto a Serpentex style belt conveyor. The belt
conveyor carries the coarse screenings to a coarse screenings hopper that stores the coarse screenings

until disposal. When a disposal truck drives underneath the coarse screenings hopper a gate opens and the
disposal truck is loaded for landfill. If the coarse screenings belt conveyor were to be out of service, plant
personnel would use a bypass chute off the coarse screens into a manual dumpster.

The coarse screened wastewater is then pumped up approximately 20 feet in elevation by three Influent
Screw Pumps capable of pumping 32 mgd each. There is room for a future fourth Influent Screw Pump.
Usually one pump and sometime two pumps are running. The pumps are capable of running in Auto
mode from SCADA but are generally run in local manual mode.

The pumped influent flows through three Parkson Aquaguard moving media Fine Screens. The Fine
Screens discharge onto a belt conveyor which discharges onto a shorter reversible cross belt conveyor. If
the fine screenings belt conveyor were to be out of service, plant personnel would use a bypass chute off
the fine screens into a manual dumpster. One screen is always run continuously in Computer Manual
mode. Manual operation does not interlock the screen with the conveyor. A second screen runs in
Computer Auto mode (repeating timed cycle), which does interlock the screen with the conveyor. The
screens are set to operate in this manner to prevent the conveyor, screenings washer/press and reversible
cross conveyor from operating continuously when little amounts of screenings are being collected.

The reversible cross conveyor discharges the screenings into one of two Waterlink Hycor Screenings
Washers. The Screenings Washers discharge the washed screenings into an associated Waterlink Hycor
Screenings Press. The two Screenings Presses each discharge screenings into a fine screenings hopper.
The fine screenings hopper works similar to the coarse screenings hopper.

The screened wastewater flows to three Aerated Grit tanks. The grit tanks have chain and flight collector
mechanisms. Four blowers located in the blower room beneath the grit tanks are used to aerate the grit.
Grit is then pumped by five Wemco Grit Pumps to three Wemco Hydrogritters Grit Washers where the
grit is removed from the wastewater, washed and discharged to a grit hopper. The grit hopper is used in a
similar capacity to the screenings hoppers.

The screened and degritted wastewater then flows through a single Parshall flume discharging to the
conduit feeding the HPO system and BNRAS system. This flume measures the total influent flow to the
treatment plant.

The influent channels, Influent Screw Pumps, Aerated Grit Tanks, Parshall flume, and grit tank effluent
channels are all covered with solid cover plates and concrete. This is for odor control and will be
discussed in greater detail under odor control below.. Rodney Hunt sluice gates are used to isolate
screens, grit tanks, parshall flume, and flow to the rest of the plant. An Ingersoll Rand service air
compressor was installed in the basement of the Headworks facilities underneath the stairwell. Plant
personnel indicated that the compressor worked, but code will not allow for a compressor in the stairwell,
so they will be relocating the compressor to another location in the Headworks.
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Plant personnel have indicated that the Coarse Screens, belt conveyors, Influent Screw Pumps, Fine
Screens, and gates all work well and are in good condition. The only problem experienced is that the
coarse screen rake mechanism bounces excessively during travel. This has caused the metal support
structure to suffer fatigue breaks on different occasions. Plant staff has been able to weld and reinforce
the metal support frame. The Screenings Washer is experiencing problems with stones and rocks. Stones
and rocks that are caught by the screens are wearing away at the brushes within the Screenings Washers.
Consequently the Screenings Washers brushes need frequent replacement and the cycle times for the
washing are longer. Plant personnel also mentioned that there are high levels of grease in the influent.
The Screenings Presses would run and the grease would be extruded and dumped back into the
Headworks. Consequently the grease levels would keep increasing since the grease would never leave the
system. To solve this, plant personnel have removed the plate that the press would compress against, so
now the press simply extrudes uncompressed screenings to the hopper. Because the screenings are not
being pressed, the screenings are much wetter than is acceptable for land fill disposal. Occasionally a
truck will have to dump the screenings into the Emergency Overflow Basin to dry, prior to being disposed
of at a landfill. This practice has been discontinued. Another problem that occurred with the Screenings
Presses is rock accumulation. As rocks build up within the press area, the press is unable to compact the
rocks and the unit faults out on “incomplete press cycle”, resulting in the washer and screens faulting out
due to interlocks with the press.

The grit and screenings hoppers drains are sloped the wrong way, so liquid does not drain away from the
hoppers, resulting in a wet load for the disposal trucks that occasionally need to empty the hopper loads
into the Emergency Overflow Basins to dewater. Plant personnel noted that the grit pumps send grit to
the grit washers in two lines; however, there are three units. As a result, there is not enough flow capacity
so that all three units could run at one time. It was also noted that the drains on the Grit Washers were all
undersized, so if too much flow is sent to the Grit Washers, the room containing the grit washers,
screenings washers, and screenings presses will flood.

3.5.24  High-Purity Oxygen Activated Sludge Process

The older portion of the Ina Road WRF treats wastewater flows up to 25 mgd using a HPO process. The
facilities that are part of the HPO process are described below.

3.5.24.1 Primary Clarifiers

There are four concrete covered rectangular Primary Clarifiers that have two sections per clarifier. Each
clarifier has plastic chain and flight collectors. Ten years ago, helical scum skimmers were installed at
the effluent weirs of the clarifiers. Centrate from the Centrifuge Building was originally pumped to the
Headworks, however, the centrate line became plugged by struvite. Centrate is now being pumped
directly to the influent box of the Primary Clarifiers. The common influent channel also receives all other
recycle flows. Six Wemco Primary Sludge Pumps are located in the tunnels beneath the Primary
Clarifiers. There are four Muffin Monster grinders on the headers of the Primary Sludge Pumps. There is
one Allis-Chalmers Dewatering Pump that can dewater the clarifiers.

Plant personnel indicated that the drives for the collector mechanisms have been rebuilt over the years and
appear to be in good condition. The concrete tanks appear to be in good condition with only normal
shrinkage cracking evident, based on external visual inspection. Severe corrosion was evident at the
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scum skimmer building, to the point of making the doors difficult to open and close. The scum
skimmings are often so thick that the two scum pits at the Primary Clarifiers can not be pumped out by
the existing scum pumps. Either a vactor truck must vacuum the scum from the scum pits and then empty
the scum in the Emergency Overflow Basins or plant personnel must spray a hose into the pit to dilute the
scum enough to be pumped.

3.5.24.2 Activated Sludge Reactors

Flow from the Primary Clarifiers goes to the four Activated Sludge Reactors where high purity oxygen is
introduced to the space above the liquid surface. The four Activated Sludge Reactors each have three
stages. Each stage has a Lightning surface aerator to transfer the high purity oxygen into the mixed
liqguor. Sample ports and access manways are located by each surface aerator. A foam suppression system
is provided at the discharge end of the reactors, but plant personnel stated that the system had never been
used. In the tunnel beneath the Reactors, there is an Aurora Reactor Dewatering Pump that can be used to
dewater the Reactors. Along the North side of the Activated Sludge Reactors is the Oxygen Production
Facility which produces all on the oxygen that is introduced into the Activated Sludge Reactors. The
oxygen facility equipment consists of three Pressure Swing Absorption (PSA) type HPO generators.
Three Union Carbide PSA Oxygen Generators are located outside the blower building. Within the blower
building, there are three Joy Manufacturing Co. Oxygen Generation Compressors, two Joy Manufacturing
Co. Instrument Air Compressors, two Chilled Water Pumps, one Basco Inc. Air Cooler, and one
Wilkerson Refrigerated Air Dryer. Also located outside the building are two liquid oxygen (LOX)
storage tanks. The plant normally receives one delivery load of liquid oxygen per week.

The concrete top of the Reactors has normal shrinkage cracks, but in one location, a very large chunk of
concrete has broken off the rest of the concrete top. Plant personnel advised that because of the concrete
cover on top of the Reactors, no one is certain of the condition of the concrete beneath the tank cover.

3.5.24.3 Secondary Clarifiers

Flow from the Activated Sludge Reactors is distributed to four 115-foot diameter circular Secondary
Clarifiers. The Secondary Clarifiers all have Dorr-Oliver collector mechanisms. Due to the hydraulics of
the plant, the clarifiers are located approximately 5-feet below grade so that the wastewater stream may
flow by gravity to the clarifiers. The RAS Pump Station is located between the four Secondary Clarifiers
and contains five vertical centrifugal RAS pumps and five vertical centrifugal WAS pumps. The VFDs
for the RAS Pumps and the WAS Pumps are located in the adjacent Vacuum Filtration Building. The
Vacuum Filtration Building no longer is used for filtration; instead it is now used to house the VFDs,
electrical gear, and a laboratory.

The clarifiers still have their original Dorr-Oliver collector drives, so some signs of wear are evident on
the drive and bridge. The Plant personnel indicated no operational problems however. The concrete of
the clarifiers, based on visual inspection only, appears to be in good condition. The RAS Pump Station
had recently flooded and all the pumps were submerged. Plant personnel advised that the pumps have
been sent to the manufacturer for cleaning and maintenance and have been reinstalled by staff.
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3.5.24.4  Sludge Thickeners

Four 40-foot diameter Gravity Thickeners were constructed as part of the original construction at Ina
Road WRF. In the 1980’s Gravity Thickeners No. 2 and No. 4 were converted into DAF Thickeners. In
the 1990’s Gravity Thickener No. 1 was converted into a DAF Thickener. At present there are three DAF
Thickeners, each with Eimco drives and one Gravity Thickener with a Westech drive. Between Tanks
No. 1 and No. 3 there are two Peerless DAF Recirculation Pumps with a spot for a future third pump if
Gravity Thickener No. 3 is converted to a DAF Thickener. There are also two Kaeser Air Compressors
and one Westech Pressurization Tank. Between Tanks No. 2 and No. 4 there are three Peerless DAF
Recirculation Pumps and two Pressurization Tanks. The basement of the Thickener Building contains six
Carter Pump Thickened Sludge Pumps. These pumps were replaced in the late 1980’s. At the top of the
tanks is an influent splitter box. The sludge is split to either Tanks No. 1 and No. 3 or to Tanks No. 2 and
No. 4. After this split, dedicated pipes to a particular tank feed each tanks influent feed box. Due to open
hatches atop the tanks and open air splitter boxes and feed boxes, odors are very noticeable within the
Thickening Building.

Plant personnel indicated that rehabilitation of the tanks has been performed within the last four years, so
the tanks, based on visual inspection and the testimony of plant staff, appear to be in good condition.
Thickener No. 1 has a new pump and accessories. All of the equipment between the remaining tanks is
showing signs of excessive wear and tear. Between Tanks No. 2 and No. 4, new DAF Recirculation
Pumps and a new Pressurization Tank are scheduled to be installed by in-house personnel to replace the
existing equipment. This could be the result of the equipment being exposed to a corrosive environment.
The tanks are closely placed to one another so not a lot of air flows between the tanks. Combine the open
air splitter boxes and feed boxes with the lack of fresh air and a corrosive environment is created that can
result in premature degradation of the equipment and higher than normal maintenance.

3.5.245 Chlorination Facilities

The Chlorination Facilities of the HPO system disinfect only the HPO system effluent. The BNRAS
system has its own chlorination facility. Dechlorination of the combined effluent from both systems
occurs together and will be discussed in a later chapter.

The HPO system has two Chlorine Contact Tanks. A Service Water Building is located upstream of the
Chlorine Contact Tanks. The Service Water Building contains three Worthington Cooling Water Pumps,
four Fairbanks Service Water Pumps, one Superchanger heat exchanger (providing cooling water for
engines), two Chlorine Water Booster Pumps, a sodium hypochlorite flash mixer, and a sampler pump.
The flash mixer injects sodium hypochlorite into the HPO plant effluent stream. The HPO plant effluent
then is split to the two Chlorine Contact Tanks. After going through the Chlorine Contact Tanks, the
HPO plant effluent travels through a parshall flume. The parshall flume is undersized for the current
flow, so flow measurements are no longer accurate from this flume. Adjacent to the Service Water
Building, two sodium hypochlorite storage tanks are located within a concrete containment area and two
sodium bisulfite storage tanks are located within a separate concrete containment area.
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3.5.2.4.6 Digesters

There are four anaerobic digesters, all presently being operated as primary digesters. Three Digesters
have four external draft tube mixers (which are only used when the Digester are being fed) and one center
mixer. The fourth digester has only an Enersave Fluid Mixers Inc. center mixer. Digesters No. 1 and

No. 3 have fixed covers. Digesters No 2 and No. 4 have floating covers. The four Digesters share a
waste gas burner. A Digester Control Building is located between the four Digesters and contains four
National Welding and Manufacturing Co. Digester Gas Compressors, four EIMCO heat exchangers (two
new and two originals), Varec sludge gas equipment, four Peerless Hot Water Pumps (for Heat
Exchangers) two Peerless Service Water Pumps, four Wemco Heat Exchanger Pumps, and five Watson
Marlow Sludge Pumps (two originals and three from the 1980’s).

Based upon visual inspection, the digesters show signs of shrinkage cracks and some wear but generally
appear to be in good condition. Plant personnel indicated there has been discussions regarding the
replacement of the existing external draft tube mixers and center mixers on the three Digesters with an
Enersave center mixer similar to what is on the fourth Digester.

3.5.2.4.7 Odor Control

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

352471 Headworks

The influent channels, screw pumps, aerated grit tanks, and parshall flume are all totally enclosed with
concrete covers and provided with removable solid cover plates for access. Air is drawn off the influent
channel, the coarse screen room, the influent screw pumps, fine screen room, grit tanks, grit tank effluent
channels, and Parshall flume and sent to two Metpro Corp. chemical scrubbers. Each chemical scrubber
has an inlet fan. Each chemical scrubber discharges to three carbon units (total of six carbon units).

Plant personnel indicated that the chemicals from the chemical scrubbers were causing a scummy buildup
that was plugging the drain lines. Consequently the chemical scrubbers were taken out of service about 3
years ago. There is no bypass, so air still must flow through the chemical scrubbers on its way to the
carbon units. The carbon units, based on external visual inspection, appear to be in good condition. Plant
personnel advised that the carbon life was estimated to be five years. The carbon units have been running
for longer than five years and the carbon has not experienced an odor breakthrough. In the screenings
rooms there are noticeable odors.

Staff noted that there is no way to get inside the scrubber ducting to inspect it or clean it.

3-26

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



Pima County Regional Wastewater Reclamation Department
Tucson, Arizona

Pima County Regional Optimization Master Plan

Regional Optimization Master Plan
Final Report
Chapter 3 — Treatment Plant Evaluation

3.5.2.4.7.2  Primary Clarifiers

The primary clarifiers have a concrete cover over them to contain odors. Multiple odor draw off points
located along the side of the clarifiers draw off air and send the air to a biological scrubber that is located
adjacent to the clarifiers for treatment. The Primary Clarifier effluent weirs and skimmers are located in
the Skimmer House. The Skimmer House originally had rolling overhead doors to bring equipment in
and out of the Skimmer House. These doors have since corroded away and the openings have been
boarded up. Also, the access doors are showing signs of heavy corrosion and will have to be replaced in
the near future. The environment within the Skimming House is highly corrosive and odorous.

35.25  Biological Nutrient Removal Activated Sludge Process

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

3.5.25.1 Intermediate Pump Station

The screened and degritted wastewater that is not sent to the HPO System is sent to the BNRAS system
for treatment. Four Fairbanks Morse vertical turbine submersible pumps are provided to pump the
wastewater to the new Primary Clarifiers. Gates are provided to isolate the pumps. A jib crane is
provided to remove the pumps when service or repair is needed.

At the time of the field inspection, the Influent Pump Station had not yet been placed into service for
pumping sewage. During startup, while pumping water instead of wastewater, plant personnel indicated
that they discovered that the influent magnetic flow meter measuring flow between the Pump Station and
the Primary Clarifiers was oversized. As a result, low flow measurements taken by this magmeter may be
inaccurate, a smaller magmeter should be installed in its place.

3.5.25.2 Primary Clarifiers

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

3.5.25.3 Anoxic/Aeration Basins

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

3.5.25.4  Secondary Clarifiers

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

3.5.25.5 Chlorination Facilities

The Chlorination Facilities for the BNRAS system disinfect only the BNRAS system effluent. The HPO
system has its own chlorination facility as discussed above. Dechlorination of both systems occurs
together and will be discussed in a later chapter.

The BNRAS system has two Chlorine Contact Tanks. The BNRAS plant effluent splits to the two
Chlorine Contact Tanks. Each tank uses a flash mixer to inject sodium hypochlorite into the BNRAS
plant effluent stream. After flowing through the Chlorine Contact Tank the chlorinated BNRAS plant
effluent comes back together and flows to the dechlorination equipment. Three Fairbanks Morse Service
Water Pumps use the chlorinated plant effluent as service water for the plant. There is room for a future
fourth Service Water Pump.

3.5.25.6 Odor Control
35.25.6.1 Influent Pump Station

A chemical scrubber is located adjacent to the Influent Pump Station to treat odors exhausted from the
Influent Pump Station and influent channels.
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35.25.6.2  Primary Clarifiers and BNRAS Tankage

Air is exhausted from the Primary Clarifiers, Skimmer Building and the BNRAS Anoxic Basins and is
sent to a chemical scrubber located next to the Primary Clarifiers. Air is exhausted from the BNRAS
Aeration Basins and is sent to a chemical scrubber located next to the BNRAS Primary Clarifiers.

3526  Centrifuge Building

Sludge from Ina Road WRF and Roger Road WRF is handled within the Centrifuge Building. There are
five Sludge Holding Tanks capable of storing 120,000 gallons each. Sludge Holding Tank No. 1A, 1B,
and 1C hold Ina Road WRF and Roger Road WRF digested sludge separately. Sludge Holding Tank No.
2 holds centrate and dilution water from Roger Road WRF that is sent back to the primary clarifiers.
Sludge Holding Tank No. 3 holds thickened sludge that is sent to the Sludge Storage Bladder. Two
Moyno pumps are used to pump the thickened sludge from Sludge Holding Tank No. 3 to the Sludge
Storage Bladder. Four Hydromatic pumps are used to pump sludge from Sludge Holding Tank No. 1A,
No. 1B, No. 1C, and No. 2 to the associated locations.

Two Sharples centrifuges installed in the mid 1980’s and one Alfa Laval centrifuge installed 2-1/2 years
ago thicken the Ina Road WRF and Roger Road WRF sludge to about 8 percent solids. Normally one
centrifuge is run at one time. Four Reeves Feed Pumps pump sludge to the centrifuges. Two Reeves
Cake Pumps installed in the mid 1980°s and one Schwing Cake Pump installed 2-1/2 years ago pump
cake solids to Sludge Holding Tank No. 3. The Schwing Pump was installed in case the plant decides to
go to dewatering with the centrifuges at some time. Three Reeves Polymer Feed Pumps installed in the
mid 1980’s and one Viking Polymer Feed Pump installed 2-1/2 years ago pump polymer from totes along
the wall to the centrifuges.

On the roof of the Centrifuge Building is the pig receiving station in the sludge pipeline from Roger Road
WREF. A splitter box with a bar screen receives the sludge pumped from Roger Road WRF. Plant
personnel manually switch valves to direct the flow of sludge and dilution water to different holding
tanks when a pig appears. They also rake the bar rack to remove rags and any other solids that are caught
by the bar screen and dispose of them in chute to a dumpster along the north side of the Centrifuge
Building.

At the time of the Greeley and Hansen site assessment, one of the Sharples centrifuges had been sent back
to the shop for routine maintenance. The pumps, centrifuges, and polymer equipment, based on visual
inspection and reports by plant personnel, all appear to be in good shape.

Before going onto the roof to look at the pig receiving station, a handheld gas detector was required to
make sure that no gases were at hazardous levels on top of the roof. This is because odorous air escapes
from the sludge holding tanks through the candy cane shaped intake vents located only a foot or so above
the roof slab at many locations across the top of the roof. These vents allow escaped gas to collect along
the slab below the roof parapet.

3-29

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



Pima County Regional Wastewater Reclamation Department
Tucson, Arizona

Pima County Regional Optimization Master Plan

Regional Optimization Master Plan
Final Report
Chapter 3 — Treatment Plant Evaluation

3.5.26.1 Centrifuge Building Odor Control

One small carbon unit adjacent to the East side of the Centrifuge Building and two large carbon units
adjacent to the North side of the Centrifuge Building are used for odor control at the Centrifuge Building.
Plant personnel indicated that the odor system was originally designed to treat odors eight hours per day;
however the units are now treating odors twenty four hours per day and, in the opinion of plant personnel,
are undersized for this application. Plant personnel have moved the chemical scrubber that was no longer
in service at the Vacuum Filter Building to the North side of the Centrifuge Building. There have been
discussions of connecting the chemical scrubber to the existing carbon odor control system at the
Centrifuge Building to supplement the existing treatment capacity.

Odors are noticeable within, around, and on top of the Centrifuge Building. PCRWRD took action to
improve odor capture and provide acceptable levels of odor treatment at the centrifuge building.

3.5.27  Covered Sludge Storage Bladder

Thickened Sludge is pumped from Sludge Holding Tank No. 3 in the Centrifuge Building to a rubber
covered Sludge Storage Bladder located nearby within an earthen berm. The sludge is stored here for
disposal trucks to remove and haul away. The disposal trucks are filled at a truck loading station that is
adjacent to the storage bladder. The truck loading station pumps sludge out of the storage bladder to the
disposal trucks.

Due to the age of the bladder (>25 years) the structural integrity is a concern . The bottom of the bladder
is not visible for inspection. It is not possible to determine the condition of the bottom and interior of the
bladder. Based upon visual observation, the top of the bladder appears to be in good condition. No leaks
or tears are evident on the top of the bladder.

3528 De-chlorination

Chlorinated plant effluent from the BRNAS system and the HPO system comes together in a large vault
just to the west of the HPO Chlorine Contact Tanks. At this point, de-chlorination is achieved by feeding
Sodium Bisulfite to this vault and injecting it into the combined flow. Just downstream of this vault is a
sampling structure where effluent ORP is measured for control of the de-chlorination chemical feeder.

The combined plant effluent discharge flow meter structure is located northwest of the plant and along Ina
Road north of the landfill. A 6-foot Parshall flume nested within a 10-foot parshall flume measures the
effluent flow. Future flows require a 10-foot Parshall flume; however, current flows would not register
accurately on such a large parshall flume. The 6-foot Parshall flume nested within the 10-foot parshall
flume is able to measure current flows. In the future, when the flows increase to be in excess of the 6-foot
parshall flume capacity, the 6-foot Parshall flume will be removed from the larger flume. At that point,
the 10-foot Parshall flume will measure flow.

There is also a duplicate measurement of effluent ORP made at this metering structure.

These structures are all new, and based on visual inspection, concrete and equipment appear to be in
good condition.
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3.5.2.9 Electrical

The Ina Road WREF electrical power distribution system is served from utility sources and on site
generators. The HPO plant constructed during the 1970's and the Centrifuge Building added in the 1980's
are powered by the generators at the plant power generation facility. The current plant expansion is
powered from three separate TEP incoming utility electric services.

The plant power generation system consists of seven 650 kW, 4160 volts, 3-phase generators connected
in parallel to 4.16 kV Switchgear “A/B”. Switchgear feeder breakers distribute power to six outdoor unit
substations and three 400 horsepower Oxygen Compressors. The unit substations are connected delta-wye
with their secondaries rated 480-volts, 3-phase. The secondary of each unit substation serves a close
coupled walk-in aisle 480-volt switchboard with the exception of the two at the Centrifuge Building. The
Centrifuge Building unit substations serves a motor control center directly from the secondaries of the
substation transformers. Those configured with secondary switchboards distribute power to motor control
centers and other utilization equipment.

The three TEP incoming utility electric services are located at the Headworks, New RAS/WAS Pump
Station and the Blower Building. TEP provides incoming power at 13.8 kV, 3-phase that is stepped down
at each location to the required utilization voltages using Plant owned transformers and unit substations.
The utility electric services are autonomous from each other and are individually metered for billing. The
power distribution system at each facility is further described in detail within this assessment.

3.5.29.1 Plant Power Generation System

The plant power generation system is housed in the Energy Recovery Facility which has been renamed to
the Powerhouse. The engine generator units with heat recovery equipment are located on the ground
level floor with associated 4.16 kV Switchgear “A/B” located on the upper level floor.

Each of the 650 kW, 4.16 kV, 3-phase plant generator units is driven by a 12 cylinder Waukesha engine
capable of operating on methane, natural, or propane gas. The generators are by Electric Machinery Co.
which they no longer manufacture. The plant is normally operated with five units generating power to the
plant, one unit in the standby mode and one unit down for maintenance. Two units are normally operated
on methane and three units on natural gas. The amount of methane gas currently produced by the plant
determines the number of units operating on methane. Propane is provided as a back-up source for the
natural gas pipeline. Each unit has been re-built four times since the initial installation which equates to
approximately 7 years or 43,000 hours of operating time between overhauls. Presently, operating times
have been extended to 45,000 hours. Removal of the units for major overhauls requires the use of “A”
frames and fork lifts as there is no overhead crane in the building. Due to the limitations in the machining
tolerances of the engine blocks and the subsequent operational failure of Unit #5, the blocks for Units #5,
6 and 7 have been replaced. A local outsource maintenance shop has been providing maintenance on the
generators which has proven to be satisfactory. As part of the overall energy system, heat is scavenged
off the engines for use in HVAC systems, production of chilled water, domestic hot water and heating
sludge in the digesters. The heat recovery system is not addressed herein as the focus of this assessment is
the electrical equipment and systems.
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The 4.16 kV Switchgear “A/B” has line-up air magnetic circuit breakers and generator paralleling
controls manufactured by Waukesha Engomatic Control. The air magnetic circuit breakers are
manufactured by ITE which is no longer in business. A local outsource maintenance shop has been
providing maintenance on the circuit breakers which has proven satisfactory. The bussing of 4.16 kV
Switchgear “A/B” is arranged with two generators on the Section “A” bus, four generators on the Section
“B” bus and a single generator on a third bus isolated by tie breakers connected to Sections “A” and “B “.
The Section “A” bus primarily feeds the three 400 horsepower Oxygen Compressors with Section “B”
serving the majority of the remaining plant loads. The original design intent was for Sections “A” and
“B” to operate independently of each other with the single generator assigned to either Section “A “or
Section “B”. However, a subsequent upgrade to the lineup allows both tie breakers to be closed with all
of the generators operating in parallel on a common bus. All paralleling operations are manually
achieved using synch scopes on each line-up. Previously, there was a surging issue on the Section “A”
bus due to the cycling of the Oxygen Compressors. The upgrade was made to better manage load sharing
among all of the operating units. Additional upgrades to 4.16 kV Switchgear “A/B” include digital
metering, electronic governor controls, updated excitation controls and two new feeder breaker sections
added to each section for serving the Centrifuge Building.

The engine generators have been maintained since the initial installation. Replacing the remaining
original engine blocks as the units come due for overhaul should continue as part of the ongoing
maintenance. 4.16 kV Switchgear “A/B” has likewise been meticulously maintained. Despite the age of
the line-up, the equipment appears to be in excellent condition. The conditioned environment of the
Electrical Room has probably contributed to the switchgears overall condition and serviceability. The area
of concern is the non-availability of ITE air magnetic circuit breakers. Vacuum circuit breakers are
currently available from various manufacturers which would be suitable for use as replacements in the
existing switchgear.

The location of the switchgear in the upper floor level Electrical Room of the Powerhouse presents
physical limitations for removing equipment from the building for maintenance. The doorways and
associated clearances allow for limited access. New vertical sections added to serve the Centrifuge
Building were moved through the existing doorways one section at a time. If partial or full replacement
of the switchgear were required, movement of equipment to and from the room would be slow and time
consuming.

The unit substations discussed herein were provided as part of the original 1970's treatment plant and the
1980's addition of the Centrifuge Building. These unit substations distribute power throughout the plant
site from 4.16 kV Switchgear “A/B”.

Unit Substations Nos. 2, 3, and 4 have redundant feeds on the primary from 4.16 kV Switchgear “A/B”.
Each is configured with an outdoor substation type transformer with a secondary close coupled walk-in
aisle 480V Switchboard. The primary for each has dual main circuit breakers which are key interlocked
to allow only one source to be energized at a time. Unit Substations US-CEN1 and US-CENZ2 are each fed
on the primary from 4.16 kV Switchgear “A/B”. The configuration of each consists of an outdoor
substation type transformer with the 480V secondary connected directly to Motor Control Center
MCC-CEN in the Centrifuge Building using bus duct.
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Plant maintenance staff indicated that problems have been experienced with the secondary 480V
switchboard breakers. Problems have been attributed to internal corrosion of the breaker mechanisms by
the hydrogen sulfide in the plant’s atmosphere. Events have included false trips and inability to close
breakers. Described herein are the assessments of the individual unit substations associated with the plant
generation power distribution system.

352911 Unit Substation No. 1

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

3.5.29.1.2 Unit Substation No. 2

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

3.5.29.1.3 Unit Substation No. 3

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

Unit Substation No. 4 is located in an outdoor yard area enclosed with masonry walls adjacent to the
Warehouse Building. The assembly was manufactured by Westinghouse. The transformer section is
rated 750 kVA, 65 degrees Celsius, 4.16 kV-480V, 3-phase, delta-wye. The 480V secondary switchboard
provides power to the Warehouse Building and Administration/Lab Building.

3.5.29.15 Unit Substation US-CEN1 and US-CEN2

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

352916  Comments on the Plant Power Generation System

Given the condition of the engine generators and associated switchgear, the system is capable of
generating power for the foreseeable future. The comparative overall costs for generating power versus
purchasing utility power has to be weighed when deciding whether to continue generating power on site.
The cost of fuel is always an issue when generating power. Methane is obviously the preferred source.
But with its limited availability and the volatility of natural gas prices, this is a factor which needs to be
analyzed carefully. In addition to fuel cost, equipment maintenance and manpower costs need to be
factored in for generating power.

The 1970's vintage unit substations with the exception of Unit Substation No. 1 are acceptable. The
correction of the shortcomings noted for each and perhaps additional secondary breaker maintenance
could increase their reliability. Unit Substation No. 1 should be replaced. The issue of replacement versus
repair should be weighed in as the age of the equipment progresses. Regardless, the unit substations could
be integrated into an overall utility powered distribution system if the county elected not to continue
generating power autonomously. Electric service and rate options should be discussed with TEP
exploring the possibility of utilizing the engine generators in a different role such as co-generation and
peak shaving.

3.5.29.2 TEP Incoming Utility Electric Services

The utility electric services described herein were provided under the current plant expansion. All of the
equipment is less than 5 years old unless otherwise noted. The following describes each in detail.
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3.5.29.21 Headworks

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

352922  New RAS/WAS Pump Station

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

35.29.23  Blower Building

The TEP 13.8 kV, 3-phase incoming power service cables enter the plant site from the east and are routed
overhead to a drop pole in the vicinity of the Blower Building. The overhead cables make a transition at
the drop pole to underground and are routed to the primary of a substation service transformer. The
transformer is a General Electric Silicone Fluid Unit Substation rated 5000/7000 kVA, 65 degrees
Celsius, 13.8 kVV-4.16 kV, 3-phase delta-wye with provisions for future fans. It was not apparent if the
transformer had primary or secondary overcurrent protection nor was the utility metering apparent. The
service transformer secondary feeds Outdoor 4.16 kV Switchgear (SWGR-BB). The switchgear is a
weatherproof line-up manufactured by S&C Electric consisting of four medium voltage fusible switches
in a hot sequence arrangement. Two of the fusible switches feed 4.16 kV motor control centers MCC34C
and MCC34D. Each of the motor control centers contains the starters for two of the process air blowers.
The other two fusible switches each feed Outdoor Unit Substations US34-1 and US34-2. The unit
substations are manufactured by Square D Company and configured similar to those used at the
Headworks. The primary section differs in that a main fusible switch is provided between the primary
line selector switch and the primary of the transformer. The transformer section is rated 1500/1680 kVA,
55/65 degrees Celsius, 4.16 kV-480/277V, 3-phase delta-wye with provisions for future fan cooling.
When fan cooling is added, the transformer will be rated 1932 kVA. The secondary consists of a close
coupled non walk-in aisle switchboard. How the 4.16 kV feed from the Plant power generation system
was configured to serve both unit substations on the primary was not determined. The secondary 480V
switchboard at each unit substation provides power to motor control centers MCC33A, MCC33B,
MCC34, MCC35A and MCC35B. The 480V motor control centers are arranged with key interlocked
dual main breakers fed from each of the unit substations 480V switchboards. The 4.16 kV and 480V
motor control centers are located in the Electrical Room on the upper level floor of the Blower Building.
The substation service transformer was purchased used for the project and its age was not determined.
All of the electrical equipment appears to be in excellent condition. The shortcomings of the present
electrical configuration are as follows: The feeder from the substation service transformer to the Outdoor
4.16 kV Switchgear (SWGR-BB) may not be properly protected if overcurrent protection is not provided
at the secondary of the substation service transformer. The primary line selector switch on the unit
substations must be manually transferred to the second source if the preferred source fails. The main
breakers on each of the 480V motor control centers must be manually transferred to the second source if
the preferred source fails. All of the 480V loads could possibly be connected to one unit substation if the
same main breaker source for each of the motor control centers was selected at the unit substation 480V
switchboard. This would leave the second unit substation unloaded which is not beneficial to the
transformer. The 4.16 kV motor control centers do not have a redundant source of power. If the utility
source fails, the Process Air Blowers will be off line. The location of the motor control centers in the
upper floor level Electrical Room of the Blower Building presents physical limitations for removing
equipment from the building for maintenance or replacement.
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3.5.29.24  Comments on Utility Electric Services

The present service arrangement with three separate TEP incoming utility electric services is neither
desirable nor beneficial to the overall operating scheme for the plant electrical system. The present
arrangement does not allow the possibility for obtaining a more favorable rate from TEP as each service
is independent from the others and billed separately for its energy usage. The three services are not
configured to provide the flexibility needed for future plant expansion. Likewise, a common methodology
for interfacing with the plant power generation system has not been established. It was not confirmed if
the plant power generation system connections described for each of the electrical services are physically
provided. The provisions may only have been made for future interfacing with the plant power
generation system or other alternate power sources. Plant staff reported that an overall plant-wide
electrical distribution system diagram has never been created. The present overall electrical distribution
system needs to be properly documented with up-to-date one-line diagrams. These documents need to be
provided to the electrical maintenance and power generation staff to ensure efficient and safe operation of
the system.

3.5.29.3 Motor Control Centers

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

3.5.29.4 Plant Grounding System

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

3.5.2.9.5 Electrical Feeders

Plant personnel did not indicate that there were any electrical feeder related issues.
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3.5.29.6  Summary of Overall Assessments

The assessments made address the existing electrical equipment as it relates to the present plant electrical
distribution system and its serviceability. Any upgrades or future expansions of the plant will impact the
existing overall electrical distribution system as provisions for expansion have not been accounted for in
the present systems. The impact of future expansions has not been factored into the assessments of the
existing equipment. The issues previously discussed relate only to the conditional assessment of the
equipment as presently installed.

All electrical distribution equipment is thermographically inspected annually and the problems corrected
upon completion. There is some electrical equipment which is possibly more susceptible to problems or
failure for various reasons but, at present, is functioning satisfactorily. This equipment has been
identified herein. It is suggested that this equipment be considered for systematic replacement if the
existing systems are to remain viable. A short circuit and coordination study is suggested as electrical
changes have been made over the years and the study would be beneficial in verifying that the electrical
equipment is proper coordination and provided with suitable interrupting ratings. In addition, the study
would be useful for identifying potential problem areas in the plant electrical distribution system.
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EQUIPMENT TAG LOCATION MANUFACTURER VOLTAGE| TYPE BUS RATING | YEAR BUILT
MCC 05W1 OXYGEN PRODUCTION BUILDING WESTINGHOUSE TYPE W 480 V 3PH, 4W |600 A 1976
MCC 05W2 OXYGEN PRODUCTION BUILDING WESTINGHOUSE TYPE W 480 V 3PH, 4W |600 A 1976
MCC 08W1 SLUDGE THICKENERS CONTROL BUILDING WESTINGHOUSE TYPE W 480 V 3PH, 4W |600 A 1976
MCC 08W2 SLUDGE THICKENERS CONTROL BUILDING WESTINGHOUSE TYPE W 480 V 3PH, 4W |600 A 1976
MCC 08W3 SLUDGE THICKENERS CONTROL BUILDING WESTINGHOUSE TYPE W 480 V 3PH, 4W |600 A 1976
MCC 08W4 CHLORINE BUILDING (OUTDOOR COVERED) WESTINGHOUSE TYPE W 480 V 3PH, 4W |600 A 1976
MCC 09W1 VACUUM FILTRATION BUILDING WESTINGHOUSE TYPE W 480 V 3PH, 4W |600 A 1976
MCC 09W2 VACUUM FILTRATION BUILDING WESTINGHOUSE TYPE W 480 V 3PH, 4W |600 A 1976
MCC 11W1 DIGESTER TANKS WESTINGHOUSE TYPE W 480 V 3PH, 4W 600 A 1976
MCC 11W2 DIGESTER TANKS WESTINGHOUSE TYPE W 480 V 3PH, 4W 600 A 1976
MCC 11W3 DIGESTER TANKS WESTINGHOUSE 2100 LINE 480 V 3PH, 4W |600 A 1986
MCC 11wW4 DIGESTER TANKS WESTINGHOUSE 2100 LINE 480 V 3PH, 4W |600 A 1986
MCC 12W1 CHLORINATION BUILDING WESTINGHOUSE TYPE W 480 V 3PH, 4W |600 A 1976
MCC 14W1 POWER HOUSE (ENERGY RECOVERY BUILDING) [WESTINGHOUSE TYPE W 480 V 3PH, 4W 600 A 1976
MCC 14W2 POWER HOUSE (ENERGY RECOVERY BUILDING) [WESTINGHOUSE TYPE W 480 V 3PH, 4W 600 A 1976
MCC 14W3 POWER HOUSE (ENERGY RECOVERY BUILDING) [WESTINGHOUSE TYPE W 480 V 3PH, 4W 600 A 1976
MCC 17W1 SERVICE WATER BUILDING WESTINGHOUSE TYPE W 480 V 3PH, 4W |600 A 1976
MCC 17W2 SERVICE WATER BUILDING WESTINGHOUSE TYPE W 480 V 3PH, 4W |600 A 1976
MCC A SULFUR DIOXIDE BUILDING SQUARE D MODEL 6 480 V 3PH, 4W 600 A 2002
MCC B SULFUR DIOXIDE BUILDING SQUARE D MODEL 6 480 V 3PH, 4W 600 A 2002
MCC-CEN CENTRIFUGE BUILDING GE 8000 LINE 480 V 3PH, 4W |600 A 1986
MCC-30A HEADWORKS BUILDING CUTLER-HAMMER SERIES 2107480 V 3PH, 4W |600 A 2000
MCC-30B HEADWORKS BUILDING CUTLER-HAMMER SERIES 2107480 V 3PH, 4W |600 A 2000
MCC 33A BLOWER BUILDING SQUARE D MODEL 6 480 V 3PH, 3W |600 A 2002
MCC 33B BLOWER BUILDING SQUARE D MODEL 6 480 V 3PH, 3W |600 A 2002
MCC 34 BLOWER BUILDING SQUARE D MODEL 6 480 V 3PH, 3W |800 A 2002
MCC 34C BLOWER BUILDING SQUARE D ISO-FLEX MODEL 4{4160V 3PH, 3W |600A 2002
MCC 34D BLOWER BUILDING SQUARE D ISO-FLEX MODEL 4{4160V 3PH, 3W |600A 2002
MCC 35A BLOWER BUILDING SQUARE D MODEL 6 480 V 3PH, 3W |800 A 2002
MCC 35B BLOWER BUILDING SQUARE D MODEL 6 480 V 3PH, 3W |800 A 2002
MCC 37A RAS/WAS PUMP STATION SQUARE D MODEL 6 480 V 3PH, 4W |1200A 2002
MCC 37B RAS/WAS PUMP STATION SQUARE D MODEL 6 480 V 3PH, 4W |1200A 2002
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3.5.2.10 Instrumentation and Control

The Ina Road plant is well instrumented. Process instrumentation includes open channel flow meters,
sludge flow meters, aeration system analytical instruments, tank level transmitters, digester gas and air
flow meters and chlorine residual and ORP instruments for disinfection. Most instruments in the older
HPO train are operational. Instruments in the new BNRAS train are newly installed and some are
operational, but there are a number of instruments that had not been fully commissioned at the time of our
site assessment. Certain instruments are discussed below in the respective process chapters.

3.5.2.10.1 SCADA System

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

B Admin Building Server/Core Switch
-~ Maintenance Building
- Centrifuge Building 23
- East-West Tunnel
— BNRAS Train Building 34
- HPO Oxygen Production Building 5

[ | Energy Building Server/Core Switch
Vacuum Filter Building 9
- RAS/WAS Building 7
- Thickener Building 8
- Digester Building 11
- Disinfection Building 12
- BNRAS Train RAS/WAS Building 37
—  Training Building
—  Operations Trailer 29
-~ Headworks Building 30

The Administration Building Information Technology (IT) Room houses the backup supervisor control
and data acquisition (SCADA) server and the SCADA historian. The system is tied to the County
network backbone through a firewall. The primary SCADA server is located at the Energy Building.
Various view node workstations are located throughout the plant and communicate with the servers over
the Ethernet network.

Numerous PLCs throughout the plant act as the input/output (1/0) connections to the process areas. Most
PLCs are Allen-Bradley ControlLogix series with Ethernet ports to communicate with the SCADA
servers. Package control systems generally include Allen-Bradley SLC-5/04 connected to the
ControlLogix PLCs using DH-Plus data links. There are some other PLC models in the plant but all are
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part of the Allen-Bradley product family. The system is easily expandable. Instrument technicians are
able to troubleshoot and maintain the PLCs over the network backbone from the Maintenance Building.
Local view nodes throughout the plant typically obtain their information form the primary SCADA
server. These workstations have two backup modes. In the event the primary SCADA server fails, the
view node will fail over to communicate with the backup server. In the event of a complete
communication failure between the servers and view nodes, the view node will fail over to “Island Mode”
where it turns into a local 1/O server for just its facility. In this mode, the workstation still has monitoring
and control capability for its own local process area, but can’t see any data regarding other process
facilities.

This SCADA system is functioning well and operators use it extensively. This type of configuration is
considered state-of-the-art for today’s wastewater treatment plants.

3.5.2.10.2 Headworks

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

3.5.2.10.3 HPO Train Liquid Sewage and Sludge Meters

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

3.5.2.10.4 HPO Aeration Tanks

The original dissolved oxygen meters have been replaced with ATI self-cleaning DO monitors. These
probes are configured to go through a cleaning cycle every 20 minutes and reportedly work well.

The oxygen generation and oxygen distribution feed control system is automated through a local
dedicated PLC which sequences the compressors and cycles the adsorption beds. The system requires
periodic attention from the instrument staff but reportedly still functions well.

Control of return sludge to each of the aeration tanks is fully automated through the SCADA system and
reportedly works well.

3.5.2.10.5 HPO Train Disinfection

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

3.5.2.10.6 Plant Effluent Dechlorination

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

3.5.2.10.7 Sludge Digesters

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

3.5.2.10.8 New BNRAS Train Instrumentation

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

3.5.2.10.9 Plant Effluent Flow Metering

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

3.5.2.10.10 Laboratory Facilities

The Laboratory Facilities were originally housed in a portion of the Administration Building at the Ina
Road WRF which was specifically constructed (1977) to serve as laboratory space. Staff indicated that
up until approximately ten years ago the Laboratory at the Ina Road WRF was providing process control
and permit related analytical services for four facilities/permits. Currently, the Laboratory provides
process analytical support for eight wastewater treatment/water reclamation facilities and permit
compliance/reporting analyses for approximately 37 permits associated with the wastewater/water
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reclamation, aquifer protection, and storm water programs. As the laboratory analytical requirements
increased over the ensuing time, additional building space (Administration Building and Training Center)
was converted to laboratory use.

Currently, laboratory facilities are located in three general areas at the Ina Road WRF. Sample receiving,
microbiological, and organic analysis functions are conducted at the Administration Building. Inorganic
and nutrient analyses and laboratory quality assurance and quality control (QA/QC) functions are located
at the former Training Center. Laboratory management staff offices are located in a trailer adjacent to the
Administration Building. In the past the Ina Road WRF laboratory facilities included the capability to
perform whole effluent toxicity (WET) testing. This WET testing laboratory was located in the basement
of the Vacuum Filtration Building. Currently, the Ina Road WRF laboratory has a staff of 30 (33
budgeted positions).

In fiscal year 2005/2006 the budget for outside laboratory services was $225,000 (expended $110,000).
The majority of this budget was for WET testing services which the Department no longer conducts, as
discussed above. Currently there are a very limited number of laboratories that have the proximity and
capability to perform reliable WET testing for the PCRWRD. The Department needs to make certain that
it has access to reliable WET testing capabilities, internal or contract laboratory, as it is anticipated that
the volume of this testing will increase in the future.

Generally, laboratory equipment was in good condition. The Department has replaced/upgraded
analytical instruments as a component of its annual operating budget. Over the years, as analytical
sensitivity and reporting limits of detection have lowered, the number and sizes of analytical equipment
have increased. This has resulted in the laboratory equipment (incubators, drying ovens, analytical, and
others) competing for bench-top space with the chemists and technicians and the sample preparation,
handling, functions required in the laboratory. Currently, the ability to consider enhancement of
laboratory efficiency through automation of appropriate preparatory and analytical equipment is hindered
due to the space constraints. Additionally, the space needed to adequately receive and store (refrigerated)
samples has been exceeded.

The laboratory work areas were extremely cramped and the layout of the laboratory areas was not
conducive to work flow. Narrow aisles, crowded bench-tops, limited data entry/desktop space, and
storage space were not conducive to efficiency. The crowded conditions do not easily support the type of
conditions needed to maintain appropriate laboratory QA/QC.

The support facilities associated with the laboratory areas were being stressed. Much of the space
currently occupied by laboratory was not designed to address the specific electrical, heating, ventilation,
and cooling (HVAC), plumbing, personnel, and specialty needs associated with an analytical laboratory.
This condition was exacerbated as the volume and level of required accuracy of testing along with the
sophistication of the analytical equipment all increased. Electrical power supply to most laboratory areas
was close to capacity leading to instances of circuit overload.

HVAC systems were not generally able to maintain appropriate room temperature, humidity, and overall
quality conditions. Particularly, most analytical testing protocols and instrumentation require very
specific temperature conditions as a component of the QA/QC process. These temperature criteria cannot
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be reliably accomplished with the existing HVAC systems. Fume hood space was inadequate leading to
inadequate ventilated bench space. Further, most HVAC systems were not designed to accommodate the
specialized air handling demands that fume hoods impose on a space. In some areas corrosion of
equipment, instrumentation, and other fixtures was indicative of inadequacy of ventilation.

Plumbing systems serving the laboratory spaces were not arranged to support the work areas that have
been arranged to address the increased workload demand. Deionized (DI) and ultra pure water required
for analyses must be transported by hand cart to many areas of its use. Building temperature in the areas
where the DI water systems are located results in production/distribution of water that exceeds the
temperature (20 degrees Celsius) required for direct use in most analyses.

Personnel facilities related to the laboratory functions were limited. Desk space available for staff to
accomplish data entry and related functions was not adequate. Locker/changing room space was limited
and further complicated by the gender balance of the current workforce.

Other specialty systems associated with the laboratory areas include safety equipment (showers, eyewash
stations, and fire blankets), walk-in refrigeration (current samples and sample retention for QA/QC
purpose), chemical/supplies storage, and records storage. Safety systems were adequate but access is
complicated due to the overall space/layout constraints. Refrigerated sample storage was not optimal for
the purpose of prevention of sample cross-contamination during storage. Storage areas for chemicals,
supplies, records, and other items was “full-to-the-brim” presenting a challenge whenever access to these
items was required.

3.6 Summary

The Roger Road WRF is an older of the two major wastewater treatment plants and symptoms of aging
are apparent. From an operational and maintenance point of view, there are several drawbacks in the
existing facilities, including:

B Primary Clarifiers 5-8 are shallower (8-foot depth) than Primary Clarifiers 9-10 (12-foot depth).
The shallower depth does not meet the current norm of design standard.

B The final clarifiers have various side water depths: 9-foot depth for clarifiers 1-2; 9-foot depth for
clarifiers 3-4; 11-foot depth for clarifiers 5-6; and 12-foot depth for clarifiers 7-9. The 9-foot depth
does not meet the current norm of design standard.

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

The BNRAS system at the Ina Road WREF is relatively new (operation started up in the fall of 2006) and
is in excellent physical and operating condition. However, the HPO system is an older part of the plant
and has some signs of aging in the structures and equipment, particularly the HPO Reactors.

To meet the future permit requirements, process modifications and changes will be required to lower
ammonia, total nitrogen and phosphorus discharge levels. Rehabilitation is needed to repair process units,
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replace equipment and structures that are beyond useful service life, address odor control and safety
issues, and upgrade the facility to be compliant with environmental, regulatory and building code
requirements. Laboratory facilities need to be expanded and upgraded with better integration of facilities.
The potential need for added capacity and treatment capability at Roger Road WRF and Ina Road WRF is
addressed in Chapter 4.
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Chapter 4 - Overall Treatment Strategy

4.1 Introduction

The Overall Treatment Strategy for the Pima County Regional Optimization Master Plan entails planning
efforts to satisfy two primary issues:

1. System Configuration - how much flow is to be treated at the Roger Road WRF and how much flow
is to be treated at the Ina Road WRF.

2. Process Selection - selection of the best process to meet current regulatory requirements as well as
probable future regulatory requirements.

To address these two primary issues, this chapter provides description and detailed evaluations on the
following subjects:

Future wastewater flows and characteristics

Treatment strategy alternatives with three flow-split options
Reclaimed water program

Biological nutrient removal (BNR) treatment alternatives
Alternative evaluation criteria

Evaluation of alternatives

Selection of recommended alternative

Preliminary sizing facilities

4.2  Future Wastewater Flows and Characteristics

421 Future Wastewater Flows

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

2030 Projected Flow

Plan Area
Current (2005) Future (2030) ¢
Roger Road Service Area, mgd 44.27 59.72
Ina Road Service Area, mgd 16.90 22.33
Total Flow, mgd 61.17 82.05

(1) Randolph Park WRF capacity of 3.0 mgd is not included. The existing Randolph Park
WRF, located within the Roger Road WRF drainage area, will be continuously used to treat
approximately 3 mgd flow and the effluent will be a part of the Tucson Water reclaimed
water system.

Based on the projected flows for year 2030 shown in the above table, several flow split options between
the two major treatment facilities, Roger Road WRF and Ina Road WRF, were developed. The following
options were selected for detailed evaluation of plant configurations, operational and economical aspects.

B Option 1 — Referred to as the “Existing Plan” and is the recommended plan by the 2006 Facilities
Plan study. It is based on a flow split of 32 mgd and 50 mgd between Roger Road WRF and Ina
Road WRF, respectively.

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

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

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

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

Flow Split Flow to Roger Road, mgd Flow to Ina Road WRF, mgd
Options* Current** Future Current** | Future
Existing Plan 22.6 9.4 32.0 36.5 135 50.0
Transfer Some 14.1 5.9 20.0 45.0 17.0 62.0
Transfer All 0.0 0.0 0.0 59.1 22.9 82.0

* Randolph Park WRF with capacity 3.0 mgd remains in service
** Assumes plant interconnect pipeline exists
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422 Future Wastewater Characteristics

Wastewater characteristics for current flows were developed based on the data presented in the Modeling
2005 document (Additional Modeling of Ina Road WRF and Roger Road WRF — Final, Hydromantis,
Inc., February 9, 2005). The modeling used the plant operating data for the following periods:

B Roger Road WRF — January to March 2001 (winter)
August to September 2001 (summer)
B Ina Road WRF — March 2003

The calibrated model generated the influent characteristics for Roger Road WRF, but calibration was not
made for Ina Road WRF because there were no operating data available for the BNRAS portion of the
plant at the time of the modeling. A review of historical data showed that the strength of wastewater
characteristics was highest during the winter and the data used for this period was considered to be the
maximum month wastewater characteristics. The model-generated winter wastewater characteristics
were selected for evaluation of the Roger Road WRF. The March 2003 data were used for evaluation of
the Ina Road WRF. These values established current maximum month wastewater characteristics.

The future wastewater characteristics were developed applying a lower water consumption and therefore
higher strength wastewater in the new development areas. This lower water consumption is a trend in a
number of newly developed communities. A lower wastewater flow of 65 gpcd was used for future flow
instead of 85 gpcd that was used in the 2006 Facilities Plan document. The flow projected in the 2006
Facilities Plan document was retained and applied to the predicted higher strength characteristics,
resulting in a higher and more conservative estimate of total loads.

As a part of the current facility planning, the biosolids treatment evaluation has progressed and
recommendations have been made on the biosolids treatment and handling alternatives as described in
Chapter 6. Based on this information, more accurate recycle stream flows and characteristics were
determined and complete mass balances were made for both plants with the recycle streams. Major
assumptions applied to the mass balances associated with biosolids treatment and handling include:

B Recycle from gravity thickening of Roger Road WRF primary sludge and WAS is treated at the
Roger Road WRF.

B Recycle from gravity thickening of Ina Road WRF primary sludge and WAS and centrifuge
thickening/dewatering of digested sludge from both plants is treated at the Ina Road WRF.

B Estimated Non-Metro area sludge contributions to each plant are: Avra Valley WRF (4.13 tons per
day (tpd)) to Roger Road WRF; and Marana WRF (6.16 tpd), Corona WRF (3.7 tpd), Fairgrounds
WRF (0.004 tpd) and Mt. Lemon WRF 0.018 tpd) to Ina Road WRF. (Randolph Park WRF sludge
is included with Roger Road WRF. Green Valley WRF and Southlands WRF were assumed to have
separate sludge facilities.) The sludge was applied as a part of the influent stream for both plants.

B Primary sludge at 1% solids concentration.

B Secondary sludge yield of 0.7 pound (Ib) TSS/Ibs BOD applied and WAS concentration of 7,000
mg/L.

B Gravity thickener solids capture of 90% at 4.5% solids concentration.

B Volatile suspended solids (VSS) destruction of 50% in anaerobic digestion.
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B Centrifuge solids recovery of 95% at 8% cake solids concentration.

Biosolids processing, except for sludge thickening, will not be performed at the Roger Road WRF and the
wastewater characteristics were developed with only recycle from the thickening operations. Complete
biosolids processing as described above will be performed at the Ina Road WRF and the wastewater
characteristics were developed with the recycle stream from raw sludge thickening and digested sludge
thickening/dewatering operations. To account for the recycle stream contribution, a percentage increase
to each wastewater characteristics component, selected from previous plant design experience, was used.

The estimated wastewater characteristics were developed combining the current and future loadings, and
recycle stream contribution. The estimated wastewater characteristics for three flow split options are
shown in

Table 4-3 and

Table 4-4 for Roger Road WRF and Ina Road WRF, respectively.

Table 4-3
Development of the Roger Road WRF Year 2030 Wastewater Characteristics
Based on Complete Mass Balance

: Total Raw Primar Primar
Parameter Units | ‘ Influent ‘ REEEEE ‘ Ianuen)t/ ‘ Effluen){
Existing Plan
Flow mgd 32.1 1.1 33.2 32.6
cop® mg/L 648 1011 659 443
BODs® mg/L 294 506 301 214
sBODs® mg/L 121 116 121 123
TSS mg/L 286 1011 310 126
VSS mg/L 225 791 243 104
TKN mg/L 47 51 47 46
TP mg/L 10 19 10 10
Transfer Some
Flow mgd 20.1 0.7 20.8 20.4
CcOoD mg/L 665 1014 677 455
BODs mg/L 303 507 310 220
sBODs mg/L 123 117 123 126
TSS mg/L 304 1014 329 134
VSS mg/L 239 794 258 110
TKN mg/L 48 51 48 47
TPY mg/L 10 19 10 10
Transfer All
Flow mgd 0 0 0 0
CcOoD mg/L 0 0 0 0
BODs mg/L 0 0 0 0
sBODs mg/L 0 0 0 0
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—_—— —‘ Total Raw | s Primar Primar
Parameter units ‘ Influent ‘ ROBTEEE ‘ Influen¥ ‘ Effluen);
TSS mg/L 0 0 0 0
VSS mg/L 0 0 0 0
TKN mg/L 0 0 0 0
TP mg/L 0 0 0 0
(1) COD = Chemical Oxygen Demand (2) BODs = 5-day Biochemical Oxygen Demand

(3) sBODs = soluble 5-day Biochemical Oxygen Demand

Table 4-4
Development of the Ina Road WRF Year 2030 Wastewater Characteristics
Based on Complete Mass Balance

Parameter ‘ Units Tﬁ}ﬁhgﬁ:’v Recycles ‘ IF;rfIInJZ:% ‘ E;;mgx
Existing Plan
Flow mgd 50.2 2.3 52.6 51.4
COD mg/L 663 1265 689 456
BODs mg/L 318 456 324 229
sBODs mg/L 123 125 123 126
TSS mg/L 319 1201 358 146
VSS mg/L 254 881 282 123
TKN mg/L 55 219 63 61
TP mg/L 11 102 15 14
Transfer Some
Flow mgd 62.2 2.7 64.9 63.6
COD mg/L 654 1230 678 441
BODs mg/L 31 462 317 223
sBODs mg/L 122 124 122 125
TSS mg/L 307 1172 343 140
VSS mg/L 244 873 270 116
TKN mg/L 54 196 59 57
TPY mg/L 11 90 14 13
Transfer All
Flow mgd 82.3 3.4 85.7 84.0
COD mg/L 654 1184 675 452
BODs mg/L 307 472 314 222
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Parameter ‘ ~— ... | Total Raw Recycles ‘ Primary ‘ Primary
Influent Influent Effluent
sBODs mg/L 121 122 121 123
TSS mg/L 304 1140 337 138
VSS mg/L 241 852 265 115
TKN mg/L 52 165 56 54
TP mg/L 10 75 13 12

After detailed evaluations were made on the flow split options between the Roger Road WRF and Ina

Road WRF as discussed in Chapter 4.7, Option (1): 32 mgd for Roger Road WRF and 50 mgd for Ina
Road WRF, was selected. The final values of the wastewater characteristics for the selected flow-split
option are shown in

Table 4-5.

Table 4-5
Selected Year 2030 Wastewater Characteristics
Based on Complete Mass Balance

Roger Road WRF Ina Road WRF
Parameter Primary Primary Primary Primary
Influent Effluent Influent Effluent
Flow Mgd 33.2 32.6 52.6 51.4
COD mg/L 659 443 689 456
BODsg mg/L 301 214 324 229
sBODs mg/L 121 123 123 126
TSS mg/L 310 126 358 146
VSS mg/L 243 104 282 123
TKN mg/L 47 46 63 61
TP mg/L 10 10 15 14

The future peaking factors for the flows and concentrations were based upon the historical peaking factors
as described in Chapter 3 and are as follows:.

B Monthly Peak Flow (MPF) — 1.1 times average daily flow
B Daily Peak Flow (DPF) — 1.4 times average daily flow
B Hourly Peak Flow (HPF) — 2.0 times average daily flow
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4.3  Treatment Strategy Alternatives (“Existing Plan”, “Transfer All”, “Transfer Some”)

43.1  Existing Plan

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

432 Transfer Some Wastewater Flows to Ina Road WRF

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

4.3.3 Transfer All Wastewater Flows to Ina Road WRF

This plan is to transfer all wastewater flow from the Roger Road WRF service area to Ina Road WRF and
the Roger Road WRF would be shutdown. All flows would be directed by gravity flow from the Roger
Road WRF to the Ina Road WRF. The two facilities are about 5 miles apart, and the Roger Road WRF is
located approximately 75 feet higher in elevation than the Ina Road WRF. The transfer of all flows
would be accomplished with a gravity sewer, and a plant expansion and/or process modifications at Ina
Road WRF to accommodate the additional flows. The existing rehabilitation projects and potential future
processing to Class A biosolids would be incorporated into the plan. Consolidation of treatment facilities
would centralize treatment with the goal of optimizing operations and maintenance. Under this plan, the
flow required for Tucson Water Reclaimed Water System, CEP, SAWRSA, Pima County and other
reclaimed water owners are identified and addressed and would involve transfer of treated effluent from
Ina Road WRF to the Roger Road site. This plan represents the flow split Option “Transfer All” as
shown in Table 4-2.
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44  Reclaimed Water Program

Effluent water will be made available to Tucson Water for their reclaimed water service system at the
future Roger Road WRF, Ina Road WRF and Randolph Park WRF. The plan allows for approximately
30 mgd at Roger Road WRF and approximately 20 mgd at Ina Road WRF based on allocated effluent
water shares in the year 2030. The 3-mgd effluent from Randolph Park WRF is also available for
reclaimed water use. Up to 7 mgd could be made available for discharge into the Santa Cruz River at the
Roger Road WREF site. This requires that up to at least 5 mgd (existing plan) and as much as 37 mgd
(transfer all plan) of the Ina Road WRF effluent be transferred to the Roger Road WRF site via a pumping
station/force main system. The balance of the Ina Road WRF effluent beyond reuse needs provided
directly from the Ina Road WRF will be discharged into the Santa Cruz River. Reclaimed water system
alternatives are presented in Appendix F.

Based on the ADEQ regulatory requirements for future wastewater treatment, effluent from the Roger
Road WRF and Ina Road WRF will be classified as either Class B+, or Class A+. If the effluent is Class
A+, Tucson Water would be able to decommission its pressure filter treatment system at Roger Road
WREF and feed effluent directly into the reclaimed water distribution system after chlorination to meet
residual requirements. Tucson Water will construct the necessary filtration system (as required for Class
B+), pump station, reservoir, pipeline and chlorine feed facility at Ina Road WRF to provide its reclaimed
water needs.

45  Effluent Disinfection

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

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

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

During the master plan investigations it was concluded that the cost effective disinfection process that
would meet the BADCT requirements was inconclusive. Disinfection processes likely to meet the
“demonstrated” disinfection requirements of the ACC include:

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

4.6  BNR Process Alternatives

46.1 Universe of BNR Process Alternatives

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

B Ammonia nitrogen concentration of 2 mg/L or less
B Total nitrogen concentration of 8 mg/L or less
B Total phosphorus concentration of 1 mg/L or less

In addition to the treatment goals as stated above, a high quality effluent with low suspended solids is
required for reuse of the effluent.

A number of biological treatment processes are currently available for nitrogen and phosphorus removal
to meet the stated effluent goal. While chemical phosphorus (Chem-P) removal is a very effective
method for removing phosphorus, particularly when the extremely low effluent phosphorus limit, such as
0.5 mg/L or less, is required, biological phosphorus (Bio-P) removal methods are considered preferable
because they generate less sludge and do not require chemical storage and chemical feed system and do
not incur additional chemical costs. In many cases biological phosphorus removal can be added to a
nitrogen removal process with a minimum investment of additional tankage and provides the additional
benefit of improving sludge settleability. Additionally, due to the size and location of the process units, it
is considered prudent that the Bio-P removal process needs be addressed in the beginning of the project
rather than as an add-on at some future date. Chem-P removal process (if required to meet more stringent
effluent P limits than can be attained by Bio-P alone) could be easily added in the future.

From an overview of the universe of BNR processes (performed by the Consultant Team, the Peer
Review Group and PCRWRD), the nitrogen removal processes that are considered best suited for further
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consideration for the Pima County Regional Optimization Master Plan are listed below. An anaerobic
process could be combined with these processes to achieve Bio-P removal as well.

B Suspended Growth System
- Modified Ludzack-Ettinger (MLE)
- Bardenpho
- Step feed activated sludge system for nitrification-denitrification (NdeN)

B Attached Growth System
- Biological Aerated Filters (BAF) and Denitrifying Sand Filters
- Moving bed (MBBRs)
- Trickling Filter (Biotowers)

B Integrated System
— Integrated fixed film activated sludge (IFAS)
- Membrane in activated sludge system, membrane bioreactor (MBR)

4.6.2 Initial Screening of BNR Process Alternatives

The available BNR processes were reviewed for their potential applicability and compatibility with the
existing facilities, several BNR processes were initially screened for evaluation. The initially screened
processes and descriptions are as follows:

B Modified Ludzack-Ettinger (MLE) — Suspended growth activated sludge with an anoxic zone
followed by an aeration zone and secondary clarification. Mixed liquor from the aerobic zone is
recycled upstream to the anoxic zone at a recycle flow rate of 3-4 times the influent flow rate. An
anaerobic zone can be added to the front of the process if phosphorus removal is also required.

B Bardenpho - Similar to the MLE process but a second set of anoxic and aerobic zones is added
after the first aerobic zone to provide additional nitrogen removal.

B Step-Feed Nitrification and Denitrification (NdeN) — This process has been used in many places
in the U.S. to retrofit existing step feed activated sludge systems for biological nitrogen
removal. The designs typically have 4 passes with the influent feed distributed at different ratios
to an anoxic zone in each pass, followed by an aerobic nitrifying zone. Biological phosphorus
removal is difficult to incorporate into each basin due to the complexity of the piping and tank
arrangements.

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

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

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

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

Moving Bed Bioreactor (MBBR) — This process is an attached growth only process that uses media
similar to that used in the IFAS process as the attachment media. The aeration tanks tend to be
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deep to maximize oxygen transfers and are equipped with sieves or screens to retain the media.
Wasting of biomass occurs by sloughing of the biomass from the media, similar to what occurs
with a trickling filter. Clarifiers may or may not be needed based upon the effluent limits and the
amount of sludge production.

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

46.3 BNR Processes Selected for Detailed Evaluation

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

Ability to achieve the effluent goal

Adaptability to remove emerging contaminants of concern
Is high dose of methanol required?

Can use existing Bio-towers at Roger Road WRF?

Is it flexible for Bio-P removal?

Avre capital costs in the range of Bardenpho? (Initial comparative cost analysis showed the
lowest life cycle cost with Bardenpho)

Can use existing tankage?

Can achieve turbidity less than 2 NTU?

Can be applied with high purity oxygen (HPO)? (Ina Road WRF has a HPO system)

10. Are O&M costs in the range of Bardenpho? (Initial comparative cost analysis showed the
lowest life cycle cost with Bardenpho)

11. Has the process been used in biological nitrogen removal in the plant size of larger than 20

mgd for more than three years?

o krwdpE

© © N

Criteria 2, 4, 8 and 9 were determined to be secondary in consideration for purposes of BNR process
selection and the remaining criteria were determined to be primary considerations.

Cost estimates for the alternatives were made on a comparative cost basis and common costs to all
processes such as site preparation, yard piping, and various architectural structures, etc., were not
included. Present worth analysis was based on 20 years with 8 percent interest.

A matrix analysis was made based on the pass/fail criteria and comparative cost estimates with the input
from Consultant Team, the Peer Review Group and PCRWRD. The results with majority answers from
the review groups are summarized in Table 4-6 and Table 4-7 for Roger Road WRF and Ina Road WRF,
respectively.
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Table 4-6
Roger Road WRF Process Selection Matrix Analysis — Majority Answers

Step |Biostyr/

. IFAS MBR | BT/NdeN | MBBR
NdeN Biofor

Criteria| MLE | Bardenpho | AS/NTF ‘BT/NAS

Primary Considerations

1 N Y Y Y Y Y Y Y Y Y
3 N N Y Y N Y N N Y
5 Y Y Y N Y/N N Y Y N Y/N
6 N Y Y Y Y N Y N DK DK
7 Y Y Y Y Y N Y Y Y Y
10 N Y N N Y N Y N N N
11 Y Y DK DK Y Y N N DK DK
Secondary Considerations

2 Y Y Y Y Y Y Y Y Y Y
4 N N Y Y N N N Y Y/N
8 Y Y Y Y Y Y Y Y Y Y
9 NA NA NA NA NA NA NA NA NA NA

Notes: Y =Yes; N =No; DK = Do not know; NA = Not applicable

As shown in Table 4-7, AS/INTF, BT/NAS and BT/NdeN are not applicable to the Ina Road WRF
because treatment with existing trickling filters is available only at the Roger Road WRF.

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

Criteria | MLE | Bardenpho | AS/NTF ‘ BT/NAS’

Step ‘ Biostyr/

NdeN | Biofor IFAS ’ MBR BT/NdeN‘MBBR

Primary Considerations

1 N Y NA NA Y Y Y Y NA Y
3 N N NA NA N Y N N NA Y
5 Y Y NA NA Y N Y Y NA Y/N
6 N Y NA NA Y N Y N NA DK
7 Y Y NA NA Y N Y Y NA Y
10 N Y NA NA Y N Y N NA N
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Criteria | MLE | Bardenpho | ASINTF BT/NAS‘ Sl ‘B'OSW”

NdeN | Biofor

IFAS ‘ MBR ‘BT/NdeN‘MBBR

Secondary Considerations

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

Notes: Y =Yes; N =No; DK = Do not know; NA = Not applicable; NN = Not usable

Based on the comparative cost estimates and matrix evaluations using the pass/fail criteria stated above,
the failed processes that are not to be considered for further evaluation and the reasons are as follows:

B Step Feed NdeN
- Difficulty in incorporating the Bio-P removal
-~ May require high dose of methanol
B Biostyr/Biofor
- Difficulty in incorporating the Bio-P removal
- High capital and operation and maintenance costs
— Can not use existing tankage

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

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

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

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

4-14

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



Pima County Regional Wastewater Reclamation Department
Tucson, Arizona

Pima County Regional Optimization Master Plan

Regional Optimization Master Plan
Final Report
Chapter 4 — Overall Treatment Strategy

Bardenpho

MLE

IFAS

BT/NAS for Roger Road WRF and Bardenpho for Ina Road WRF

4.7  Alternative Evaluation Criteria

471 Technical Criteria

The purpose of alternative evaluation is two fold: to select the most viable process applicable to both
treatment plants; and then to select the most favorable flow split options between the plants. Technical
criteria used in the analysis to determine the most viable alternative were:

Operability

Proven process

Life cycle cost

Site compatibility

Resource consumption

Ease of operation and maintenance during construction

4.7.2 Financial Criteria
Financial criteria used in the evaluation of alternatives included:
B Capital costs

B Operation and maintenance (O&M) costs
B Present worth of capital and O&M costs

4.7.3 Non-Economic Factor Criteria

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

4.8  Evaluation of Alternatives

48.1 Technical Evaluation

Technical aspects pertinent to each alternative are described below. Each of the processes described
below is a nitrogen removal process and is typically preceded by an anaerobic process for Bio-P removal.

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

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

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

Figure 4-1
Typical 5-Stage Bardenpho Process Diagram

IR £ 400%

¥ ]

1 1 1 1

1 | | 1
—| AN | AX | OX | AX | OX |— RSF — Eff

| : : :

RAS
+ WAS

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

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

A typical process diagram for the MLE process is shown on Table 4-2.
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Figure 4-2
Typical MLE Process Diagram
Methanol
IR= 400%

] l

1 I

1 I
— AN | AX : OX DNF |— Eff

i :

RAS
l WAS

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

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

This process is a relatively new, emerging technology and a few small scale applications with
limited operational experience are available.

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

A typical process diagram for the IFAS process is shown on Figure 4-3.
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Figure 4-3
Typical IFAS Process Diagram
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B BT/NAS for Roger Road WRF and Bardenpho for Ina Road WRF — This process is intended to
utilize the existing treatment facility and retrofit the required facilities treatment facilities at Roger

Road WRF.

The advantage of this process would be maximum utilization of existing facilities. The

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

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

Me+3

Qpe — BT

Figure 4-4
Typical BT/NAS Process Diagram

| .

BT — Biotower

MeOH — Methanol

NAS

NAS — Nitrifying Activated Sludge
Me*® — Metallic ion, Al or Fe

SC

MeOH

l

DeN
Filter

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

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

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

Figure 4-5
Typical MBR Process Diagram
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Inf — Influent AN — Anaerobic Chamber OX — Oxic Chamber
AX — Anoxic Chamber IR — Internal Recycle Eff — Effluent
M — Membrane Bio-Reactor RAS — Return Activated Sludge

WAS — Waste Activated Sludge

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

e Bardenpho MLE IFAS
Criteria
RR/IR RR/IR RR/IR
Operability 0/0 0/0 0/0 0/NA
Proven process +/+ +/+ 0/0 0/NA
Life cycle costs +/+ -/- -/- -/ NA
Site compatibility +/+ -/- +/+ +/ NA
Resource consumption +/+ -/- -/- -/ NA
Ease of maintaining treatment
. . . +/+ +/+ +/+ +/NA
capacity during construction
Recommended process Yes No No No
Notes: 0 means neutral; + means positive; — means negative;
NA means not applicable; RR = Roger Road WRF; IR = Ina Road WRF

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

4.8.2 Financial Evaluation

More detailed comparative cost estimates were made for the entire treatment facilities for Roger Road
WRF and Ina Road WRF including interconnect pipelines, primary clarifiers, aeration tanks, final
clarifiers, disinfection facility and odor control system. The costs were estimated in two sets: first, cost
estimates were made for the four selected alternatives for the purpose of selection of the most viable
alternative; second, the cost estimates were made for the Bardenpho process with the three flow split
options for the purpose of selecting the most cost effective flow split between Roger Road WRF and Ina
Road WRF. For each case capital and O&M costs were estimated and present worth (PW) costs were
calculated based on a project period of 20 years at an interest rate of 8 percent. The major items of the
capital costs included:

Plant interconnect wastewater transmission pipelines
Demolition and removal of existing obsolete facilities
Construction of new facilities

Reclaimed water return transmission lines

Tucson Water booster pump station

Tucson Water reservoir

The operation and maintenance (O&M) costs included:
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Labor

Methanol

Polymer for sludge thickening and dewatering

Alum for phosphorus removal

Power for wastewater treatment

Power for reuse water pumping

Interconnect line, pumps and mechanical maintenance

Comparative costs did not include items such as site work, paving, architecture, fencing, irrigation,
administration, laboratory, and other elements common to all alternatives.

Capital and O& M costs were estimated using a computerized data base of costs for similar components
at many other wastewater treatment plants (Water Cost model), recent experience of the consultant team
with construction bids for similar facilities, and published (Means) data based on limited quantity take-
offs and vendor quotes. Capital costs for major structures and facilities used in the comparative cost
estimates were:

New screening facility - $60,000/mgd

New grit facility - $50,000/mgd

Aeration Tank - $14/cubic feet (cf) of aeration tank volume

Primary and secondary clarifiers - $350/square feet (sf) of surface area
Denitrification filters - $3,000/sf surface area

Rapid sand filters - $2,300/sf surface area

In plant pump station - $60, 000/mgd

UV disinfection facilities - $60,000/mgd

Plant interconnect - $11/inch-foot

IFAS media - $20/cf of media volume

Comparative costs for major O&M costs were:

Power cost — 8.7 cents/kilowatthour (kWh)
Methanol - $1.0/gallon

Alum - $1.0/gallon

Polymer - $2/pound

Labor - $35/hour

Comparative capital costs and present worth (PW) costs are summarized in Table 4-9.
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Table 4-9
Capital and Present Worth (PW) Costs of Alternatives @@

Process
Bardenpho at RR and IR $431 $287 $464 $319
IFAS at RR and IR $439 $295 - -
MLE at RR and IR $446 $300 - -

BT/NAS at RR and
Bardenpho at IR

(1) Physical limitations of existing trickling filters at Roger Road WRF limit the BT/NAS process
application to the 20/62 mgd flow split.
(2) The costs are shown in million dollars.

- - $479 $327

The Bardenpho process offers the lowest cost treatment approach and is the most widely used process,
Therefore, the costs for only the Bardenpho process were prepared to compare the relative costs of the
three flow split alternatives.

The Roger Road WRF is aging and is difficult to retrofit with new facilities that are capable of meeting
the effluent goals, while meeting all environmental requirements and odor control. The Roger Road WRF
site has not sufficient available space to accommodate all new treatment facilities on the existing plant
site. Therefore a new treatment plant on the available space referred to as the new Roger Road WRF
option was considered as an alternative to the modification/expansion of the existing plant for Roger
Road WRF. Major benefits of a new plant include:

Eliminates risks associated with costs and schedule for rehabilitation
Can be more flexible, reliable and operable

Better integrates with reclaimed water system

Provides least risk for regulatory non-compliance

Maintains existing eco-system in Santa Cruz River

Frees up the existing plant property for economic development

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

RR WRF=32 mgd

287 431
IR=50 mgd $ $
RR WRF=20 mgd
IR=62 myd $319 $464
RR WRF=0 mgd

375 514
IR=82 mgd $ $
New WRC=32 mgd

320 457
IR=50 mgd $ $
New WRC=20 mgd

e md $340 $480

IR=62 mgd

(1) The costs are shown in million dollars.

The treatment of 32 mgd at Roger Road WRF and 50 mgd at Ina Road WRF is the lowest cost flow split
alternative.

The comparative costs in Table 4-10 for the rehabilitation of Roger Road WRF and the new Roger Road
WREF options were based on costs without consideration of the potential costs of the risks inherent in
rehabilitating the older Roger Road WRF. Exclusive of these risk-related costs, it would appear that there
is a cost savings with the rehab option. However, there are extraordinary risks associated with the Roger
Road WRF rehabilitation option that would not be found in the new Roger Road WRF option. The
potential cost impacts of these risks are discussed in the following paragraphs.

Schedule — It will take longer to construct the rehabilitation project than to construct a new Roger Road
WREF due to the added time needed to phase pieces of the construction to keep the existing plant in
operation. There is also the risk of additional time associated with encountering unexpected conditions
within the existing plant (piping in unexpected locations, unanticipated utility conflicts, poor underground
structural conditions that take time to remedy, etc). There is the additional risk that it may take longer to
gain public acceptance of the rehabilitation option than for the new Roger Road WRF option because of
the history of odor problems and generally poor public perception of the existing Roger Road WRF.
There would be added costs resulting from inflation and added field overhead if these risks materialize.

In addition to the inflation, there has been extreme volatility and large cost increases for steel, concrete
and copper experienced in the last year. Concrete costs are reported to have increased 15-18 percent from
July 2005 to July 2006. Steel bar used to reinforce concrete is reported to have increased at least 50
percent. The net effect on construction costs has been reported to be an increase of 30 percent from July
2005 to July 2006. It is speculative whether or not these increases will continue but if they do, substantial
additional costs would be incurred from schedule delays.
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If the regulatory deadlines are missed because of delays, a fine for permit violations would likely result.
Under Federal law, fines up to $35,000 per day can be imposed in Pima County for each such violation.
There is also the potential that a building moratorium would be imposed until the permit violations cease
creating added schedule-related costs. The costs and community impacts of such a moratorium would be
enormous.

Constructability — Construction within the Roger Road WRF will be very difficult. Claims for changed
conditions could be substantial. Existing “as-built” plans in older facilities are never complete or totally
accurate. It is not possible to be knowledgeable about the condition of underground structures or the
location of underground piping and utilities. These changed conditions could increase the cost of the
rehab option.

System Operability — Once the plant is complete, owing to the fact that substantial portions of the plant
retain older mechanical equipment and components, the resulting plant will be a patchwork of old and
new facilities will cause the rehabilitation plant to be more cumbersome to operate than a new Roger
Road WRF. This will require added operating/maintenance staff.

System Reliability — The rehab option which results in a plant that will be a mixture of old and new
mechanical equipment that will be inherently less reliable than a new Roger Road WRF. There is a
greater risk that a failure of older equipment could cause a violation of the discharge permit. There is a
potential liability of $35,000 per day for each such violation.

Environmental Impacts — The rehab option will result in heavy construction occurring in the midst of an
operating treatment plant. This increases the chances that a construction activity may disrupt the treatment
process causing a violation of the discharge permit. There is a potential liability of $35,000 per day for each
such violation. In the event that the disruption causes a severe failure of the treatment process, there could
be substantial damage to the downstream environment and health risks with an associated liability.

The risk-related costs for the rehab option at the Roger Road WRF are estimated to be $50,000,000-
$80,000,000 exclusive of the cost of a potential building moratorium. When the risk-related costs are
considered, the cost difference between the rehabilitation and a new Roger Road WRF options for the
Roger Road WRF shown in the above table disappear.

4.8.3 Non-Economic Factor Criteria

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

Cost (exclusive of risk-related costs involved in the rehab Roger Road WRF option)
Schedule

Constructability

Flexibility

PoONME
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System Reliability

System Operability

Environmental Impacts
Water/Waster System Optimization
9. Public Acceptance

10. Potential for Cost Sharing

11. Effect on Financing

NGO

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

Table 4-11
Non-Economic Factor Criteria Evaluation Matrix with Complete Scores
(Rating scale of 1-5 with a rating of 5 being most favorable)

Un-Weighted Score Weighted Score

Criteria | Weighting| pp-3 RRGF=32 | RRGF=20
1 5 5 4 2 4 3 50 40 20 40 30
2 5 3 3 5 5 5 15 15 25 25 25
3 3 2 2 4 5 4 6 6 12 15 12
4 4 3 3 5 5 5 12 12 20 20 20
5 4 4 4 5 5 5 16 16 20 20 20
6 4 3 3 4 4 4 12 12 16 16 16
7 4 3 3 4 4 4 12 12 16 16 16
8 5 5 4 3 5 4 25 20 15 25 20
9 5 1 2 2 3 2 5 10 10 15 10
10 3 5 4 3 5 4 15 12 9 15 12
11 3 5 4 2 4 3 15 12 6 12 9

Total 39 36 39 49 43 183 167 169 219 190

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

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

484 Recommendation

As a result of the evaluations of the BNR process alternatives and flow-split options between Roger Road
WRF and Ina Road WRF, the following recommendations are made:

B Use Bardenpho process at both plant locations

B Use a flow split of 32 mgd for Roger Road WRF and 50 mgd for Ina Road WRF

B Use the new facility design for Roger Road WRF plant and rehabilitation for the Ina Road WRF
facilities

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

4.8.5 Preliminary Sizing of Facilities

The facility for Roger Road WRF and Ina Road WRF was sized to adequately treat the future wastewater
loads and to consistently meet the future effluent requirements meeting the treatment goals. The facilities
were initially sized based on conventional design approach and confirmed by the GPS-X modeling.

The sizing of the aeration tank was based on the raw wastewater without primary treatment for the Roger
Road WREF plant and with primary treatment for the Ina Road WRF. The flows and loading conditions
used for the initial sizing are shown in

Table 4-5. The aeration tanks were configured with three-anaerobic bio-selector zones, five-anoxic
zones, four-aerobic zones, one-anoxic zone and one-aerobic zone in series for a total of 14 zones. A
typical internal recycle of 400 percent was used with the recycle flow from zone 12 to zone 4. This
configuration utilizes zones 1-3 for anaerobic process for Bio-P removal and the rest of the zones for
BOD removal, nitrification and denitrification.

The Roger Road WRF requires a new aeration capacity of 21 million gallons (MG) for the new facility
design option without primary clarifiers. The Ina Road plant requires a total aeration tank capacity of 33
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MG. The existing BNRAS aeration tanks provide 7.5 MG of capacity. The balance of 25.5 MG for new
aeration tanks needs to be constructed.

Due to carbon limitation to achieve both biological phosphorus removal and denitrification, some
chemical addition of ferric chloride (or alum) or methanol is required to remove additional N and/or P
beyond the denitrification and Bio-P can achieve in order to meet the effluent requirements. Because of
advantage of chemically binding of phosphorus in the biosolids treatment processes and reduced
phosphorus in the recycle, additional chemical phosphorus removal, after optimal removal of phosphorus
by Bio-P, is recommended. The ferric chloride can be added to the stream of aeration tank effluent ahead
of the final clarifiers to clean-up the residual phosphorus to meet the future effluent limit for phosphorus.

The new WRC should be designed for a peak hourly flow of two times of the average daily flow. The
peak hourly flows are 64 mgd for the new WRC adjacent to the existing Roger Road WRF and 100 mgd
for Ina Road WRF.

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

Roger Road WRF Ina Road WRF

New Facility Design Existing Plus
without Primary New Addition

Peak Hourly Flow, mgd
Influent Pump Station 64 100
Grit Removal Facility 64 100
Primary Treatment 64 100
Aeration Tanks 64 100
Final Clarifiers 64 100
Rapid Sand Filters 64 100
UV Disinfection Facility 64 100
Preliminary Aeration Tank (AT) Size, MG
Existing AT 0 7.5
New AT 21.0 25.5
Total AT 21.0 33.0

Preliminary site plans are shown on Figure 4-6 and Figure 4-7 for the new WRC and Ina Road WRF,
respectively.
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Figure 4-6
32-mgd Water Reclamation Campus Preliminary Site Plan
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Figure 4-7
New 50-mgd Ina Road WRF Preliminary Site Plan
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Summary

A detailed analysis on the wastewater treatment strategy was made and the results are summarized as
follows:

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

Wastewater characteristics were determined based on the information contained in the 2004-2005
GPS-X modeling, future loadings predicated on water conservation, and mass balance with recycle
flows from expected future biosolids operation. Because of higher recycle contribution, the
nutrient concentrations in the Ina Road WRF influent were substantially higher than the Roger
Road WREF influent. Peaking factors were estimated based on operating data.

Among a number of flow-split options reviewed, three flow-split options were selected for flow
split between the treatment plants for further analysis and these include:

- 32 mgd to Roger Road WRF and 50 mgd to Ina Road WRF

— 20 mgd to Roger Road WRF and 62 mgd to Ina Road WRF

-~ All 82 mgd to Ina Road WRF
Due to expected stringent effluent requirements and effluent reuse requirements, a high degree of
treatment would be required and the effluent goals were set at:

-~ Ammonia nitrogen concentration of 2 mg/L or lower

- Total nitrogen concentration of 8 mg/L or lower

- Total phosphorus concentration of 1 mg/L or lower

- Low turbidity

To meet the effluent goals, a combination of biological nitrogen removal processes and biological
phosphorus (Bio-P) removal was found to be the most cost effective.

A review of BNR processes for nitrogen and phosphorus removal resulted in consideration of nine
processes which were screened based on economic and non-economic criteria. As a result, four
alternatives were selected for further evaluation:

- Bardenpho

- MLE

- IFAS

- BT/NAS (for treatment of 20 mgd at Roger Road WRF)

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

B The new facility option of replacing the existing Roger Road WRF with a new treatment plant at
the Roger Road location was evaluated. Considering the cost uncertainties involved in
rehabilitating and modifying the Roger Road WRF and considering non-economic factors, the new
WRC option was determined to be the favorable option for the future Roger Road WRF.

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

5.1 Introduction

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

Discussion of existing Class B biosolids processing

Estimated future biosolids production

Class B and Class A requirements

Discussion of available markets

Process alternatives for Class A biosolids production

Class B and Class A arrangements for the “existing plan”, “transfer all”, and “transfer some”
options

PCRWRD energy evaluation findings

Biosolids processing recommendations

Recommended biosolids management plan

5.2 Existing Class B Biosolids Processing

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

5.2.1  Roger Road WRF Biosolids Processing

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

WRF.

Unit Process

Solids Thickening
(Primary Sludge
and Waste
Activated Sludge)

Table 5-1
Summary of Roger Road WRF Biosolids Facilities

Facilities

3 — Covered Gravity
Thickeners

Condition ‘

Uncertain structural stability and corrosive
environment for equipment tankage

2 — Dissolved Air Flotation
Thickeners

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

1 — Gravity Belt Thickener

Currently just beginning service for WAS
thickening, excellent condition

Digestion

6 —Anaerobic Digesters
(4 Primary and 2 Secondary)

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

Sludge Transfer to
Ina Road WRF

Sludge Pumping Station and
5.3 mile 8-inch Force Main

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

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

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

GBT

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

To Ina Road

PS.——

Digesters

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

TSS = Total Suspended Solids P.S. = Pumping Station

WAS = Waste Activated Sludge GT = Gravity Thickener
VSS = Volatile Suspended Solids GBT = Gravity Belt Thickener

5.2.2 Ina Road WRF Biosolids Processing

The existing Ina Road WRF biosolids processing facilities and a summary of the condition assessment
results are provided in Table 5-2. The existing digestion facilities are designed to produce Class B
biosolids through mesophilic anaerobic digestion. Based on data provided by the County, the existing
facilities are typically achieving volatile solids destructions of 55 percent. This reduction rate indicates
good digestion operation at the plant. Figure 5-2 summarizes existing biosolids facilities and mass
transfers at the Ina Road WRF-.

Stabilized Class B biosolids are currently thickened to approximately 8 percent solids using centrifuges
and are disposed of through an existing contract for agricultural land application. This disposal option is
preferred to thickened rather than dewatered solids as the water in the biosolids is beneficial in the region
and the existing contractor’s equipment is consistent with this product up to 10 percent solids.

The current land application option has been successful for the County and provides a beneficial use of its
biosolids. It is expected that land application will continue to be an option for biosolids disposal in the
area in the future. However, some issues of concern with this disposal method have arisen. Currently,
hauling distances for disposal are approximately 25 miles round trip and are through a single disposal
contractor that controls the majority of available land in the area. It is expected that this hauling distance
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could increase to 40 miles roundtrip at some point in the future as development pushes available land
further out from the existing Ina Road WRF. Concerns over the quality of Class B biosolids have arisen
in other parts of the U.S. If similar concerns arise in the area, disposal of Class B biosolids by land
application could become difficult or unacceptable, requiring Class A processing. Also, the County
wishes to have additional options for disposal.

Table 5-2

Summary of Ina Road WRF Biosolids Facilities

Unit Process

Solids Thickening
(Primary Sludge and
Waste Activated Sludge)

Facilities

1 —Gravity Thickener

Condition

Tankage in good condition, odor issues

3 — Dissolved Air Flotation
Thickeners

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

Digestion

4 —Anaerobic Digesters
(All Primary)

Fair condition, no major issues

Thickening/Dewatering

3 — Thickening/Dewatering
Centrifuges

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

Digested Sludge Storage
and Transfer Station

1 — Bladder Storage Basin
and Transfer Station

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

Figure 5-2

Existing Ina Road WRF Biosolids Diagram (at 23.4 mgd)

Pri: 40,000 dry Ibs/day

Digesters

0.5% TSS
WAS: 15,000-25,000 dry Ibs/day
0.2% TSS
] Roger: 44,000-60,000 dry Ibs/day
Thick: 55,000-65,000 dry Ibs/day — 18%TSS
4.4% TSS 66%VSS
83-86% VSS )
To Storage/
) Land Application
» Centrifuges >

Dig: 32,000-38,000 dry Ibs/day 72,000-93,000 dry Ibs/day

1.8% TSS 8% TSS

64%VSS
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5.2.3 Non-Metro Facilities

Pima County operates a number of wastewater treatment facilities besides the Roger Road WRF and Ina
Road WRF termed the “Non-Metro Facilities”. Biosolids processing at each of these facilities varies
significantly from one facility to another and appears to have been based on size of facility, available land
for evaporation, distance to existing sewers to Ina Road WRF and Roger Road WRF, etc. Table 5-3
summarizes approximate solids production rates from these facilities and the type of processing and
disposal used. Three of the plants, Marana WRF, Mt. Lemmon WRF, and Avra Valley WRF, have solids
generated at the facility hauled to either Ina Road WRF or Roger Road WRF influent sewers. Thus, the
sludge generated at these facilities become part of the treatment and disposal processes at Ina and Roger
Road as well. For the purposes of evaluating treatment alternatives for the Ina Road WRF and Roger
Road WRF during the planning period, it was assumed that these Non-Metro facilities would continue the
current practice.

The Green Valley WRF, a 4.1-mgd facility, has the most significant biosolids processing facilities. This
plant also has an alternative disposal method that has allowed Pima County to diversify its disposal
options into a new market, mine reclamation. Dried solids (greater than 90 percent TSS) are transported
to the ASARCO Mission Mine Facility for utilization to as a soil amendment for establishing vegetation
on mine tailings. This disposal option is occurring through a research project associated with the
University of Arizona. Results have been promising to date.

Table 5-3
Regional Facilities Current Biosolids Generation and Processing

: Current, . :

Location ‘ dry tpd(l) Processing, Disposal
Marana WRF 0.28 storage, hauled = Ina Road WRF
Rillito Vista WRF 0.014 dried, scraped, hauled to landfill
Avra Valley WRF 2.2 storage, hauled = Roger Road WRF
Green Valley WRF 5.7 GBTs, Aerobic Dig., Belt Filter Press (BFPs), Drying = Mine
Arivaca Junction . '
WRE 0.09 dried, scraped, hauled to landfill
Corona de Tucson . , .
WRE 0.16 Evaporation, hauled to landfill when pond is cleaned
C\I/E?:CO' Fairgrounds 0.004 Evaporation, hauled to landfill when pond is cleaned
Mt. Lemmon WRF 0.018 storage, hauled = Ina Road WRF
Randolph Park WRF 0.007 Conveyed by sewer to Roger Road WRF

Total 8.47

(1) Based on 2,800 dry Ibs/day raw biosolids produced per mgd of flow treated
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5.3  Estimated Future Biosolids Production

Through development of wastewater projections and treatment alternatives analysis associated with this
project, future biosolids production rates have been estimated for the Roger Road WRF and Ina Road
WREF for the three main arrangement alternatives — existing plan, transfer all, transfer some. The liquid
stream treatment alternatives are impacted by recycles from the solids treatment processes, particularly
from solids thickening and post stabilization thickening or dewatering. The type of solids stabilization
utilized greatly impacts the constituents in the recycle streams, such as ammonia and phosphorus. Mass
balances have been developed for the facilities to account for these recycle streams.

At the Biosolids Workshop (No. 7), it was agreed that Pima County will continue to utilize anaerobic
digestion for solids stabilization of sludge streams from the Ina Road and Roger Road plants. Prior to this
study, all three of the major system configuration alternatives considered (existing plan, transfer all,
transfer some) included a central biosolids processing facility at Ina Road WRF and the digestion
facilities at Roger Road WRF were to be decommissioned. Centralization of solids handling and
treatment is cost effective, particularly if Class A biosolids are required. Thus, a centralized biosolids
processing facility serves as the starting point for development of biosolids processing alternatives.
Additionally, in the existing plan and transfer some alternatives, the scenario of a Roger Road WRF have
been developed. In this scenario, Roger Road WRF solids would be handled as follows: primary sludge
(if primary tanks are provided) would be transferred to Ina Road WREF in the influent sewer, and waste
activated sludge would be thickened to 3 percent solids at Roger Road WRF and then pumped to
digestion at Ina Road WRF.

5.3.1 Biosolids Production Assumptions

Major assumptions in developing biosolids production rates at the Roger Road and Ina Road plants are
summarized below.

Non-Metro facility solids generation and contribution to Roger Road WRF or Ina Road WRF are
determined for planning purposes. As these solids come into the plants with the influent, wastewater
characteristics and concentrations were developed for these loads. Table 5-4 summarizes the
assumptions made for Non-Metro facility solids contributed to Roger Road WRF and Ina Road WRF.

Table 5-4
Non-Metro Facility Sludge Wastewater Characteristic Assumptions
‘ Parameter ‘ Assumption
Percent Solids 1%

See estimates in Table 5-15 Non-Metro

TSS Facilities Future Biosolids Production
BOD 05 *TSS
cob 2 *BOD
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‘ Parameter ‘ Assumption
sBOD 0.23 * BOD
VSS 0.76 * TSS
TKN 0.05*TSS
TP 0.02*TSS

Primary treatment removals were estimated. The removal rates were established based on which
treatment facility was being addressed and, for Ina Road WREF, the capacity being treated. Primary
removal of BOD was estimated at approximately 31% and TSS removal at 60%.

Other major assumption for treatment to generate biosolids produced for the alternatives are summarized

in Table 5-5.

Table 5-5

Additional Biosolids Generation Assumptions

Process

Secondary Treatment

Parameter
Solids Yield with Primary Tanks

Assumption
0.8 Ib TSS/Ib BOD applied

Solids Yield without Primary Tanks

1.2 Ib TSS/Ib BOD applied

WAS Concentration

7,000 mg/L

TP Removal to Sludge

60% of Primary Effluent TP

Sludge VSS 76% of Sludge TSS
) . TSS 90% Removal

Thickening - -

Thickened Concentration 4.5%
Digestion Minimum VSS Destruction 50%
Digested Sludge Thickening Concentration 8%

Primary Sludge Sent to Ina Road in Sewer

Roger Road WRF :
Assumptions WAS Thicken to 3% and Pump to Ina

Road WRF

Using the assumptions summarized above, biosolids quantities were developed for each of the major

treatment alternatives.

5.3.1.1  Roger Road WRF

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

5-7
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Solids Stream Flow, mgd ‘ % Solids Jrs}lslb'\g‘;"jasy ‘ Xr“:’lslb'\g?s:y
Primary Sludge 0.62 1.0 51,900 39,400
Waste Activated Sludge 0.80 0.7 46,600 35,400
Thickened Sludge 0.24 4.5 88,700 67,400
Thickener Overflow 1.18 0.1 9,900 7,500

Table 5-7
Roger Road WRF 32-mgd Solids Streams (With Primary Tanks)

. : TSS Mass VSS Mass
0 1 1
Solids Stream Flow, mgd ‘ % Solids ‘ dry Ibs/day dry Ibs/day
Primary Sludge
(to Ina Road WRF Influent) 0.58 1.0 48,700 37,000
Waste Activated Sludge 0.77 0.7 45,100 34,300
Thickened WAS
(to Ina Road WRF Digestion) 0.24 2.0 40,600 30,900
Thickener Overflow 0.53 0.1 4,500 3,400

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

Solids Stream

Table 5-8

TSS Mass,

VSS Mass,

Flow, mgd ‘ % Solids ‘

dry Ibs/day

dry Ibs/day

Waste Activated Sludge 1.72 0.7 100,600 76,400
Thickened WAS

(to Ina Road WRF Digestion) 0.36 3.0 90,500 68,800
Thickener Overflow 1.36 0.1 10,100 7,600

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

. ' TSS Mass VSS Mass
0 1 1
Solids Stream ‘ Flow, mgd ‘ % Solids dry Ibs/day ‘ dry Ibs/day
Primary Sludge 0.41 1.0 34,500 26,200
Waste Activated Sludge 0.52 ‘ 0.7 30,100 ‘ 22,900
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[ TSS Mass VSS Mass
0, 1 ’
Solids Stream Flow, mgd ‘ % Solids ‘ dry Ibs/day ‘ dry Ibs/day
Thickened Sludge 0.16 4.5 58,100 44,200
Thickener Overflow 0.77 0.1 6,500 4,900

53.1.2 Ina Road WRF

The treated flow at Ina Road WRF for each of the major system configurations (existing plan, transfer all,
transfer some) is 50 mgd, 82 mgd, or 62 mgd, respectively. Also, the 32-mgd Roger Road WRF
alternative would result in differing sludge flows and recycles at Ina Road WRF as the Roger Road WRF
solids handling will impact to the Ina Road WRF influent. Table 5-10,

Table 5-11, Table 5-12, Table 5-13 and Table 5-14 summarize Ina Road WRF sludge flows for the
major system configurations. Additional sludge from Roger Road WRF pumped to the plant via the 8-
inch interconnect (loads shown in Subchapter 5.3.1.1) would be added to obtain total solids to digestion at
Ina Road WRF. The following tables present only the solids generated from Ina Road WRF wastewater
liquid stream processes.

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

. . TSS Mass VSS Mass

0 1 1

Solids Stream Flow, mgd ‘ % Solids dry Ibs/day dry Ibs/day
Primary Sludge 1.14 1.0 95,200 72,400
Waste Activated Sludge 1.35 0.7 78,800 59,900

Thickened Sludge
(WAS + Primary)

Thickener Overflow 2.07 0.1 17,400 13,200

0.42 4.5 156,600 119,000

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

. . TSS Mass VSS Mass

0 1 1

Solids Stream Flow, mgd ‘ % Solids ‘ dry Ibs/day ‘ dry Ibs/day
Primary Sludge 1.52 1.0 127,200 96,600
Waste Activated Sludge 1.60 0.7 93,700 71,200

Thickened Sludge
(WAS + Primary)

Thickener Overflow 2.60 0.1 22,100 16,800

0.53 4.5 198,700 151,000
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: : TSS Mass VSS Mass
0, 1 )
Solids Stream Flow, mgd ‘ % Solids ’ dry Ibs/day ‘ dry Ibs/day
Primary Sludge 1.15 1.0 95,300 72,400
Waste Activated Sludge 1.35 0.7 78,800 59,900
Thickened Sludge
(WAS + Primary) 0.42 4.5 156,600 119,000
Thickener Overflow 2.07 0.1 17,400 13,200

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

. . TSS Mass VSS Mass

0 1 1

Solids Stream Flow, mgd ‘ % Solids dry Ibs/day ‘ dry Ibs/day
Primary Sludge 1.75 1.0 145,900 110,900
Waste Activated Sludge 2.14 0.7 124,800 94,900

Thickened Sludge

(WAS + Primary) 0.65 4.5 243,700 185,200
Thickener Overflow 3.24 0.1 27,100 20,600

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

. . TSS Mass VSS Mass
0 L 1
Solids Stream Flow, mgd ‘ % Solids ‘ dry Ibs/day dry Ibs/day
Primary Sludge 1.35 1.0 112,600 85,600
Waste Activated Sludge 1.63 0.7 95,200 72,300
Thickened Sludge
(WAS + Primary) 0.50 4.5 187,000 142,100
Thickener Overflow 2.48 0.1 20,800 15,800

5.3.1.3

Non-Metro Facilities

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

assumed future biosolids production rates for the Non-Metro facilities.
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Table 5-15
Regional Facilities Future Biosolids Production (2030)

. Future, . .

Location raw dry tpd(l) Processing, Disposal
Arivaca Junction 0.00 Facility decommissioned, flow transferred to Green Valley
WRF ' WRF
Avra Valley WRF 4.20 storage, hauled = Roger Road WRF
Corona de Tucson 2.94 storage, hauled = Ina Road WRF
WRF
Green Valley WRF 6.16 GBTSs, Aerobic Dig., BFPs, Drying = Mine
Marana WRF 6.16 storage, hauled = Ina Road WRF
Mt. Lemmon WRF 0.003 storage, hauled = Ina Road WRF
Pima Co. Fairgrounds 0.00 Facility decommissioned, flow transferred to Southeast
WRF ' Interceptor (SEI)
Rillito Vista WRF 0.00 Facility decommissioned, flow transferred to Marana WRF
Randolph Park WRF 0.007 Conveyed by sewer to new WRC/Ina Road WRF
Southlands WRF 14.70 Thicken/haul to interceptor for discharge
(future)

Total 28.0

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

54  Class B and Class A Biosolids Requirements

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

54.1  General Land Application Requirements

Based on the current regulations, bulk biosolids applied to land must meet pollutant ceiling concentrations
and cumulative pollutant loading rates, Class B pathogen requirements, vector attraction reduction
requirements, and management practices requirements. Vector attraction reduction can be accomplished
in a number of ways listed in the regulations, such as digestion to achieve greater than 38 percent VSS
reduction, alkaline stabilization, drying, injection, or incorporation. Management practices requirements
apply to application of both Class A and Class B biosolids, but the restrictions associated with Class B
products are considerably more stringent. If Class A pathogen reduction requirements are met, the
biosolids can also be utilized for lawns and home garden applications.
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54.2  Class B Requirements

The EPA Part 503 regulations provide three approaches to produce a Class B product. The first approach
is to use a technology on the EPA list of PSRPs. The other two approaches require continuous
monitoring for pathogens or submitting pathogens data to EPA to demonstrate that the process is
equivalent to a PSRP process. The processes considered to meet the criterion for Class B biosolids
associated with this study are all on the EPA PSRP list. Table 5-16 summarizes the criteria for PSRPs
process considered for this study.

Table 5-16
Class B Processes
Process ‘ Requirements
. . MCRT of 40 days at 20°C or
Al D
erobic Digestion MCRT of 60 days at 15°C
Air Drying Dry on beds for 3 months, with 2 months = 0°C

MCRT of 15 days at 35-55°C or
MCRT of 60 days at 20°C

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

Anaerobic Digestion

543  Class A Requirements

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

Class A designation fall on the list of PSRP processes. Table 5-17 summarizes the processes considered
in this study to achieve Class A compliance.

Table 5-17
Class A Processes

Process Requirements

Thermophilic Aerobic

Digestion @ MCRT of 10 days at 55-60°C

Direct or Indirect Gas Drying to < 10% moisture content and solids
temperature of 80°C

Heat Treatment ® MCRT of 30 minutes at 180°C

Heat Drying @
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Process ‘ Requirements

3 days at 55°C for in-vessel or static pile

Composting .
posting 15 days at 55°C for windrow

Pasteurization 30 minutes at 70°C

pH 12 and maintained for 72 hours with biosolids = 52°C for 12 hours,

. e @
Alkaline Stabilization followed by air drying to 50% TS

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

Time/temperature ©

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

55  Available Markets

55.1  Agricultural Land Application

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

5.5.2 Landfilling

Disposing of biosolids in a municipal solids waste landfill is not considered a beneficial use, but does
represent a viable disposal option. A recent survey of biosolids management in Arizona indicated that a
large number of municipalities rely on landfilling for biosolids disposal. Just as concerns have arisen
about land applying Class B biosolids, there are some places where groups are concerned about land
applying biosolids in general. Landfilling remains a viable and cost effective approach, especially as a
backup or contingency plan. This disposal method can often be utilized without stabilization of solids as
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long as the biosolids meet the EPA paint filter test (dewatered to 12-15 percent solids) and Toxicity
Characteristics Leachate Procedure (TCLP). The paint filter test requires no free water and the TCLP test
sets limits on the heavy metal content of water leached through a sample of the dewatered sludge. It is
often advantageous to dewater biosolids to a greater degree (such as 25 percent) for landfilling to
minimize disposal cost and to make the material easier to transport and place in the landfill. A past trial
of disposing of biosolids at a Pima County landfill indicated that the solids were too wet and caused
equipment problems at the landfill.

Landfill space is available in Arizona. Nearby landfills include: the Tangerine Road Landfill operated by
Pima County, the Sahuarita Landfill operated by Pima County, and the Los Reales Landfill operated by
the City of Tucson. The Tangerine Road landfill is expected to reach capacity in 2009. The Sahuarita
Landfill is expected to have capacity for approximately 15 more years. The Los Reales Landfill is
expected to have capacity for 60 years. Tipping fees at the Pima County landfills are approximately $100
per ton for non-standard waste. Tipping fees at the City of Tucson landfill is approximately $75 per ton
for special handling rate. Given the tipping fees, minimizing the amount of water in the biosolids is
advantageous. Thus, dewatering to approximately 25 percent solids would be recommended for this
disposal option.

With the tipping fees and required hauling for landfilling it is likely that this disposal method will be
more expensive than the current land disposal option. However, landfilling could provide a backup to
other disposal options and reduce reliance on a single outlet.

553 Mine Tailings Reclamation

This disposal option has promise for Pima County. The current University of Arizona project utilizing
Green Valley WRF biosolids has been successful. The dried biosolids from Green Valley WRF are taken
to the ASARCO mine. The Dodge Phelps mine has also been identified as a possible reclamation site.
Other mines within a 100 mile radius of Pima County exist and could be potential sites. This market
requires a dewatered or dried product. Given the significant increase in biosolids for disposal if Ina Road
WRF and Roger Road WRF sludge was added to the program, other disposal sites would have to be
identified and utilized. Additionally, this market is dependent on mining conditions. Reclamation is
performed when a site, or a portion of a site, is no longer being mined. There is a federal requirement that
mines be reclaimed after they are closed. However, the amount of biosolids that can be dedicated to this
market could be variable from year to year, depending upon mining operations.

This disposal option could be viable for Pima County in the future. It may be most applicable to the Non-
Metro facilities as regionalization of these plants is considered. To further explore the potential of this
option, a separate market study would be appropriate and expansion of the current project may be
advisable to determine stability and actual costs for this alternative.

554 Dedicated Land Disposal

An alternative that may have future merit for Pima County is the development of a dedicated land
disposal site. This alternative consists of acquiring a dedicated parcel of land to apply biosolids that is not
accessible to the public. Biosolids would be applied to the site and incorporated into the soil. This
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disposal option would not require solids stabilization, if the biosolids are covered on a daily basis.
Otherwise, they would need to meet the Class B requirements. Vector attraction controls would be
required either in the form of stabilization or by applying management practices such as daily
incorporation into the soil. The primary requirements for dedicated land disposal is that the biosolids
must meet the heavy metal limit, groundwater monitoring wells need to be installed and maintained, and
surface runoff needs to be contained and monitored. There are restrictions on public access to the land
and how the land can be used in the future. There are also reporting requirements that are prescribed in
the Part 503 regulations. Dewatered solids could be trucked to the site or a solids pipeline could deliver
solids to the site. If the solids are pumped to the site, an onsite dewatering facility may be beneficial. The
alternative should be considered with a significant buffer zone around the site, such as a 1,000 foot
setback to application areas. Other siting requirements are described in the Part 503 regulations.

This disposal method is being utilized effectively by the Dallas Water Utilities in Dallas, Texas. Based
on experience in Dallas, an active area loading rate of approximately 0.1 dry ton per day per acre has been
manageable. Table 5-18 summarizes conceptual sizing information for this option.

Table 5-18
Dedicated Land Disposal Conceptual Sizing

For Ina Road and

For all County

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

5,55  Other Land Application

Alternative land application options include use of biosolids on golf courses and other landscaping
projects such as roadway improvements. Landscaping contractors could use biosolids for a variety of
projects. These markets would require production of Class A biosolids. Additionally, dewatered or dried
product would be required. The viability of these markets would require a detailed market analysis. A
major issue to consider is stability of the market continually and long term given the high amount of
solids to be disposed of. These markets may be more appropriate for some of the Non-Metro facilities
with smaller and less frequent disposal needs.
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5.5.6 Sale as Fertilizer

A few municipal agencies produce bagged fertilizer from biosolids. This market would require a dry,
Class A product. Amendments to the biosolids to increase its value as fertilizer would likely be required.
While this market has the highest public relations benefit potential, it requires significant capital and
operations investment. Thus, such a market would require focused market research prior to investment.

5.5.7  Other Emerging Markets

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

5.6  Process Alternatives for Class A Biosolids Production

In evaluating process alternatives to produce Class A biosolids, consideration should be given to the type
of end product generated by the process and whether or not this type of product is marketable. For
example, for the current land application arrangements in place at Pima County, the applicator prefers a
liquid biosolids product with a solids concentration of approximately 8 percent. Thus, a heat dried
product of more than 90 percent solids or alkaline stabilized product with total solids of 50 percent would
not be consistent with this current market.

As noted in this chapter there are a number of PFRPs that by definition will result in Class A biosolids,
such as heat drying, composting, pasteurization, and alkaline stabilization. Additionally, anaerobic
digestion can be used to produce Class A biosolids if it meets the time temperature requirements. The
currently accepted forms of Class A anaerobic digestion is a batch thermophilic process or a batch
thermophilic process followed by a mesophilic process. As only anaerobic digestion with a batch process
is given Class A status based on process design criteria, this study has limited the anaerobic digestion
options to those with batch processing. Based on input from a U.S. EPA representative, it has been
verified that continuous feed thermophilic digestion is not considered a Class A process without a batch
step. Testing for equivalency may be occurring at some locations currently, but none have been given
Class A status at this point in time.

The testing equivalency process requires significant data collection and obtaining results takes some time.
If the biosolids do not meet the testing requirements, they can not be disposed of as Class A product.
Thus, issues could result with disposal arrangements if the testing does not provide the verifications
required.

For evaluating Class A biosolids production, the assumption that all biosolids stabilization would occur at
the Ina Road WRF was made. As producing Class A biosolids will require significant capital investment
and generally is more costly to operate than the current Class B production, it is logical that such facilities
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would likely be most cost effective if centralized for the Ina Road WRF and Roger Road WRF sludge
streams. This does not apply to major Non-Metro facilities such as Green Valley WRF and the future
Southlands facility, both of which generate significant biosolids and do not have close proximity to the
Ina Road WRF plant.

5.6.1 Class A Drivers

Significant drivers exist that require giving consideration to producing Class A biosolids. Regulations are
subject to change. Public reaction to Class B biosolids land application and land application in general is
increasingly negative is some areas of the U.S. Political pressure could result in state or national
legislation that would require agencies to produce Class A biosolids. Finally, Pima County’s
commitment to achieving environmental management system (EMS) certification through the National
Biosolids Partnership could drive production of Class A biosolids.

Participation in the National Biosolids Partnership requires of the County: utilization of a comprehensive
EMS, demonstration of commitment to the community, and involving the community in defining
performance improvements to the County’s biosolids program. This community involvement could be a
local trigger to future Class A biosolids processing.

5.6.2  Screening of Class A Processes

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

5.6.2.1  Digestion

The major digestion processes given screening consideration were: thermophilic aerobic digestion,
temperature phased aerobic digestion, thermophilic anaerobic digestion, and temperature phased
anaerobic digestion.

As both the Ina Road WRF and the Roger Road WRF currently utilize anaerobic digestion, conversion to
aerobic digestion would require significant capital investment. Additionally, aerobic digestion does not
produce methane gas. Thus, methane could not be beneficially used to heat the digestion process or for
power production as currently utilized at the Ina Road WRF. Thus, thermophilic aerobic digestion and
temperature phased aerobic digestion were not given further consideration.

Thermophilic anaerobic digestion utilizes digesters operating at 55°C. Thermophilic digestion is similar
to the current practice of continuously feeding the anaerobic digesters except the digesters are operated at
a higher temperature. Thermophilic anaerobic digestion is considered to achieve higher volatile solids
destruction rates than mesophilic digestion thus reducing required volume. Also, some reports indicate
improved dewaterability of solids and greater reductions in pathogen levels from thermopbhilic digestion
over mesophilic digestion. Thermophilic digesters are more difficult and costly to operate than
mesophilic digesters. Currently, thermophilic anaerobic digestion is classified as a Class B PSRP process
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along with mesophilic digestion by the 503 regulations. In order to demonstrate compliance with Class A
requirements, it would be necessary to continuously monitor pathogens or obtain approval as an
equivalent PFRP process. Thus, continuous feed thermophilic digestion was prescreened from the
digestion processes.

Temperature phased anaerobic digestion (TPAD) utilizes a batch thermophilic stage followed by a
mesophilic stage. In this process solids are retained in a batch reactor for a sufficient period of time to
demonstrate compliance with the EPA time-temperature criteria (Alternative Method 1). The process is
therefore considered to produce a Class A equivalent sludge by USEPA. Higher volatile solids
destructions and methane gas production are realized. Also, the quality of the methane gas is often better,
odor generation associated with thermophilic digestion is reduced, and process stability is improved.
Dewaterability of solids is reported to be better than with mesophilic digestion alone. Thus, this process
was carried forward as the digestion process for screening.

The TPAD process is most consistent with the current facilities utilized at the Roger WRF and Ina Road
WRF as mesophilic digestion is being utilized. This alternative would thus require addition of a
thermophilic batch stage to the process. Typically, TPAD is designed with a 5 day batch detention time
for the thermophilic stage and a 10 day detention time in the mesophilic stage. Resulting solids could
continue to be thickened to 8 percent or dewatered to produce a cake.

5.6.2.2 Alkaline Stabilization

A number of alkaline stabilization processes are available. These include: N-Viro, Biofix, Leopold,
Envesssel, Chemfix, and Bioset. The N-Viro process has the most installations (more than 50) with the
Bioset process having the least (less than 5). Any of these processes could be utilized. They all utilize
hydration as a source of heat and lime as one of the additives. Specific processes vary somewhat in
additives use of other heat sources. For prescreening, the Bioset process, which is relatively new, was
utilized.

Bioset requires the addition of lime and acid. This process uses less alkaline additives then the other
processes, which may be an advantage because of the alkaline nature or Arizona soils. Heat is generated
in hydration as well as in the acid reaction. This process requires dewatering biosolids to a minimum of
15 percent solids prior to processing. Digestion is not required. The process arrangement is relatively
portable and compact. It produces a Class A, granular product. The product also has some value
associated with the alkaline content that is beneficial for acidic soils. This benefit is not realized in the
Southwest because most of the solids are alkaline in nature.

Major advantages of alkaline stabilization include a relatively small footprint, ability to be fully enclosed,
moderate system complexity, and the ability to process raw or digested biosolids. Major disadvantages
include increase in volume of solids due to lime addition, cost of chemicals, the potential for significant
odor and dust generation, and potential ammonia recycle from odor scrubbers.
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5.6.23  Composting

Composting biosolids can be performed as windrow, extended pile, or in-vessel. Both windrow and
extended pile operations require significant space and thus are difficult to provide with odor control.

Thus, composting was prescreened to the in-vessel process. In-vessel composting requires dewatering the
biosolids to greater than 15 percent and requires the addition of a bulking agent. It does not require
digestion to produce a quality product, although digesting the solids prior to composting significantly
reduces the potential to produce odors during the composting process. Significant material handling is
required in the process. Major advantages of this process include: high quality product, perception as a
“green” process, and the ability to handle raw or digested solids. Major disadvantages include odor
generation, complex material handling, and fire potential issues. The process also increases the volume of
material that needs to be handled because of the added bulking agents.

One composting possibility that may have promise particularly for the Non-Metro facilities is a
composting project being initiated at the Los Reales Landfill owned by the City of Tucson. Los Reales is
performing pilot testing at this time on composting. One of the needs that they have is a good source of
nitrogen for the composting process, which could be provided by biosolids. Composting at Los Reales is
unlikely to require the significant volumes of biosolids that are generated at Ina Road WRF, but this
outlet could be explored for biosolids from one of the Non-Metro facilities. An issue that would need to
be evaluated is whether the biosolids provided can be essentially free of metal content, as this is one of
the requirements for this composting operation.

5.6.24  Heat Drying

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

5.6.25  Accelerated Air Drying

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

5.6.2.6  Screening Results

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

Table 5-19
Screening Matrix Evaluation of Class A Processes

Phased
Anaerobic Alkaline Compostin Heat Advanced Air
Digestion Stabilization P 9 Drying Drying
(TPAD)
Operability + 0 - - 0
Proven Process + + + + -
Present Worth Cost, + 0 _ _ _
Capital + O&M
Marketability - - + + -
Resource Consumption + - - - +

Ease of Maintaining
Treatment Capacity 0 + 0 + 0
during Construction

Recycle Impacts 0 0 0 0 0
Recommended Ina/Roger Non-Metro Ina/Roger Non-Metro
Processes Road Sites Road Sites

Based on the discussion in the workshop, it was determined that for the Ina Road WRF and Roger Road
WREF biosolids, temperature phased anaerobic digestion and heat drying would be given further
consideration. Additionally, the Cambi process was added at the workshop for consideration. For the
Non-Metro facilities, advanced air drying or composting may be appropriate technologies.

It was also determined in the workshop that all Class A options would include anaerobic digestion. Thus,
if heat drying were utilized, it would be added following mesophilic digestion.
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5.6.2.7 Cambi Process

The Cambi process was developed in Norway in the early 1990s. The process utilizes a thickened sludge
(15 to 20 percent solids), a hydrolization process, digestion, and final dewatering. The final stabilized
product is typically dewatered to 35-40 percent solids. The hydrolization process uses steam and pressure
to solublize organic compounds in the sludge. The hydrolysis step includes three tanks: a preheat tank,
the steam and pressure reactor tank, and a flash tank. The pressure is released rapidly in a flash tank to
rupture biomass cells. Heat is returned from the flash tank to the preheat tank. The solids are then sent
on to mesophilic digestion. The manufacturer reports a 50 percent reduction in the required digestion
volume, increased gas production, reduced foaming, and high VSS destructions (up to 60 percent). The
process could be added on to the existing mesophilic digestion process much like TPAD can be.
Disadvantages of this process include: no existing U.S. installations, it is currently not listed as a Class A
process (although a USEPA representative has indicated that with the first stage heat treatment it is likely
to meet the requirements), safety issues of handling high temperature steam and high pressure vessels,
need for pre-thickening to 15 percent solids, complex system arrangement, and need to find stable market
for the product. There is also some concern that the mixing system in the anaerobic digesters may need to
be modified to mix a 15 percent solids material. However, there are some data that suggested that the
changes in viscosity that result from the thermal conditioning may counteract the affect of the higher
solids concentration. In addition, the process generates a high strength recycle stream which can be a
source of odors. The final product will also be too dry to be applied with liquid application equipment.
The process has many similarities with the Zimpro and Porteous processes that have largely been
abandoned in the US because of odor issues.

Even with the noted issues, the process appears to have some potential to fit in with the existing
mesophilic process at the Ina Road WRF and could in the future be considered as a Class A process.
Thus, it appears to be valuable to keep this option open for future Class A biosolids production. At this
time, with no existing U.S. experience and no approval by USEPA, implementation of this process for
Class A in the immediate future could constitute a high risk. 1f the Cambi process is given significant
consideration in the future, pilot testing is recommended as well as verification that sufficient markets
exist to dispose of the drier product (35-40 percent solids).

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

For both Class B and Class A plant arrangements, bases of design criteria for the alternatives needed to be
determined at a master planning level. Often maximum month solids values are used in conjunction with
the design criteria instead of annual average values, especially for Class B processing. This approach will
be used for this master planning effort for producing Class B biosolids. Annual average values will be
used for Class A processing alternatives. Based on previous analysis of wastewater characteristic
performed for this master plan, a maximum month loading factor of 1.15 was established.
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571 Class B Facility Arrangements

As the County currently produces a Class B product using mesophilic digestion, changing to an
alternative Class B process for either the Ina Road WRF or Roger Road WRF facilities would require
significant capital investment. Additionally, methane is produced in the anaerobic digestion process that
is currently used at Ina Road WRF for electricity generation. If another Class B process, such as aerobic
digestion was used, this energy source would be lost. Thus, the only process given consideration for the
production of Class B biosolids in this master plan is anaerobic digestion. Typically, the main process
design parameter used in determining mesophilic digestion volume is the SRT which equals the hydraulic
retention time (HRT). For combined primary and secondary solids fed to the digesters, a design HRT is
typically 15-20 days under average annual loading or a minimum of 15 days at maximum month loading.

5.7.1.1  Class B Existing Plan

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

Table 5-20
Summary of Class B Processing Existing Plan Bases of Design
Parameter ‘ Existing Plan ‘ Existing Plan WRF
Plant IR 50 mgd RR 32 mgd IR 50 mgd RR 32 mgd

Thickening Facilities

(24 hours / 7 days per week operation)
Primary Sludge 6 GTs* at Ina 4 GTs None
WAS 3 GBTs 2 GBTs 3 GBTs 4 GBTs
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Parameter Existing Plan Existing Plan WRF

Total Max. Month Thickened Sludge, 180,100 102,000 180,100 104,100
Ib/day
Total Max. Month Thickened Sludge 0.48 0.27 0.48 0.42
Flow, mgd
Total Solids to Digestion at Plant, 282,100 none 284.200 none
Ib/day
Total Solids Flow to Digestion at Plant, 0.75 none 0.90 none
mgd
Minimum HRT, days 15 15 15 15
Required Volume, MG 11.3 none 135 none
Existing Digester Volume, each, MG 1.33 1.1 1.33 1.1
Existing Total Digester Volume, MG 5.3 4.4 5.3 4.4
Existing Number of Digesters 4 4 4 4
Total Number of Digesters Required 8.5(9) none 10.1 (10) none
Additional Digesters Required 5 None 6 None
Dewatering Facilities

Centrifuges (8/5 operation) 6 None 6 None

Centrifuges (24/7 operation) 4 None 4 None
Sludge Storage, minimum days 10 10
Minimum Storage Capacity at 8%
solids, MG 2.5 None 25 None

GT = gravity thickener

57.1.2 Class B Transfer All

If all wastewater is transferred from the Roger Road WRF to the Ina Road WRF so that the Roger Road
WREF site is completely decommissioned, solids processing would all occur at the Ina Road WRF site.
Table 5-21 summarizes the maximum month sludge loading rates and resultant required volumes for

mesophilic digestion for the transfer all alternative at Ina Road WRF.

Parameter

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

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

Transfer All Ina Road WRF

Primary Sludge 6 GTs
WAS 4 GBTs
Total Max. Month Thickened Sludge, Ib/day 280,300
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Parameter | Transfer All Ina Road WRF

Total Max. Month Thickened Sludge Flow, mgd 0.75
Minimum HRT, days 15
Required Volume, MG 11.3
Existing Digester Volume, each, MG 1.33
Existing Total Digester Volume, MG 5.3
Existing Number of Digesters 4
Total Number of Digesters Required 8.5(9)
Additional Digesters Required 5
Dewatering Facilities

Centrifuges (8/5 operation) 6

Centrifuges (24/7 operation) 4
Sludge Storage, minimum days 10
Minimum Storage Capacity at 8% solids, MG 25

5.7.1.3 Class B Transfer Some

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

are shown in the table.

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

With Digestion at Roger

All Processing at

Parameter Ina Road WRFE Road WRF and Ina Road
WRF

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

Primary Sludge 6 GTs @ Ina 5GTs 2 GTs

WAS 4 GBTs 2 GBTs 4 GBTs 2 GBTs
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With Digestion at Roger
Road WRF and Ina Road
WREF

All Processing at

el Ina Road WRF

;It')c/)(tjzlyMax. Month Thickened Sludge, 215.100 66,800 215.100 66,800
lg\?\/l, I\:gé Month Thickened Sludge 0.57 0.18 0.57 0.18
Total Solids to Digestion at Plant, Ib/day 281,900 none 215,100 66,800
;(ggl Solids Flow to Digestion at Plant, 0.75 none 0.57 0.18
Minimum HRT, days 15 15 15 15
Required Volume, MG 11.3 none 8.6 2.7
Existing Digester Volume, each, MG 1.33 1.1 1.33 1.1
Existing Total Digester Volume, MG 5.3 4.4 5.3 4.4
Existing Number of Digesters 4 4 4 4
Total Number of Digesters Required 8.5 (9) none 6.4 (7) 2.4 (3)
Additional Digesters Required 5 None 3 None
Dewatering Facilities

Centrifuges (8/5 operation) 6 None 6 None

Centrifuges (24/7 operation) 4 None 4 None
5:)\gatered Sludge Storage, minimum 10 10
Migimum Storage Capacity at 8% solids, 25 None 25 None

5.7.2  Class A Facility Arrangements

To achieve a Class A product, two options were given development based on the Biosolids Workshop
(No. 7) screening and further analysis, TPAD and mesophilic digestion followed by heat drying. As
previously noted, the Cambi process may be an option for further consideration if Class A is implemented
at a later date, but at this time, insufficient experience and the lack of Class A status make this alternative
too high of a risk for development.

If the Cambi process were to be utilized in the future for the production of Class A biosolids, it would be
added ahead of the mesophilic digesters. It would require addition of predewatering, typically performed
via centrifuge or belt filter press technology, and patented Cambi hydrolysis chambers. These facilities
would be provided instead of the thermopbhilic digestion shown in the alternatives. The mixing system in
digesters would need to be evaluated to be sure it could handle the higher solids concentration.

For all Class A biosolids processing alternatives, the original assumption for this master planning effort —
that all biosolids stabilization occurs at the Ina Road WRF - was employed. This approach will result in
minimizing capital expenditure as well as providing consolidated facilities to efficiently operate and
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maintain. Additionally, as the Roger Road WRF digesters are of questionable condition, this arrangement
eliminates the need to investigate and renovate these facilities.

5,721  Class A Existing Plan

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

Table 5-23
Summary of Class A Processing Existing Plan Bases of Design
Parameter | TPAD \ Heat Drying
Plant Existing Plan RR WRF Existing Plan RR WRF
Total Solids to Digestion at Ina 245.300 247 100 245.300 247 100
Road WRF, Ib/day ' ' ’ '
Total Solids Flow to Digestion at Ina
Road WRF, mgd 0.66 0.78 0.66 0.78
Minimum Mesophilic HRT, days 10 10 15 15
Required Mesophilic Volume, MG 6.6 7.8 9.9 11.7
Existing Digester Volume, each, MG 1.33 1.33 1.33 1.33
Existing Total Digester Volume, MG 5.3 5.3 5.3 5.3
Existing Number of Digesters 4 4 4 4
Total Number of Mesophilic
Digesters Required P 4.9 (5) 5.8 (6) 7.4 (8) 8.8 (9)
ggg:};roendal Mesophilic Digesters 1 2 4 5
Minimum Thermophilic HRT, days 5 5 - -
Required Thermophilic Volume, MG 3.3 3.9 - -
Number of Active Batch
Thermophilic Digesters Required 25(3) 29(3) - -
(same size as existing digesters)
Numbgr of.FiII/Draw Digesters 6 6 B _
(2*active digesters)
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Parameter | TPAD \ Heat Drying
Total Number of Thermophilic
Digesters 9 9 B -
Dewatering Facilities
Centrifuges (8/5 operation) 5 6 5 6
Centrifuges (24/7 operation) 3 4 3 4
3?x¥r?1t§rrr:agasyhsjdge Storage, 10 10 3 3
Minimum Storage Capacity at 8%
solids, MG ’ S 2:5 2:5 B B
— - 5
g/lollri\(ljrg,u':AnGStorage Capacity at 20% _ _ 0.25 0.25
Dewatered Cake to Drying,
Ibs/day - - 145,000 145,000
tons/week - - 510 510
Drying Train Capacity, ton/day - - 20 20
Heat Drying Operation - - 24 hrs/5 day 24 hrs/5 day
Drying Trains Required - - 5.1 (6) 5.1 (6)

5.7.2.2 Class A Transfer All and Transfer Some

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

and transfer some alternatives.

Table 5-24
Summary of Class A Processing Transfer All/Some Bases of Design
Parameter | TPAD \ Heat Drying
Total Solids to Digestion at Ina Road WRF, Ibs/day 245,100 245,100
Total Solids Flow to Digestion at Ina Road WRF, mgd 0.66 0.66
Minimum Mesophilic HRT, days 10 15
Required Mesophilic Volume, MG 6.6 9.9
Existing Digester Volume, each, MG 1.33 1.33
Existing Total Digester Volume, MG 5.3 5.3
Existing Number of Digesters 4 4
Total Number of Mesophilic Digesters Required
(Rounded Un) P 9 q 4.9 (5) 7.4 (8)
Additional Mesophilic Digesters Required 1 4
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Parameter | TPAD \ Heat Drying

Minimum Thermophilic HRT, days 5 -
Required Thermophilic Volume, MG 3.3 -
Number of Active Batch Thermophilic Digesters 25 (3
Required (same size as existing digesters) 5(3) B
Number of Fill/Draw Digesters (2*active digesters) 6 -
Total Number of Thermophilic Digesters 9 -
Dewatering Facilities

Centrifuges (8/5 operation) 5 5

Centrifuges (24/7 operation) 3 3
Dewatered Sludge Storage, minimum days 10 3
Minimum Storage Capacity at 8% solids, MG 25 -
Minimum Storage Capacity at 20% solids, MG - 0.25
Dewatered Cake to Drying,

Ibs/day - 145,000

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

5.8  PCRWRD Energy Evaluation - Findings

58.1 Summary

The master plan recommends moving all biosolids handling and biogas production to Ina Road WRF by
the year 2014. Further, it is recommended that mesophilic anaerobic digestion continue to be utilized
with Class B or Class A stabilization. Thus, biogas will be produced at the Ina Road WRF throughout the
planning period. This chapter of the master plan report presents preliminary findings and
recommendations on how to best utilize the nearly 500 million cubic feet per year of biogas that will be

produced in biosolids stabilization.

Options for evaluation of power supply facilities, listed in order of their current recommendation ranking,

are:

A. Continue the practice of biogas utilization for engine driven equipment and power generation onsite
(also referred to as Combined Heat & Power (CHP) in this chapter). Two alternatives are developed
for this option: CHP1 matches system capacity to burn only the biogas that will be produced and
CHP2 further increases system capacity to meet the total electric demand of the Ina Road facilities by
burning supplemental natural gas to generate the additional electricity. The system could be operated

by PCRWRD or an outside contractor.

B. Sell all biogas to a third party for commercial use (Third Party Use — TPU). Two alternatives are
presented for this option: TPU1 contracts with an energy developer to transport the biogas offsite for
energy recovery and under TPUZ2 the energy developer operates energy recovery systems onsite.
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C. Purchase power from a local utility and use biogas for heating and cooling functions (Heating and
Cooling Use — HCU). HCU1 decommissions the engines and replaces the lost thermal output
capacity with boilers.

5.8.2  Ranking
The ranking of the options in order of economic potential is:

1. Combined Heat and Power (CHP1 and CHP2)

B Internal combustion engine generators are the superior technology for both the CHP1 and CHP2
alternatives because they are a proven, familiar technology with maximum electrical output when
compared to other system technologies like microturbines, fuel cells and Stirling engines.

|

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

|

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

2. Third Party Use (TPU1 and TPU2)

B Pressure on utilities to generate greater portions of their power using renewable energy (e.g., the
Arizona Corporation Commission’s (ACC’s) Environmental Portfolio Standard) will continue
between now and 2014. This should increase the value of the renewable biogas. However, as of
yet, sufficient credits are not available to provide the energy developer significant economic
benefit.

B TPU2 presumes an agreement could be reached with an energy developer to run the existing
(on'site, upgraded) energy recovery facility. This alternative is cumbersome from a labor relations
perspective as it is essentially CHP1 with the substitution of contract labor.

B The off-site alternative (TPUL) requires energy recovery system modifications to replace the
engine heat used to drive cooling, space heating and digester heating systems and loses the
electrical reliability provided by the on-site engine-generators. PCRWRD would still have to
incur the operating costs for the on-site heating and central cooling systems. Also, the energy
developer will incur a considerable capital cost.

B The economic viability of TPU2 is highly dependent upon whether an energy developer can
significantly reduce maintenance and operating costs below those incurred by PCRWRD, without
sacrificing reliability. The economic viability of TPU1 depends more upon what future incentives,
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especially for investment, will be available to the energy developer. Additionally, the developer
will need to find an end use for the biogas elsewhere that is superior to the already good ‘match’ at
the Ina Road WRF.

3. Heating and Cooling Use - HCU1
B This option would use boilers, which have nearly twice the heat output of engines per unit of
biogas, to replace the thermal output of the engines.

B This alternative has a far greater thermal output than is needed at the plant and would result in the
loss of more than half of the beneficial biogas use.

B The plant will have a far greater need for electricity than for heating and cooling.

B A potential hybrid TPU-HCU option that would consume biogas for thermal loads on-site and sell
the remainder to an energy developer may have merit.

5.8.3  Economic Comparison Summary of Options

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

TPU1 TPU2
($ x 1,000) ‘ CHP1 ‘ CHP2 ‘ (off-site) ‘ (on-site) ‘ HCU1

. (5,500) to (25000) to (2,000) to (5,500) to (1,500) to
Project Cost (12,000) (30,000) (3,000) (12,000) (2,000)
Energy Savings/Yr 3,271 3,271 834* 3,271* 1,071
Energy Costs/Yr (1,971) (2,100) (5,147) (1,971) (4,170)
Operating Costs/Yr (1,475) (1,977) (400) (1,844)* (500)
- (21,200) to (71,030) to (3,516) to (57,840) to

Present Worth 684 to (8,200) (24,700) (71,750) (8,180) (58,200)

* TPU1 Contract savings assumed to be same as CHPL1, operating costs are those for CHP1 plus 25%.

*TPU2 Contract assumed to be 50% of the maximum utility replacement value of CHP electric and
thermal energy of the gas less operating costs.

** 20 year net present worth: 8% discount rate, 6% energy escalation rate, 3% general and maintenance
escalation rates, construction midpoint in 2013 and energy savings/costs commence in 2014.

5.8.4 Conclusions and Recommendations

CHP1 has the highest net present worth to PCRWRD. Its advantages include:

B The existing engine-generator capacity is a good match for the projected biogas production. The
engines’ thermal output is also a good match for the projected process and space thermal usages.
This coincidence is one that produces maximum energy recovery and energy savings.

B Maintaining the existing engine capacities has air permitting advantages.

B Much of the energy recovery infrastructure is in place and serviceable. Even if field condition
assessments recommend that the engine, generator and generator control equipment should be
replaced, the costs are less than replicating the serviceable equipment already in place.

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

The economics of the energy developer alternatives, TPU1 and TPUZ2, are based upon reasonable
assumptions but without any preliminary negotiation to assess a market value for the biogas.

5.85  Combined Heat & Power (CHP) Alternatives
5.85.1  Alternatives Listing

CHP alternatives selected for preliminary evaluation and the criteria used to compare them are shown in
Table 5-26.
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Table 5-26

Comparison of CHP Selection Criteria

Combined Heat & Power System

Comparison Criteria IC Engine Microturbine Fuel Cell Stérrl]lgg
Proven in Effective in : .
Technology Status Proven Landfill Gas large apps. Emerging Emerging
Mechanical Efficiency 35% 26% 20-30% >40% 25-30%
(% of input)
25% o
Heat Recovery 45 or higher with 40% 45% and ~30% 30%
Potential (% of input) higher
exhaust heat recovery
. high temp 160-200,
Heating Temperature | 200-220 deg, steam ) : )
(hot water) with exhaust heat rec. 180-200 hw, steam or emerging 180-220
both types higher
Emission Challenges NOx, CO, VOCs none potential NOx none minor
<5 pounds per square N . N . i . .
Gas Pressure inch (psig) 50 psig 200 psig 3-10 psig <1 psig
Sulfur Dioxide Limits | <000 p"z‘gsrﬁ)e’ milion |~ 75100 ppm | varies greatly| <100 ppm | 1000+
. - ~4000 parts per billion ) _ ) high
Siloxane Limits by volume (ppbv) 5-10 ppbv 80 ppbv 50-100 ppbv tolerance
Capital Cost, $/kW 1000- 1600 1800-3000 900-2100 >4000 >2000
Hours Between 30000- 10000-
Overhauls 20000- 40000 5000- 40000 40000 10000- 40000 20000
gglgtCondltlonmg moderate very high high very high moderate
Overall Maintenance 1.5, up to 4.0 with 15-35 hllr?erzvath 10-15 20-40
Cost, ¢/kWh emissions control ) ' gner. ) ' ' ’
emissions
. . 3 hours- .
Startup Time 10-15 seconds 60 seconds | 5-10 minutes 2 days ~5 minutes
Load Following excellent fair fair fair fair
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Combined Heat & Power System

Comparison Criteria IC Engine Microturbine Turbine Fuel Cell Stérrilgg
poor

Motor Starting excellent (synchronous 0od oor fair

Capability utility translation 9 P

system: good)

5.85.2  Alternatives Comparison Summary

Almost all the comparison criteria favor IC engine-generators at Ina Road WRF. Especially important
criteria are the high mechanical efficiency, best gas impurity tolerance, personnel familiarity and lower
capital cost.

Air emissions limits are a potential drawback to the use of IC engines. Engine replacement can include
low NOyx machines and limiting sizing of the energy recovery systems, specifically engines, to digester
gas production only the potential to stay within existing air permit criteria.

Good biogas conditioning is especially crucial to the effective operation of all these combined heat and
power systems and especially so for the microturbines and fuel cells. They have an order of magnitude
more stringent (and expensive) requirements. 1C engines are tolerant of occasional lapses in gas treated
gas quality. Of the systems listed, IC engines have the lowest biogas treatment energy costs.

Gas conditioning, especially for siloxanes, is still an emerging technology. The Ina Road WRF project
has the advantage of enough lead time to better prove and establish good H,S and siloxane treatment
processes and systems.

5.8.6  Existing Ina Road WRF Energy Recovery Systems Overview

The heart of the systems are seven 650 kW engine generators that can operate on propane, biogas or
natural gas. Heat is recovered from engine jacket water and exhaust. Jacket water leaving the engines is
piped to ebullient (exhaust heat recovery) boilers that generate low-pressure steam. A boiler having three
fuel input capability supplements engine steam generation.

Steam feeds four heat exchangers that generate domestic hot water, heating water and sludge heating
water. The fourth heat exchanger transfers excess heat not used for heating to plant effluent water.

Steam also fires an absorption chiller that serves a majority of the cooling loads at the plant through a
chilled water distribution system. Most of the plant heating loads are served by the energy recovery
system through a hot water distribution system. Table 5-27 lists the electric and thermal output and input
capacities of major energy recovery equipment.
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Table 5-27
Major Energy Recover Equipment Capacities

MBH (1000 BTUs/hour) Electric

e Input Output Output (kW)

Engine Generators 49000 17864 4550
Heat Rec Silencers 3200

Steam Boiler 5300

Domestic Hot Water Tank (HW) and Heat Exhaust (HEX) 2000

HW HEX 8400

Sludge HEXs 6500

Heat Rej HEX 18000

Adsorption Chiller 12000 600 (tons)

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

5.9  Biosolids Processing Recommendations

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

5.9.1  Available Markets and Disposal Options

The County is currently utilizing land application through a local contractor to dispose of biosolids at
approximately 8 percent solids to agricultural lands within an approximate 25 mile haul distance. This
option appears to be viable through the planning period for Class B biosolids based on discussions with
the existing contractor (see Chapter 2.5 for details). There is concern that most of the proximate
agricultural lands are controlled by a single contractor, although other contractors have bid for disposal in
the past. Alternative disposal options that could be promising even for Class B biosolids include:
landfilling as a backup disposal method and investigation of dedicated land application.

Another market that shows promise in the area is mine reclamation. A number of mines are located in
Arizona. The current University of Arizona project utilizing Green Valley WRF biosolids has been
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successful. This market should be given further investigation. A dry, Class A product would be required.
This disposal option may be most applicable to the Non-Metro facilities as regional biosolids disposal
from these facilities is considered.

In an effort to provide PCRWRD with the optimal biosolids processing strategy, an extensive market
study should be performed. The market assessment should address elements of a long-term biosolids
management plan and include, at a minimum, the following items.

Analysis of current biosolids program to establish baseline conditions
Projected quantity and quality of biosolids and the effects of liquid treatment process changes
Determine demand for a Class A and/or Class B product
Identify multiple biosolids disposal options/outlets
Determine appropriate liquid and/or dry forms
Determine regulatory and social issues
— Regulatory pressures
— Public concerns
- Increased urbanization
— National trends
Identify and screen process technologies
Screen process technologies using economic and non-economic criteria
Develop preliminary alternatives
Evaluate shortlisted alternatives
Examine possible design, build, operate options
Determine if Ina Road WRF biosolids processing facility, a separate regional processing facility,
or a combination of both are needed
Conclude location of a regional solids processing facility if one is deemed necessary
Recommend long-term plan
Cost summary
Implementation plan

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

5.9.2 Recommended Level of Biosolids Stabilization

The County currently produces Class B biosolids at the Ina Road WRF and Roger Road WRF. This
product is and is expected to remain consistent with land application into the future. The cost of
producing Class A biosolids is considerably higher in capital investment as well as operation and
maintenance costs regardless of the Class A process utilized. For example, TPAD will require significant
additional digesters, heating equipment, and heat exchangers to meet the Class A requirements.

The need for Class A biosolids in the current regulatory and public environment is not clear. Itis
appropriate to have a plan in place such that future Class A facilities could be added on to the treatment
trains. However, it does not appear to be in the County’s best interest to make the considerable capital
investment to produce Class A biosolids at this point in time when a direct need has not been identified.
Additionally, in some areas of the country, land application of any biosolids has been seen as
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unacceptable, regardless of whether it is a Class A product. If that future situation were to be
encountered, the type of Class A product desired could be very different than envisioned at this time,
which could require different processing.

Thus, it is recommended that the County continue to produce Class B biosolids using consolidated
mesophilic digestion facilities at Ina Road WRF. This stabilization process will provide digester gas for
use at the plant. Additionally, TPAD, heat drying, or possibly the Cambi process could be added in the
future to produce Class A biosolids if necessary. An arrangement has been determined for the required
Class A TPAD facilities on the Ina Road WRF site based on the conceptual sizing performed in this
chapter. Finally, the centrifuges should be designed to operate in either a thickening or dewatering mode
that will permit the use of landfilling as a backup or contingency plan for biosolids handling.

An alternative arrangement for consideration is to provide one thermophilic digester or arrange one of the
mesophilic digesters to operate in thermophilic mode. This digester could be used to produce equivalent
Class A biosolids. The County could then evaluate whether these solids could be disposed of at a lower
cost than Class B biosolids and plant personnel could become familiar with its operation.

5.9.3  Recommended Biosolids Processing Improvements

In order to provide reliable biosolids processing and disposal through the planning period, the following
biosolids processing improvements are recommended. The improvement recommendations are based on
the Existing Plan WRF subalternative (50-mgd Ina Road WRF and 32-mgd Roger Road WRF without
primary tanks).

Roger Road WRF
B Decommission existing gravity thickeners and dissolved air flotation thickeners
B Provide waste activated sludge gravity belt thickening facilities with 4 gravity belt thickeners to
produce a minimum of 3 percent solids
B Decommission existing digesters

B Improve transfer pump station facilities to transfer 3 percent waste activated sludge to Ina Road
WREF through the existing transfer force main

B Consider providing redundancy to the single sludge force main through construction of a parallel
force main

Ina Road WRF

B Expand existing gravity thickening facilities for primary sludge at the same size as existing for a
total of 4 gravity thickeners to produce 5 percent solids. (If no thickening is provided at Roger
Road WRF, 6 gravity thickeners would be required.)

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

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

B Replace and expand centrate and cake pumping systems at the centrifuge facility

B Make provisions for struvite control in design of facilities with glass lined piping and possible
chemical feed systems

B If 5 days per week operation is desired for dewatering, provide digested sludge storage upstream
of centrifuges

B Provide thickened/dewatered solids storage with storage capacity to hold 10 days of solids
production

Replace existing solids transfer station

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

594  Recommended Biogas Utilization

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

5.10 Recommended Biosolids Management Plan

The County is currently utilizing land application through a local contractor to dispose of biosolids. This
approach is viable through the planning period for Class B biosolids, however, there is concern that most
of the agricultural lands in close proximity of the plants are controlled by a single contractor, although
other contractors have bid for biosolids disposal services in the past. Alternative disposal options for
Class B biosolids include: landfilling, as a backup disposal method, and a dedicated land application.

Another market that shows promise is a dry Class A product for mine reclamation. A current University
of Arizona project utilizing Green Valley WRF biosolids for reclamation on Asarco Mission Mine has
been successful. This market should be given further investigation as there are a number of mines located
in Arizona, many in the southern region of the County. This disposal option may be most applicable to
the Non-Metro facilities.

An extensive market study is required to provide PCRWRD with the optimal biosolids processing
strategy. The market assessment needs to address elements of a long-term biosolids management plan,
most notably to determine the demand for a Class A, or Class B product or both; identify multiple
biosolids disposal options and outlets; and determine if processing on a Metro or Non-Metro scale is
required.
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Chapter 6 - Conveyance System Evaluation

6.1 Introduction

The conveyance system evaluation is a follow-up to the conveyance system analysis provided in the
2006 Facilities Plan. The purpose of this evaluation is to take a more comprehensive view of the
recommendations laid out in the previous report and confirm, or add to the body of information related
to, the capacity of the system to carry current and projected flows throughout the Roger Road WRF
(includes Randolph Park WRF) and Ina Road WRF service areas.

Unless expanded, the Roger Road treatment plant will have insufficient capacity to accommodate the
future flows generated by population growth. Therefore, a major component of this study is a more
detailed analysis of an interconnecting pipeline to transfer flows from Roger Road WRF to Ina Road
WRF. Four routing alternatives were given consideration and a recommended route identified.

To determine effective capacity to meet CMOM requirements, a need to quantify wet weather flows had
to be developed. Current sewer design calls for leaving 15 percent of each pipe’s capacity available for
wet weather flows. An analysis of 12 months of flow monitoring data plus some additional wet weather
flow data was performed to develop a wet weather factor based on observed wet weather flows. The wet
weather flow analysis described herein is not without its limitations. A forthcoming hydrologic modeling
project commissioned by Pima County Regional Wastewater Reclamation Department (PCRWRD)
should improve upon the wet weather flow estimates provided in this evaluation of the conveyance
system.

A hydraulic sewer model was developed in a modeling program called MOUSE for routing existing and
proposed flows through the conveyance system. This model is based on a complete inventory of sewers
15 inches and larger and was the primary tool in which pipe capacities were analyzed. From the analysis
of the conveyance system, other than the plant interconnect pipeline, relatively few trunk and interceptor
sewer replacement projects are required to accommodate dry and wet weather flows through the year
2030.

6.2  Existing Conveyance System

6.2.1  Previous Studies — 2006 Metropolitan Area Facility Plan Update

The 2006 Facility Plan outlined the conveyance needs for the Roger Road WRF and Ina Road WRF
service areas over a 25-year plan planning period. The goals of the facility plan were to evaluate how
growth, regulatory requirements, and system rehabilitation needs affect the system, and to develop a CIP
to effectively plan for these needs. Relying on population estimates developed by the Pima Association
of Governments (PAG), this report estimated that the 2030 flow that must be handled by the system will
equal 85-mgd ADWF based on a rate of 85 gpcd. The 85 gpcd was derived from a joint agreement
between Tucson Water and PCRWRD on per capita flows used for planning. These same population data
and per capita flow rates were used in this report.

6-1
J:\Projects\Pima Co WM\05302-ROMP\06 Gen Studies-Rpts\6.1 Report\Final Report\Complete Report_07Nov26_Rev2.doc



Pima County Regional Wastewater Reclamation Department
Tucson, Arizona

Pima County Regional Optimization Master Plan

Regional Optimization Master Plan
Final Report
Chapter 6 — Conveyance System Evaluation

In summary, the 2006 Facility Plan report listed the following recommendations with regard to the
conveyance system:

B Continue closed circuit television (CCTV) and condition assessment for over 3,100 miles of sewer
lines

B Implement approved comprehensive CMOM and asset management programs

B Rehabilitate 1,500+ manholes. (More recent manhole inspections will likely increase the number
of manholes requiring rehabilitation to approximately 3,000.)

B Rehabilitate portions of the system with condition assessment grades of 4 “poor”, or 5 “immediate
attention required”

B Construct a plant interconnect from the Roger Road WRF to the Ina Road WRF to transfer flow
between these facilities

B Perform engineering studies on interceptors identified as having potential capacity issues

The last two recommendations are evaluated further in this report.

6.2.2  Existing Capacity / Condition Issues

As part of the 2006 Facility Plan, 230 miles of the interceptor system were televised in 2005. All Class 4
pipe in the interceptor system was inspected in 2006. This analysis identified several reaches of
interceptor sewer in poor condition and recommends rehabilitation as soon as possible. Approximately
3,000 miles of sewer remain to be inspected and evaluated. The initial manhole condition assessment
evaluation has identified 1,500 and further inspection has identified up to 3,000 manholes in need of
repair.

The Facility Plan identified the Northwest Outfall (NWO) sewer to be flowing at or above 85 percent
capacity and in need of immediate attention. However, this assessment may have been based on local
pipes’ Manning’s capacities, which does not reflect the true capacity of this interceptor. An analysis of
12 months of flow monitoring data revealed that the water level in this pipe is not likely to exceed 65
percent of its diameter once every 10 years. However, as population growth within the service area
continues, the portion of this pipe’s capacity available for wet weather will be reduced. This will be
addressed in more detail in later in this chapter.

In an effort to develop a more comprehensive understanding of the system-wide conveyance system,
PCRWRD has commissioned the development of a functional and highly calibrated, hydrology based
hydraulic model. The advanced model will be integrated into the conveyance system Geographic
Information System (GIS) platform and will be an extension of previous modeling developments used by
PCRWRD. The advanced model will afford PCRWRD with many engineering and planning tools, the
three most important are: 1) ability to identify current capacity issues, 2) ability to effectively plan for
anticipated growth, and 3) enables planning for inflow/infiltration improvements. The project deliverable
will be a completely calibrated and validated model of one basin within the conveyance system, as well
as, less detailed but calibrated and validated models of the rest of the conveyance system using InfoWorks
CS model. Less detailed basins will be fully developed by PCRWRD staff after the delivery of
conveyance model and receipt of training.

6-2
J:\Projects\Pima Co WM\05302-ROMP\06 Gen Studies-Rpts\6.1 Report\Final Report\Complete Report_07Nov26_Rev2.doc



Pima County Regional Wastewater Reclamation Department
Tucson, Arizona

Pima County Regional Optimization Master Plan

Regional Optimization Master Plan
Final Report
Chapter 6 — Conveyance System Evaluation

6.2.3 Peak / Wet Weather Flows

6.2.3.1  Objectives

Obijectives of the wet weather analysis are:

B |dentify the parts of the existing conveyance system that are impacted by wet-weather flows

B Estimate the peak flow rates and/or water depths at various parts of the existing conveyance
system that corresponds to a hypothetical 10-year storm event (CMOM requirement).

B Develop a strategy for accounting for future wet weather flows as population and conveyance
system expand.

6.2.3.2  Approach

Ideally, the system response to actual wet weather events would be evaluated via an extensive review of
rainfall and flow monitoring data. Correlations between rainfall intensities / volumes and system flows
would be developed, and hydrologic models prepared and calibrated to these actual events. These models
are used to predict the system response to hypothetical design storms for existing and future system
configurations.

For this study, a simpler approach based exclusively on flow monitoring data was utilized. This was done
for several reasons. First, the isolated nature of rainfall events in the Southwest makes it challenging to
derive correlations between rainfall and flow for large sewersheds. Second, it was beyond the scope of
this study to perform a comprehensive wet weather analysis. Finally, the high volume (one year) of
continuous flow monitoring data that is available makes the probabilistic method described below a
suitable approach to make an assessment of current and previous conveyance system work.

6.2.3.2.1  Probabilistic Method

Historical (one-year) flow rates and water depth monitoring data, recorded every minute, at 27 locations
in the conveyance system were analyzed using the probabilistic method described below.

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

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

6.2.3.2.2 Flow Data Summary

The data set used in this analysis was provided by PCRWRD and covers the period from July 1, 2005 to
June 30, 2006. The data include depth readings at all 27 monitoring sites. Thirteen sites also recorded
flow rates. Flow rates are calculated values derived from measured estimates of flow velocity and water
depth, and therefore should not be considered true measurements, because of errors and inaccuracies
resulting from the limitations of flow monitoring equipment. Locations of these monitoring sites are
shown on Figure 6-1, which indicates a fairly good coverage of the existing conveyance system.

Data readings were logged at one-minute intervals resulting in more than 14 million of water depth data
points and more than 6 million flow rate data points. During the analysis, abnormal data points were
checked and questionable data points were excluded. Questionable data is documented.
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Figure 6-1
Flow Monitoring Locations
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Results

Results summarized at each site include:

1-year 10, 50, 90 and 100 Percentile Flow Rates— The 10-percentile value means that 10 percent
of the recorded flow rates are equal to or less than that value. The 100-percentile value is the
maximum flow rate ever observed during the one-year period.

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

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

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

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

Qso% = Median Peak Daily Flow
PFow = Dry Weather Peaking Factor
PFww = Wet Weather Peaking Factor
From flow monitoring data, typical PFpy = 1.4, so,

QSO%

ADF

Therefore, Qo = 0.71Qx,

PF,, =14=

So, | PRy = Quoye _ Qo-year _1 4Q10—yr

QADF 0'71Q50% . QSO%

12-month 10, 50, 90 and 100 Percentile Water Depths — Presented as water depth to pipe diameter
ratios at each site

Calculated 10-year Water Depth — Presented as water depth to pipe diameter ratio at each site
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Summaries of the results and observations for each site are discussed in the remainder of this chapter.
Flow and depth figures can be found in Appendix H.

The 10-year wet weather peaking factors indicated in Table 6-1 were plotted against the standard sewer
design peaking factor curve (Figure 6-2). For the upstream sites (those with flows less than 10 mgd),
there is a strong correlation that produces a curve similar in shape to the design standard, but with an
increased peaking factor. Sites further downstream, North Rillito Interceptor (NRI)-2, South Rillito
Interceptor-Central (SRC)-1, NRI-1, Santa Cruz-East Interceptor (SCE)-1, are on older parts of the
system and are unique cases necessitating different techniques for estimating future wet weather flows.
However, for those sites with Qapr less than 10 mgd, the revised curve would seem to be a viable method
for evaluating system capacity to convey peak wet weather flows.
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Table 6-1
Historical and Calculated Flow Rates and Water Depths

Flow Rate, mgd Design Wet Water Depth/Pipe Diameter Pipe

mgd Flow® (inch)
ACSC-1 | 2.69 | 3.56 | 4.60 8.77 10.19 19.2 6.63 4.00 | 0.22 | 0.26 | 0.29 0.42 0.51 42
AV-1 1.10 | 1.45 | 1.87 3.28 3.93 9.1 2.48 3.80 | 0.30 | 0.34 | 0.38 0.53 0.57 24
CDO-1 - - - - - 94.8 - - 0.29 | 0.32 | 0.36 0.39 0.43 48
CDO-2 - - - - - 31.1 - - 0.24 | 0.25 | 0.28 0.33 0.38 36
CDO-3 - - - - - - - - 0.27 | 0.31 | 0.33 0.48 0.49 24
Cw-1 - - - - - - - - 0.19 | 0.20 | 0.21 0.31 0.25 12
Dove Mtn - - - - - - - - 0.16 | 0.17 | 0.20 0.21 0.22 15
GV-1 126 | 1.69 | 2.34 2.82 3.21 - 1.52 2.66 | 0.34 | 0.39 | 0.46 0.51 0.50 21
NRI-1 16.96 | 19.40 | 25.54 | 30.82 30.56 38.3 11.16 221 | 054 | 0.56 | 0.66 0.74 0.76 42
NRI-2 12.82 | 15.32 | 20.04 | 32.40 33.29 - 17.97 3.04 | 0.45 | 0.50 | 0.56 0.68 0.73 39
NRI-3 8.19 | 949 | 10.10 | 11.93 11.78 20.1 2.29 1.74 | 0.33 | 0.36 | 0.37 0.41 0.46 33
NWO-1 - - - - - 28.7 - - 0.48 | 0.52 | 0.55 0.60 0.63 48
PONT-1 - - - - - 16.18 - - 0.27 | 0.31 | 0.33 0.44 0.35 12
PTI-1 9.37 | 10.57 | 11.66 | 14.44 12.87 29.8 2.30 171 | 0.36 | 0.38 | 0.40 0.44 0.46 36

(1) Based on data recorded from July 1, 2005 to June 30, 2006

(2) From previous study: 2006 Metropolitan Area Facility Plan Update. Included here for reference only

(3) Wet weather flow, estimated as the difference between the calculated 10-year flow and historical 50-percentile flow

(4) PF: Peaking factor, estimated as 1.4 x (calculated 10-year flow/ historical 50-percentile flow)

ACSC = Aviation Corridor to Santa Cruz Interceptor; AV = Aviation Corridor; CDO = Canada Del Oro; CW = Campbell Wash; Dove
Mtn = Dove Mountain; GV = Green Valley WRF; NRI = North Rillito Interceptor; NOW = Northwest Outfall; PONT = Pontatoc Wash;
PTI = Pantano Interceptor
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Desig e a Pipe
s Historical® Calculated apa eather| P Historical® Calculated [BIEWEE
10% 50% 90%  100% 10-year J0 . 10% 50% 90%  100% 10-year

PTI-2 - - - - - 13.5 - - | 035 | 038 | 041 | 045 0.48 30
SCE-1 | 25.23 | 28.33 | 34.05 | 44.32 49.52 148.1 2119 | 245 | 0.28 | 0.30 | 0.31 | 0.37 0.36 78
SCE-2 - - - - - 7.8 - - | 030 | 038 | 042 | 062 0.58 30
SCI-1 419 | 451 | 497 | 8.34 7.29 12.1 278 | 226 | 0.38 | 040 | 042 | 0.62 0.57 30
SEI-1 - - - - - 92.8 - - 0.36 | 0.37 | 0.38 | 0.6 0.47 60
SEI-2 - - - - - - - - | 030 | 031|033 0098 0.52 36
SEI-3 - - - - - 21.4 - - 033 | 0.36 | 0.39 | 057 0.53 30
SRC-1 | 14.93 | 16.17 | 18.03 | 26.26 28.53 11.8 1236 | 2.47 | 035 | 0.37 | 0.38 | 0.45 0.48 54
SRW-1 | 222 | 242 | 269 | 3.90 4.23 7.8 1.81 | 2.45 | 030 | 0.32 | 0.33 | 051 0.51 30
SRWN-1 - - - - - 127.9 - - | 020 | 024 | 025 028 0.28 66
SRWS-1 - - - - - 9.7 - - | 048 | 050 | 053 | 0.71 0.77 27
SWi-1 5.48 | 6.39 | 7.10 | 9.46 8.52 43.9 213 | 187 | 028 | 0.31 | 0.33 | 0.89 0.35 33
TUCDIV | 1.37 | 313 | 7.61 | 11.98 14.92 30.2 11.79 | 6.67 | 0.20 | 0.30 | 0.40 | 0.96 0.70 33

(1) Based on data recorded from July 1, 2005 to June 30, 2006

(2) From previous study: 2006 Metropolitan Area Facility Plan Update. Included here for reference only
(3) Wet weather flow, estimated as the difference between the calculated 10-year flow and historical 50-percentile flow
(4) PF: Peaking factor, estimated as 1.4 x (calculated 10-year flow/ historical 50-percentile flow)
SCE = Santa Cruz-East Interceptor; SEI = Southeast Interceptor; SRC = South Rillito Interceptor-Central;
SRW = South Rillito Interceptor-West; SRWN = South Rillito Interceptor-West, North Line; SRWS = South Rillito Interceptor-West, South Line;

SWI = Southwest Interceptor; TUCDIV = Tucson Boulevard Diversion
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Figure 6-2
Revised Peaking Factor Curve

5 50%

+ Monitoring Site
+ ACSC-1 — Design Standard 40%

4 o
— % Cap for WW Flow =
(D]
o =
g ¢ NRI-2 30% 5
L =
? ¢ SRC-1 NRIL & SCE-1 B
—_ L 4 LL
= +20% >
o =
o &
o
(1]
1 +10% ©
X

0 ‘ ‘ 0%

0 5 10 15 20 25

Average Flow (mgd)

6.2.3.4  Details of Flow Data Analysis

Flow data for each of the existing 27 monitoring sites was evaluated and interpreted for use in the
conveyance system capacity analysis. The specific details by interceptor are included in Appendix H. It
also details any suspect data that was excluded from the analysis.

6.2.3.5  July 2006 Flow Analysis

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

Figure 6-3
July 29, 2006 Rainfall Totals
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Figure 6-4
July 29" Rainfall Statistical Analysis
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At each monitoring site that recorded both depth and flow a new data point for this particular event was
added to the flow frequency distributions. Figures indicating where these points fell relative to the flow
frequency distributions have been included in Appendix H. The majority of the data points fall relatively
close to the frequency curves which would seem to validate the approach. However, there are a few
exceptions where the data points fall off the curves. This is likely in large part due to the fact that the
spatial variability of the rainfall makes the development of correlations between individual events and
system flows challenging. This difficulty was a major factor in the decision to utilize the probabilistic
method to approximate wet weather flows. It eliminates the need to derive such correlations as it is based
exclusively on the frequency of flow without attempting to correlate such flows to rainfall.

6.2.3.6  Summary and Conclusions

While the Pima County conveyance system does experience an increase in flow in response to wet
weather events, flow data indicate it has adequate excess capacity to convey these flows in accordance
with CMOM criteria. On the other hand, as the service area population grows, excess system capacity
will be reduced and the ability for the system to reliably convey peak wet weather flows will subsequently
be reduced. There are some portions of the system that will most likely need to be augmented in the
future in order to maintain adequate excess capacity for wet weather flows. The method detailed in
Chapter 6.4.4 was used to account for wet weather flows when evaluating system hydraulics.
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There are some notable limitations to the probabilistic method. First, this technique presumes that one
year of flow data is sufficient to project the flows and depths that are likely to occur once every 10 years.
Second, this technique makes no attempt to associate measured flows with rainfall. Finally, this
technique estimates flows, not volumes. Therefore, while it may be a reasonable means of estimating wet
weather flows, it has no means of estimating what sort of detention volumes might be employed as an
alternative to increased conveyance capacity.

While this study has clearly shown that there are some significant wet weather impacts, a more
comprehensive wet weather study is warranted and has been commissioned by PCRWRD. It is
recommended that this study evaluate the correlation between measured rainfall and flows. These
measurements should then be used to assist in the calibration of a hydrologic model capable of simulating
the response of the collection system to actual and hypothetical rainfall events. This model could be used
to validate the recommendations of this report, and could also be used to evaluate alternatives to increased
conveyance, such as detention and flow equalization.

6.3  Future Conveyance System Capacity Requirements

6.3.1  Population/ Flow Estimates

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

6.3.2  Previous Studies — 2006 Metropolitan Area Facility Plan Update

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

6.4  Conveyance System Evaluation Criteria
6.4.1  Design Standards

Majority of the standards that were used to evaluate the system and develop the CIP have been
established via State legislation. These are discussed in Chapter 6.4.2.
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6.4.2  Regulatory Issues

Any Master Planning project must be done with existing and anticipated relevant rules and regulations in
mind. A review of the Arizona Administrative Register* revealed several anticipated rules that impact
this project. While this document is not yet policy, it is anticipated that it will be adopted as policy by
2008. Those proposed rules that affect master planning pertain primarily to the State’s recommendation
that a regulated CMOM standard be applied. Those proposed rule changes found to be most relevant to
this master planning effort are:

B R18-9-C305 2.05 General Permit: Capacity, Management, Operation, and Maintenance of a
Sewage Collection System — Specifically, this general permit will allow an operator to operate and
maintain a collection system under the terms of a CMOM Plan. This permit applies to existing
facilities. The CMOM plan must include:

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

- Capital improvement plan.

- How to maintain adequate capacity to base flows and peak wet weather flows of a
10-year-24-hour storm event for all parts of the conveyance system.

- Identification of conveyance system components that do not meet preceding criteria, and
develop a CIP such that these components will be compliant within 10 years.

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

B R18-9-E301 4.01 General Permit: Sewage Collection Systems — This permit pertains to newly
constructed sewage collection systems.
-~ Sewage collection system must be designed and operated such that it:
¢ Provides adequate wastewater flow capacity for the planned service area;
> Maintains proper flow velocities so as to minimize sedimentation;
Prevents SSOs via proper sizing and I/ reduction measures;
Minimizes exfiltration losses;
Provides for adequate inspection, maintenance, and testing;
Maintains structural integrity; and
< Minimizes septic conditions in the collection system.
- Design Requirements
< Apply appropriate dry weather peaking factor and add wet weather 1/1 rate;
< Maximum d/D of 0.75 during dry weather;
< All collection system appurtenances should be designed such that any part of the
system, when flowing full, can accommaodate a peak wet weather flow calculated by

K3

e

0,
o

K3
o

0,
o

0,
o

o

! Secretary of State, Arizona Administrative Register Notices of Proposed Rulemaking, Volume 11, Issue 2,
January 7, 2005.
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multiplying the sum of the upstream dry weather flows by a dry weather peaking
factor based on upstream population and adding a wet weather I/1 rate based on either
a percentage of peak dry weather flow or a gallons per acre rate of flow;

> Minimum radius of curvature = 200 feet;

Minimum depth of cover = 3 feet®;

Minimum velocity = 2 feet per second?

Maximum velocity = 10 feet per second®

> Maximum manhole spacing according to Table 6-2:

<

0,
o

0,
o

°,
o

<

Table 6-2
Manhole Spacing

Sewer Pipe Diameter Max. Manhole Spacing
(inches) (feet)
Less than 8 400
8 to less than 18 500
18 to less than 36 600
36 to less than 60 800
60 or greater 1300

6.4.3  Diurnal Flows / Peaking Factors / Flow Equalization

Dry weather peaking factors (PFs) established in the Arizona State Register are shown in Table 6-3:

Table 6-3
Dry Weather Peaking Factors

Dry Weather

Upstream Population ’ Peaking Factor

1,001 — 10,000 PF = (6.330* p°*') +1.094
10,001 — 100,000 PF = (6.177* p %) +1.128
More than 100,000 PF = (4.500* p~*') +0.945

! Unless ductile iron or pipe or other design of equivalent or greater tensile and compressive strength is used.
2 When flowing full, assuming Manning’s formula and roughness coefficient of 0.013 are used.
® Unless ductile iron, or material of equivalent erosion resistance is used.
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These three equations were consolidated to a single equation by assuming a per capita flow rate of
85 gpcd, plotting the results, and using regression analyses. The resultant curve fit and equation are
indicated on Figure 6-5.

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

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