




 
 

 
3 1 3 3   E .  C a m e l b a c k  R d  •   S u i t e  2 1 0  •  P H O E N I X ,  A R I Z O N A   8 5 0 1 6  •   ( 6 0 2 )  3 8 1 - 4 4 0 0  •  F A X  ( 6 0 2 )  3 8 1 - 4 4 4 0  
Cygnet://164890/Executive Summary                                                                              

 

 
 
 
 

City of Prescott 
Sundog WWTP and Airport WRF 

Capacity and Technology Master Plan 
 
 
 

 
Executive Summary 

 

Final  
 
 
 
 
 
 
 
 
 
 

 
 
 

Project No. 164890  

 

    In Association with  



 
Prescott Sundog WWTP and Airport WRF 
Capacity and Technology Master Plan 

Executive Summary 

 

 
 ES-1                                                      03/16/2011     In Association with   

Black & Veatch in association with Carollo Engineers was retained by the City of Prescott to 
master plan recommended improvements to wastewater treatment facilities at the Sundog 
Wastewater Treatment Plant (WWTP) and the Airport Water Reclamation Facility (WRF).  
The master plan includes a series of task oriented Technical Memoranda which address 
existing conditions, analyze improvement alternatives and present the recommended 
improvements.  This Executive Summary is presented in two parts: 

 Executive Summary of Findings and Recommendations 

 Executive Summary of Technical Memoranda 

EXECUTIVE SUMMARY OF FINDINGS AND RECOMMENDATIONS 

Water Treatment Goals 

Based on wastewater flow projections presented in the Wastewater Collection System 
Model Study, Carollo 2008, future build-out capacities for the Sundog WWTP and Airport 
WRF are 5.4 million gallons per day (mgd) and 9.6 mgd, respectively. 

Wastewater treatment and water reuse effluent quality/treatment requirements are dictated 
by Arizona Department of Environmental Quality (ADEQ) regulations pertaining to 
wastewater treatment.  The recent ADEQ rules require wastewater treatment plants in 
Arizona must meet the conditions of Best Available Demonstrated Control Technology 
(BADCT) (state statute).  The BADCT treatment performance requirements for plants 
greater than 0.25 mgd capacity are essentially the same as ADEQ’s treatment 
requirements for Class A+ water reuse applications (landscape irrigation of areas open to 
public access).  All of the effluent from the Sundog WWTP and Airport WRF is reused or 
recharged.  Therefore, Class A+ treatment requirements (presented below) are used to 
establish design effluent quality requirements for both plants. 
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Table ES.1 ADEQ BADCT Effluent Requirements 
Technical Memorandum No. 1 - Regulatory, Compatibility, and 
Reliability Requirements 
City of Prescott, Arizona 

Parameters 

Effluent Limits (1) 

Average Daily Flow >250,000 gpd 

pH 6.0 - 9.0 

BOD (30 day average) < 30 mg/L 

BOD (7 day average) < 45 mg/L 

TSS (30 day average) < 30 mg/L 

TSS (7 day average) < 45 mg/L 

Removal Efficiency for BOD, cBOD, TSS 85% 

Total Nitrogen (as N) (2)(3) < 10 mg/L 

Fecal Coliform (3)   

 Single sample maximum 23 cfu/100 mL 

 Four of seven daily samples in one 
week 

Non detect 

R18-11-406(B-G) constituents Numeric water quality standards must be 
met 

A.R.S. 49-243(I) regulated chemicals Removal to greatest extent possible 
without regard to cost 

Trihalomethanes Minimize THM compounds generated as 
disinfection byproducts 

Notes: 
(1) Reference: A.A.C. R-18-9-B204. 
(2) Five-month rolling geometric mean. 
(3) BADCT standards allow for soil aquifer treatment if it can be proven that the required level 

of treatment is reached prior to effluent interfacing with the groundwater.  
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Existing Facilities 
Prescott currently has three operating wastewater treatment plants; the Hassayampa Water 
Reclamation Plant (WRP), the Sundog WWTP and the Airport WRF.  The Hassayampa 
WRP is privately operated year round and its effluent is used to irrigate a private golf 
course.  The City’s largest wastewater treatment plant, the Sundog WWTP, is located 
approximately 2 miles northeast of downtown Prescott along US Highway 89, and receives 
the majority of the City’s wastewater flow.  It was last upgraded and expanded in 1989.  The 
Airport WRF is located roughly 8 miles northeast of the City’s centroid just to the east of the 
local airport, Earnest A. Love Field.      

Aerial views of the Sundog WWTP and Airport WRF follow: 
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Condition assessments and analysis of existing capacity were performed for the Sundog 
WWTP and Airport WRF.  Wastewater strength has increased in Prescott over time due to 
life style changes, which has been typical for communities throughout the Southwest US.  
For comparison, the graphics below present current wastewater strength in terms of 
biochemical oxygen demand (BOD) and total suspended solids (TSS) versus the strength 
observed when the facilities were last expanded. 
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Wastewater strength has more than doubled compared to previous design values.  The 
increase has dramatically impacted the treatment capacity of the existing facilities as shown 
below: 

Current Treatment Capacities 
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Available capacity at each facility 
was plotted on projected 
wastewater flow increase curves 
for each respective tributary area 
to determine the need for future 
capacity expansions based on 
current condition.  As shown here, 
the existing Sundog WWTP is 
projected to provide adequate 
capacity until 2019 (based on a 2% 
wastewater flow increase rate).  However, 
additional capacity is required at the Airport 
WRF now. 

Recommended Improvements 

Several treatment technologies were 
considered for improving and 
expanding the Sundog WWTP and 
Airport WRF.  The Modified Ludzack-
Ettinger (MLE) and membrane 
bioreactor processes were selected 
for detailed economic and non-
economic comparison.  The MLE 
process is currently used at both of 
the existing facilities and is 
recommended for future 
improvements at each facility. 

Although the Sundog WWTP is not in need of an immediate expansion, the condition 
assessment identified several equipment rehabilitation and process enhancement needs.   
Near term improvements at the Sundog WWTP are, as follows: 

 Replace the existing filters which have failed underdrains 

 Temporary additional sludge dewatering equipment 

 Enhancements to the nitrification/denitrification process 

 Headworks Odor Control 

Near Term Improvements 

A new facility with an initial capacity of 3.75 mgd is recommended for the Airport WRF at an 
estimated capital improvement program cost of $41.6 million. 
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The estimated capital improvement program cost for the near term Sundog WWTP is $9.7 
million. 
  
Future Expansions 

Two concepts were considered for future wastewater treatment: 

 Maintain both of the existing treatment facilities 

 Centralized treatment at the Airport WRF 

The two concepts were developed and evaluated with a comparison of life cycle costs and 
non-economic criteria.  The comparison indicated an advantage for centralized treatment at 
the Airport WRF, however the advantage was not great enough to make a strong 
recommendation.  Therefore, it is recommended the City maintain treatment at both 
facilities at least until capacity at the existing Sundog WWTP runs out.  Should the City 
decide to maintain the Sundog WWTP in the long term, a recommended phased expansion 
program is shown on the following page. 

A build-out capacity for the Airport WRF of 15 mgd, represents the ultimate capacity for 
centralized treatment at the Airport WRF.  A phased expansion program for a 15 mgd 
Airport WRF is shown on Page ES-9.  
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Biosolids Management 

Alternative solids treatment processes were considered for the Sundog WWTP and Airport 
WRF as well as alternatives for biosolids disposal.  The recommended build-out approach 
for both facilities is anaerobic digestion to produce Class B biosolids, mechanical 
dewatering and land application. 
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EXECUTIVE SUMMARY OF TECHNICAL MEMORANDA 

ES1 TM 1 – REGULATORY, COMPATIBILITY AND  
 RELIABILITY REQUIREMENTS  
 

ES1.1 Introduction 

Existing and future regulatory requirements affect the planning and design of future 
treatment facilities at the Sundog WWTP and Airport WRF. An analysis of regulatory and 
reliability requirements was performed for aspects that included effluent quality, odor 
control, and process redundancy, as well as potential future regulatory requirements on 
emerging issues related to liquids treatment.  

ES1.2 Existing Effluent Quality Requirements 

Current discharge permit limits are summarized in Table ES1.2.  

The City is currently reusing and/or recharging (depending on seasonal irrigation usage) all 
of its reclaimed water. If the City ever considers surface water discharge as an effluent 
disposal method, an AZPDES permit would be required, and the numerical standards 
associated with the surface water discharge regulations would need to be further evaluated. 
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Table ES1.2 Current Discharge Permit Limits  
Technical Memorandum No. 1 - Regulatory, Compatibility, and 
Reliability Requirements 
City of Prescott, Arizona 

Criteria Sundog WWTP (1) Airport WRF (2) 

Flow, mgd   

Average monthly 6.0 2.2 (3) 

Daily Not established Not established 

Effluent Quality Classification Class B+ Class B+ 

Total Nitrogen, mg/L   

Maximum limit (4) 10 10 

Alert level 8 8 

Turbidity, NTU N.A. N.A. 

Fecal Coliform, cfu/100 mL   

Four of last seven samples 200 200 

Single sample maximum 800 800 

Notes: 
(1) Amendment to Aquifer Protection Permit No. P-100353, LTF No. 22654, August 19, 2002. 
(2) Amendment to Aquifer Protection Permit No. P-101733, LTF 46504, August 18, 2009. 
(3) The infiltration basins at the Airport WRF are permitted for a maximum monthly average flow of 

4.4 mgd, combined from both facilities. 
(4) Based on a 5-month geometric mean of the results of the 5 most recent samples. 

ES1.3 Water Quality Standards and Regulatory Requirements 

Any significant major expansion at the Sundog WWTP and the Airport WRF will require 
compliance with ADEQ Best Available Demonstrated Technologies (BADCT) requirements. 
The technology assessment performed for this master plan considered technologies that 
are capable of achieving the minimum effluent water quality parameters specified per 
BADCT standards.  

Table ES1.3 summarizes the different requirements for Class A+, B+, and C quality 
reclaimed water. It is important to note that BADCT disinfection requirements are 
essentially equivalent to the Class A+ quality requirements for new or expanded facilities 
with design flows above 250,000 gpd, such as the Sundog WWTP and the Airport WRF. 
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Table ES1.3 ADEQ Reclaimed Water Quality Standards 
Technical Memorandum No. 1 - Regulatory, Compatibility, and 
Reliability Requirements 
City of Prescott, Arizona 

Parameter 

Effluent Limits 

Class A+ (1) Class B+ (2) Class C (3) 

Secondary treatment  X X Stabilization ponds 
with 20-day detention

Filtration  X NR NR 

Denitrification X X NR 

Disinfection  X X With or without 

Total Nitrogen (as N) (4) < 10 mg/L < 10 mg/L N/A 

Turbidity    

 Daily (24-hour) average 2 NTU N/A N/A 

 Single sample maximum 5 NTU N/A N/A 

Fecal Coliform    

 Single sample maximum 23 cfu/100 mL 800 cfu/100 mL 4,000 cfu/100 mL 

 Four out of last seven daily 
samples 

None detect 200 cfu/100 mL 1,000 cfu/100 mL 

Notes: 
X = Requirement 
NR = Not Requirement 
(1) Reference: A.A.C. R-18-11-303 
(2) Reference: A.A.C. R-18-11-305 
(3) Reference: A.A.C. R-18-11-307 
(4) Five sample geometric mean 

Total trihalomethanes (TTHMs) are disinfection byproducts associated with the use of 
chlorine. There is no current numerical standard for TTHMs in Arizona for reuse, even 
though BADCT and Class A+ Reuse Rules both require minimization of TTHMs. For 
recharge, the A.A.C. requires that any water discharged to a drinking water aquifer must 
meet the drinking water quality standards. Therefore, a TTHM level of 80 µg/L (Stage 2 
Disinfection / Disinfection By-Product Rules) applies to the recharge water. 

Endocrine disruptors, pharmaceuticals, and personal care products are contaminants that 
could be regulated in the future. It is too early in the regulatory process to determine which 
contaminants may be regulated and to what level. However, the City should be aware of 
these contaminants and understand the impacts of possible future regulations. 
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Salt build-up in some areas of Arizona (such as the Phoenix metropolitan area) is a growing 
concern. Salt levels become more concentrated as water is used and reclaimed. Because 
the potential for reuse opportunities of reclaimed water diminishes (especially for irrigation 
uses) as salt concentrations rise, it is important to recognize the importance of controlling 
salt build-up in the future. 

ES1.4 Odor and Noise Control 

BADCT requirements establish that minimum setbacks must be maintained for water 
reclamation facilities. A setback of 1,000 feet should be maintained if no odor, noise or 
aesthetic controls are provided. A setback of 350 feet should be maintained if full noise, 
odor, and aesthetic controls are provided. These setbacks can be decreased if allowed by 
local ordinances, or if waivers are obtained from affected property owners. 

Odor control measures will likely be required at both facilities per BADCT requirements. 
The majority of the odors originate from headworks, primary sedimentation, and solids 
handling processes, and special emphasis should be placed in providing odor control for 
those facilities in future plant expansions and improvements.  

ES1.5 Reliability Requirements 

Reliability and redundancy in the treatment process should be included in future designs, in 
order to provide the ability to comply with the required effluent quality goals even at times 
when process units are temporarily taken out of service for maintenance or repair.  
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ES2 TM 2 – CONTROL SYSTEM STANDARDS  
  
ES2.1 Introduction 

As part of the Sundog WWTP and Airport WRFs Capacity and Technology Master Plan, 
Black & Veatch was tasked with evaluating the City of Prescott Water SCADA system as 
designed for the Big Chino Pipeline Project and provide similar recommendations for 
implementation on the waste water system.  However, the Big Chino Pipeline Project has 
not been constructed and the City of Prescott acknowledged that additional research into a 
standard control system was warranted.   

Therefore, the original task was amended and B&V was asked to document a standard 
approach for design of control systems within the water treatment, wastewater treatment, 
distribution and collection systems such that equipment installed could be easily 
implemented into a future common SCADA system.  A technical memorandum (TM-2 
Control System Standards) would be prepared to document the resulting control system 
standards.   

 
ES2.2 Recommended Control System Standards 

Black & Veatch conducted a workshop at the City of Prescott to gather information 
regarding the specific requirements for future control systems and to determine the 
preferred control philosophies to be incorporated into the technical memorandum.  
Following is a summary of the control system discussions at the workshop and resulting 
standards included in TM-2. 

 TM-2 should be a living document and should be updated as newer products 
become available and as additional City of Prescott standards are developed. 

 A SCADA system software package has not been selected at this time. 

 The City of Prescott staff had completed evaluations of various PLC manufacturers.  
Rockwell Automation Allen-Bradley (AB) is the preferred PLC manufacturer.  TM-2 
identifies the AB Logix control platform and RSLogix 5000 as the required 
programming software.  

 Operator Interface Terminals (OIT), when necessary, should be AB Panelview Plus 
or Direct Automation and shall have Ethernet/IP communication. 

 Control systems should be designed capable of Ethernet/IP communications to 
future SCADA system.  Rockwell Automation Stratix Switch should be included in all 
PLC cabinets.  An example network diagram is included in TM-2. 

 Standard equipment control modes were established for Local, Auto, Remote, and 
SCADA as well as standard lights, alarms and status signals.  
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 Typical control philosophies and standard P&IDs for constant speed pumps, 
variable speed pumps, digital valve actuators and analog valve actuators are 
defined.  These include typical monitoring, control and interlocks. 

 Typical interface requirements for flowmeters, pressure transmitters and analog 
instruments in addition to typical P&IDs are included.  
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ES3S TM 3S – SUNDOG WWTP EXISTING CONDITIONS 
  
ES3S.1 Introduction 

The purpose of TM 3S is to gather, organize and document existing conditions for the 
Sundog WWTP, including available data, physical conditions of existing facilities, existing 
treatment capacity, and operational issues. 

The Sundog WWTP is the City’s largest wastewater treatment plant and currently receives 
the majority of the City’s wastewater flow.  The existing Sundog WWTP was last expanded 
in 1990, and designed for a treatment capacity of 6.0 mgd AADF. The liquid treatment 
process was upgraded to include primary clarification denitrification and filtration. The 
purpose of the process upgrade was to provide an effluent of suitable quality for irrigation of 
open-access turf sites and aquifer recharge by means of percolation recharge basins 
constructed near the Airport WRF under the same contract.   
 
ES3S.2 Existing Information 

Table ES3S.1 presents the hydraulic design criteria used for the most recent 1990 Sundog 
WWTP expansion. 

Table ES3S.1    Existing Hydraulic Design Flows 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

 1990 Design  

Annual average daily flow, mgd 6.0  

Maximum month average daily (design) flow, mgd 6.5  

Maximum day flow, mgd 12.0  

Hydraulic capacity, peak (hour), mgd 15.0  
 

Table ES3S.2 presents the wastewater characteristics used for the most recent 1990 
Sundog WWTP expansion. 
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Table ES3S.2 Design Wastewater Characteristics and Concentrations 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

Characteristics 

Average Maximum Month 

   mg/L  mg/L  

BOD5 152  166   

TSS 165  171   

TKN 24  30   

Temperature, °C     

 Summer 25     

 Winter 10     
 
The existing Sundog WWTP includes the following facilities: 

 Headworks 

– Bar screens 

– Grit removal (vortex type)  

 Primary Clarifiers 

– Conversion of existing final clarifiers 

 Oxidation Ditches 

– Anoxic zones 

– Supplemental diffused aeration 

– Blower buildings 

 New Circular Final Clarifiers 

 Return Activated Sludge (RAS) Gravity fed to Screw Pumps 

 Waste Activated Sludge (WAS) / Scum Pump Station 

 Traveling Bridge Filter 

 Chlorine Contact Basins 

 WAS Thickening Anaerobic Digestion  

 Belt Filter Press 

The Sundog WWTP currently operates under Aquifer Protection Permit (APP) No. P-
100353 which permits the plant for Class B+ effluent.  Moving forward master planning will 
be based on technologies capable of producing Class A+ reclaimed water suitable for 
unrestricted reuse. 
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ES3S.3 Physical Conditions 

The original coordinate system for the Sundog WWTP used the Arizona State Plane 
coordinate system.   

The project benchmark was based on a brass cap set on USGS benchmark M-27 located 
on Oxidation Ditch 1 walkway.  The project benchmark elevation was determined to be 
5197.48 based on the City of Prescott Datum. 

A geotechnical site investigation was performed in 1988 by Gellhaus Engineering and 
Testing Laboratories. Groundwater was not encountered in any of the test holes to the 
depths drilled.   

The existing soil conditions are a mixture of sandy clay (SC) and gravelly clay (GC).  Soft fill 
soils were encountered throughout the site.  Overexcavation of the soft soils was required 
for the structure foundations.   

A site walk was conducted on June 8, 2009 with the operation staff to assess the current 
condition of the existing Sundog WWTP equipment and structures.  Inspections were 
limited to structure and equipment above or out of water.  Major findings include: 

 The headworks structure is in good condition.  The influent screen and grit basin 
equipment exhibit some minor corrosion and wear on moving parts.   

 The primary clarifier weirs show signs of corrosion and should be replaced.  The 
primary sludge pumps are nearing the end of their life cycle and exhibit heavy 
corrosion. 

 The area along the northeast corner of the oxidation ditches show signs of 
settlement as shown in Figure 3.1.  The mounts for the brush rotors and gear box 
show significant concrete failure.   

 The secondary clarifier basins appear to be in good structural condition.  One of the 
clarifier drive mechanisms experienced issues with the gear box requiring 
replacement.  The second clarifier drive mechanism is beginning to exhibit similar 
symptoms and may need replacement in the near future.   

 The existing underdrains for the traveling bridge filters have failed and are in need of 
replacement.  A full assessment of the current condition of the traveling bridge filters 
is located in TM7 Tertiary Filtration Evaluation.    

 The existing chlorine contact concrete basin is in good condition.  The UV 
disinfection equipment is in good condition with little sign of wear.  No significant 
issues were located during the tour.  
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 Two gravity belt thickeners were originally installed in the Solids Processing 
Building.  One of the units has been stripped of parts to maintain the other unit in 
operation.   

 A single belt filter press is located in a prefabricated metal building adjacent to the 
Solids Processing Building.  The building lacked appropriate ventilation and 
corrosion protection resulting in severe damage to the building structure.  The belt 
filter press itself shows signs of corrosion and heavy equipment wear.  The existing 
belt is misaligned creating operational issue.  The belt and rollers have heavy 
struvite accumulations.  Additionally, the unit shows significant signs of rotting and is 
at the end of its useful life.  The unit will not continue to operate in the long term. 

ES3S.4 Capacity Analysis 

The Sundog WWTP was modeled to evaluate performance of the existing facilities under 
current loadings to determine current treatment capacity. 

Current average annual flow and peak flow factors are presented in Table ES3S.3 based 
on historical plant data between January 2006 and April 2009. 
 
Table ES3S.3   Current Hydraulic Evaluation Criteria 

Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

Current Average Annual Flow (mgd) 2.58 

Historical Hydraulic Peaking Factors  

Maximum Month : Average Day 2 

Peak Day : Average Day 3.3 

Peak Hour : Average Day 4.5 

Influent wastewater characteristics were also determined from an analysis of plant historical 
records between 2006 and 2009.  Influent wastewater characteristics used to establish 
existing Sundog WWTP treatment capacity are presented in Table ES3S.4. 
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Table ES3S.4   Current Wastewater Influent Loadings 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona  

Parameters Average 
(mg/L) 

92%ile Max 
Month 
(mg/L) 

92% Max Month: 
Average Annual 

Peak Factor 

Summer 
Max Month Load 

(ppd) 

Winter  
Max Month Load  

(ppd) 
BOD5 390 608 1.56 2.58x608x8.34= 

13,082 
2.58x2x390x8.34= 

16,783 
TSS 418 676 1.62 2.58x676x8.34= 

14,545 
2.58x2x418x8.34= 

17,988 
TKN 39.5 57 1.39 2.58x57x8.34=  

1,226 
2.58x2x39.5x8.34= 

1,700 
NH3-N 31.5 48.8 1.52 2.58x48.8x8.34=  

1,050 
2.58x2x31.5x8.34= 

1,356 
Note:  The winter peak load used for evaluation purposes is 30/38% higher than the maximum month 
load measured in 2006/2009.  The reason for this anomaly is to account for the extremely high winter 
loads measured in 2006/2007.    

A comparison of current existing wastewater flow and loading with the 1990 basis of design 
values is presented in Table ES3S.5.  As shown the average influent flows are 43% of the 
1990 design values.  However, the average BOD and TSS mass loadings are 
approximately the same indicating a dramatic increase in wastewater strength.   

A process model (BioWinTM) was used to evaluate the treatment capacity of the Sundog 
WWTP. 

The BioWinTM model was configured to simulate the existing unit processes at the Sundog 
WWTP as summarized in Table ES3S.6. The BioWinTM model schematic is shown in Figure 
ES3S.1.   

Table ES3S.5     Influent Wastewater Concentrations Compared with 1990  
 Design Values 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

 Existing Conditions Current Conditions (1990) 
 Average Max Month Average Max Month 
BOD5 (mg/L) 373 608 152 166 

TSS (mg/L) 402 676 165 171 

TKN (mg/L) 39.5 57 N/A N/A 

NH3-N (mg/L) 31.5 48.8 24 30 
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Table ES3S.6  Wastewater Treatment Process Units for Modeling 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions
City of Prescott, Arizona 

 Existing Process Equipment 
 Number Parameters 
Primary Clarifiers 2 Area = 4,350 ft2 each 

SWD = 10ft 

Oxidation Ditches 2 Volume = 175,000 ft3 
SWD = 11ft 

Final Clarifiers 2 Diameter = 80ft 
SWD = 15ft 

RAS Pumps 3 (2+1) 2,100 gpm each 

WAS pumps 2 75 gpm 

Tertiary Filters 2 65x15 ft each 
Dual media – anthracite/sand 

Chlorine Contact Tank 2 44X30X8 

Sludge Thickening 2 Gravity Belt 
Thickeners 

100 gpm each 

Anaerobic Digesters 2 50 ft diameter, SWD – 25ft 
Volume – 49,000 ft3 each 

Belt Filter Press  1 2 m width 
 

  

AX2 OX3 Effluent

Dewatered Sludge

OX1 OX2 OX4AX1

Digester 1Digester 2

Inf

 
Figure ES3S.1  Sundog WWTP BioWinTM Model Configuration Schematic 

 
 
The Sundog WWTP BioWinTM model was calibrated to match predicted values with the 
actual reported average annual and maximum month values of effluent ammonia, nitrate 
and nitrite concentration, volatile fraction of the MLSS, solids production in the waste 
activated sludge (WAS) stream, and digested solids production. The calibrated model 
predictions are in relatively good agreement with the plant data for average annual and 
maximum month conditions.   
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Overall plant capacity was determined considering the individual firm capacity of each 
individual unit process.   The evaluation criteria of the individual unit processes are 
summarized in Table ES3S.7. 
 
Table ES3S.7    Wastewater Treatment Process Units Evaluation Criteria 

Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

 Process Equipment Evaluation Criteria 
 Criteria Commentary 
Headworks - Hydraulic peak 

flows 
Maximum rated capacity was compared 
to peak daily or peak hourly flows. 

Primary Clarifiers - Influent Flow Maximum rated capacity was 
compared to peak daily or peak hourly 
flows 

Tertiary Filters - Hydraulic peak 
flows 

- Secondary 
effluent turbidity 

Maximum rated capacity was 
compared to peak daily or peak hourly 
flows 

Chlorine Contact Tank - Hydraulic peak 
flows 

Maximum rated capacity was 
compared to peak daily or peak hourly 
flows 

Belt Filter Press  - Digester 
Efficiency 

Maximum rated capacity was 
compared to peak weekly solids 
production 

Oxidation Ditches 
Final Clarifiers 
RAS Pumps 
WAS pumps 
Sludge Thickening 
Anaerobic Digesters 

- Influent flow 
- Influent loads  
- Solids retention 
- Time (SRT)  
- Mixed Liquor 

Suspended 
Solids (MLSS) 

BioWinTM Model 

All unit processes were analyzed against the individual process evaluation criteria.  Figure 
ES3S.2 presents the results of the capacity analysis.  As shown, the secondary treatment 
process, filters and solids treatment/processing are limiting the existing plant capacity to 3.0 
mgd compared to the 1990 upgrade project design capacity of 6.0 mgd.  The difference is 
due to the drastic increase in wastewater strength over the last 20 years, most likely due to 
reduced water use and appliance efficiencies. 

As part of the capacity analysis, a field investigation was conducted to assess periodic 
operating challenges to achieve complete denitrification. 

The investigation consisted of DO and temperature profiling in addition to physical 
observations.  In general, the major findings of the field investigation included identification 
of a flow split imbalance between ditch 1 and 2, the need for improved DO control and the 
need for testing the process response to polyaluminum chloride addition.   

 



 

                                                                                  ES-24                                                      03/16/2011     In Association with   

 
Figure ES3S.2  Sundog WWTP 1990 Design versus 2009 Estimated 

Unit Process Capacity 
 

ES3S.5 Plant Issues, Needs and Operational Preferences 

Based on the condition assessment, capacity evaluation and discussions with plant staff; 
several recommendations for each unit process were identified, as presented in Table 
ES3S.8. 
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Table ES3S.8   Unit Process Recommendations 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

Unit Process Recommendations 

Headworks  New Headworks facility to be coordinated with new 
Sundog Trunk Main. 

 Parshall flume sized for peak wet weather events 
equipped with ultrasonic level detector programmed 
for entire range of influent flows. 

 Redundant influent screens. 

 Screening washer/compactor to decrease operations 
and reduce odor and vector issues. 

 Multiple smaller vortex grit basins to handle the wide 
range of influent flows. 

 Integrated septage receiving station. 

Primary Clarifiers 

 

 Install sludge blanket level detectors for process 
control and procure hand held devices. 

 Filter the scum and meter to the anaerobic digesters in 
lieu of disposal to the drying bed. 

Settled Sewage PS  Install a check valve to prevent overflows to filtrate 
manholes. 

Oxidation Ditches and 
Aeration Blowers 

 Automated DO control for the aeration system to 
provide better process control and reduce filamentous 
growth. 

 Mechanical mixing to improve mixing within the anoxic 
zones. 

 Chlorine spray system to control surface foam in the 
oxidation ditches. 

 Chlorination of the RAS line. 

 Install launder or V-notch weirs in flow splitter. 

 Install VFDs on all brush rotors. 

 Install DO probes, 4 per ditch. 

 Install PLC for DO control. 

 Install submersible mixers. 

Secondary Clarifiers  Install sludge blanket level detector for process 
control. 

 Provide launder covers to reduce algae growth. 
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Table ES3S.8   Unit Process Recommendations 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

Unit Process Recommendations 

Tertiary Filters  The existing traveling bridge filters have experienced 
failure of the underdrains and require rebuilding or 
replacement. 

Disinfection  Automated flow pacing and transmissivity control. 

 Install wiper system to maintain efficiency and improve 
lamp life. 

 Adjust effluent gate control to reduce cycling 

 Cover basins to reduce algae growth and prevent dust 
intrusion. 

Solids Processing  Rebuild the second GBT to provide redundancy. 

 Additional digester volume to meet the required 15 
day HRT for Class B. 

 Digested sludge storage for 5 days per week sludge 
dewatering operations. 

 New dewatering equipment and facility. 

In addition to the above unit process recommendations and the need for additional 
treatment capacity, the following additional plant components are recommended: 

 New septage receiving facility. 

 A grease receiving station. 

 Stormwater flow equalization. 

 Supervisory Control and Data Acquisition (SCADA) system for monitoring and 
control of plant process. 



Prescott Sundog WWTP and Airport WRF 
Capacity and Technology Master Plan 

Executive Summary 

 

                                                                                  ES-27                                                      03/16/2011     In Association with   

ES3A TM 3A – AIRPORT WRF EXISTING CONDITIONS 
  
ES3A.1 Introduction 

The purpose of this technical memorandum is to gather, organize, and document existing 
conditions for the Airport WRF, including available data, physical condition of existing 
facilities, existing treatment capacity, and operational issues. This memorandum serves as 
the foundation for defining and developing the design for the required near-term 
improvements at the Airport WRF. It also serves as the existing condition reference point 
for long-term treatment technologies and capacity assessments. 

The original Airport WRF was constructed in 1978, and designed for a treatment capacity of 
0.75 million gallons per day (mgd) Annual Average Daily Flow (AADF). The Airport WRF 
expansion project in 1998 was constructed for a treatment capacity of 2.25 mgd AADF, and 
included upgrades for denitrification and tertiary filtration. The purpose of the 1998 process 
upgrade was to continue to provide an effluent of suitable quality for golf course irrigation 
and aquifer recharge by means of existing recharge basins. The current Aquifer Protection 
Permit (APP) for the Airport WRF is based on an AADF of 2.2 mgd. 

ES3A.2 Existing Information 

Table ES3A.4 shows that the 1998 expansion design considered that the hydraulic capacity 
of the water reclamation facility would be increased in the future to accommodate the 
previously projected buildout flows. 

Table ES3A.4 Previous Design Flows 
Technical Memorandum No. 3A - Airport WRF Existing Conditions 
City of Prescott, Arizona 

 1998 Design 
Buildout per 
1998 Design 

Annual average daily flow, mgd 
(average flow at start-up) 

2.25 
(0.65-0.75) 

2.4 

Maximum month average daily (design) flow, mgd 2.7 2.9 
Maximum day flow, mgd 4.2 4.8 
Hydraulic capacity, peak (hour), mgd 6.3 7.2 
Minimum flow, mgd 0.8 0.8 
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Table ES3A.5 shows the wastewater characteristics used in the 1998 expansion design. 
The concentrations shown in Table ES3A.5 were based on plant records for 1992 and 1993 
and additional influent sampling conducted in September 1995.  

 
Table ES3A.5 Previous Design Wastewater Characteristics and Concentrations 

Technical Memorandum No. 3A - Airport WRF Existing Conditions 
City of Prescott, Arizona 

Characteristics 

Average Maximum Month Load 
Peaking 
Factor mg/L ppd mg/L ppd 

BOD5 117 2,340 155 3,750 1.6 

TSS 159 3,190 211 5,103 1.6 

TKN 35 697 36 871 1.25 

Temperature, °C      

 Summer 25     

 Winter 12     

The previous (1998) improvements to the Airport WRF consisted of the following facilities: 

 Headworks: mechanical bar screen with manual screen bypass, parshall flume, and 
grit removal settling basin with grit screw. 

 Oxidation ditches: anoxic basins, new oxidation ditch, and modifications to existing 
ditch 

 Secondary clarifier and sludge pump station 

 Traveling bridge filter 

 UV Disinfection 

Additional improvements in 2008 included modifications and upgrades to the following 
facilities: 

 Sludge holding tank 

 Solids handling (centrifuge) building 

ES3A.3 Physical Conditions 

A visual inspection of the major equipment and structures at the Airport WRF was 
conducted as part of this project. The intent of the inspection was to document the general 
condition of all major equipment and structures at the plant, to provide input for future 
improvements planning. The visual condition assessment of the major equipment and 
structures at the plant is summarized in Table ES3A.6. In general, most of the facilities at 
the Airport WRF can be considered in relatively good condition, with a few unit processes 
needing attention to resolve minor issues. 
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Table ES3A.6 Condition Assessment of Existing Facilities 
Technical Memorandum No. 3A - Airport WRF Existing Conditions 
City of Prescott, Arizona 

Unit Process Structure Condition 
Equipment 
Condition 

Headworks   

Mechanical bar screen Good Good 

Manual bar screen Good Good 

Grit removal Good Good 

Activated Sludge System   

Anoxic basins Good Good 

Oxidation Ditch No. 1 (1998) Good Good 

Oxidation Ditch No. 2 (1976) Fair (1) Fair (1) 

Secondary clarifier Good Good 

Tertiary filter Good Good (2) 

UV Disinfection Good Good 

Effluent and NPW Pumping   

Pump station / Wet well Good Good 

Recovery Well Pump Station Good Good 

Solids Handling   

Solids Holding Tank Fair (3) Good 

Dewatering system Good Good 

Notes: 
(1) Minor cracks and concrete spalling were observed. The shotcrete thickness is 2.5 inches per the 

record drawings. Brush rotors showed some evidence of corrosion, and a few missing blades. 
Plant staff has recently performed maintenance on the equipment and equipment is in operation. 

(2) Media replacement was performed in 2007. Plant staff reported that the filter underdrain system 
was in good condition at the time that the media was replaced. 

(3) Minor cracks and concrete spalling were observed. 

ES3A.4 Capacity Analysis 

The capacity of existing facilities at the Airport WRF was estimated based on a detailed 
evaluation of the performance of each unit process using existing flow and loading 
conditions. Recent (2006 – 2009) plant operating data was used to establish existing 
hydraulic and loading criteria. The capacity of the Airport WRF was estimated using typical 
performance criteria and detailed process modeling. 

Daily average, high, and low influent flows were obtained from plant operational data 
records between January 2006 and April 2009. The average daily flow into the plant has 
been consistently increasing over time. Throughout a calendar year, the plant typically 
receives higher flows during winter months, probably due to infiltration during wet weather 
months. The recommended design hydraulic peaking factors based on the plant data 
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analyzed are presented in Table ES3A.7. The recommended peaking factors are similar to 
values observed in other typical domestic wastewater treatment facilities in Arizona. 

 
Table ES3A.7 Design Hydraulic Peaking Factors 

Technical Memorandum No. 3A - Airport WRF Existing Conditions 
City of Prescott, Arizona 

Hydraulic Peaking Factor (1) Value 

Maximum Month Average Day 1.4 

Peak Day 2.0 

Peak Hour 3.0 

Note: 

(1) Based on historical data analysis between January 2006 and April 2009. All peaking factors are 
relative to the annual average day flow. 

The wastewater characteristics for the plant capacity analysis were determined based on 
an analysis of the plant’s historical wastewater quality records. Influent characteristics were 
obtained from plant operations historical records between 2006 and 2009. 

Table ES3A.8 presents the wastewater characteristics at average and maximum month 
conditions, used for the capacity evaluation presented herein. Average and maximum 
month concentrations were based on a statistical analysis over the entire analysis period 
(2006 to 2009).  

 
Table ES3A.8 Design Wastewater Concentrations 

Technical Memorandum No. 3A - Airport WRF Existing Conditions 
City of Prescott 

Parameter Unit 
Annual 

Average Day (1) 
Maximum Month 
Average Day (2) 

Design Concentrations 

BOD mg/L 322 383 

TSS mg/L 504 633 

TKN mg/L 34.6 41.2 

Ammonia N mg/L 29.5 35.1 

Alkalinity (3) mg/L 250 250 

Temperature (4) C  18.4 12.4 

pH -- 7.3 7.3 
Notes: 
(1) Average wastewater concentrations were calculated over the analysis period (2006 to 2009). 
(2) Based on the observation that the maximum month load (ppd) coincides with the maximum 

month flow (mgd). 
(3) Assumed. No data available. 
(4) Based on mixed liquor temperature measurements. 
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The existing wastewater concentrations are significantly higher than the criteria used for the 
design of the secondary treatment facilities in the 1998 expansion. The existing BOD and 
TSS wastewater concentrations are higher than the original design criteria values by factors 
ranging between 2.6 and 3.2. The existing average TKN concentrations are similar to the 
values used for the original design.  

Additional sampling upstream of the WRF was performed by the City, in order to identify 
any possible sources of unusually high loadings (see TM 3A – Appendix C for sampling 
locations and results). Wastewater samples were collected at several points in the 
collection system in the vicinity of the Airport WRF. BOD and TSS values at the plant 
headworks agreed with recent elevated values. 

The capacity of each process unit was evaluated by comparing its maximum capacity to the 
appropriate governing criterion. The estimated capacity was expressed in terms of average 
day flow using the appropriate peaking factors depending on the governing criterion 
particular for each unit process.  

Figure ES3A.1 summarizes the capacity analysis estimate for the existing facilities at the 
Airport WRF. The current tertiary treatment facilities (filter and UV disinfection) limit the 
plant capacity at an average day flow capacity of 1.2 mgd. The current secondary treatment 
system has a capacity of 1.5 mgd mainly due to limitations in secondary clarification 
capacity.  

ES3A.5 Operational Considerations 

The screening equipment is currently operating without any major concerns. The grit 
removal equipment is in good working condition, other than a few minor mechanical repairs 
that have been required. 

The plant had been operating with only the newer oxidation ditch basin (Oxidation Ditch 
No. 1) in service. The original oxidation ditch basin (Oxidation Ditch No. 2) was being used 
as an emergency equalization basin. Due to increased loadings in the plant influent, plant 
staff started operating Oxidation Ditch No. 2 at the end of 2008, in order to increase the 
aerobic solids retention time and improve the system operation, especially under winter 
conditions. 

There is currently only one secondary sedimentation basin in operation. While the 
equipment is operating properly, there is no redundancy in the secondary clarification 
process. More clarification capacity is required not only to increase plant capacity, but also 
to provide redundancy. However, addition of secondary clarifier capacity needs to be 
evaluated within the context of the overall site master plan. 

There is currently no redundancy in the filtration facilities. Specific recommendations 
regarding tertiary filtration are addressed in Technical Memorandum No. 7. 
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The plant does not currently have any type of SCADA monitoring or control system 
available. At the minimum, monitoring of key processes and alarms notifications are 
desirable in the short-term. Monitoring and alarms would improve the reliability of the 
system, providing operators the ability to identify major upsets during unattended operation 
periods. In the long-term, instrumentation and control elements could be incorporated in a 
plant control system for automation of the major processes, such as secondary process 
equipment. Automation of major processes will optimize energy consumption, and provide a 
more reliable operation of the treatment process. 



 
 

                                                                                                                                          

SUMMARY OF CAPACITY ANALYSIS ESTIMATE 
 

FIGURE ES3A.1 
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ES4 TM 4 – INFLUENT AND EFFLUENT MANAGEMENT 
  
ES4.1 Introduction 

The main objectives of this technical memorandum (TM) are to (1) address the relative 
effectiveness of infiltration/inflow (I/I) reduction in the collection system versus the extent of 
treatment plant expansions to accommodate increased flows due to I/I, and (2) address 
issues related to existing and future effluent management. 

ES4.2 Influent Management  

Site master planning at the City’s wastewater treatment facilities requires the establishment 
of design flow peaking factors for the purpose of unit process sizing. The peak hour flows 
recently observed at the Sundog Wastewater Treatment Plant (WWTP) and the Airport 
Water Reclamation Facility (WRF) exceed typical peaking factor values of 2 to 3 observed 
in other communities of similar size. 

The City of Prescott Wastewater Collection System Model Study (Carollo, January 2008) 
identified significant amounts of I/I entering the wastewater collection system as a result of 
storm events. Based on 2004-2005 information, approximately 25-28 percent of the annual 
flow received at the Sundog WWTP appears to be I/I, and the I/I contribution to the Airport 
WRF annual flow is approximately 9-13 percent. 

A detailed analysis of influent flow records at the Sundog WWTP and the Airport WRF was 
performed in order to quantify the immediate flow equalization needs at both facilities. Both 
facilities experienced significant peak flows during storm events in January 2010. The 
analysis of Sundog WWTP influent flows is presented in Figure ES4.1. The analysis of the 
Airport WRF influent flows is presented in Figure ES4.2. 

The proposed strategy for handling storm flows at the Sundog WWTP is to plan influent 
flow equalization facilities for the short and medium term using new tankage for a 
recommended volume of 9 million gallons (MG). While there is uncertainty regarding the full 
duration of the storm flows during the storm event analyzed, the recommended volume 
includes a reasonable safety factor of 1.2 (industry standard) over the equalization volume 
of 7.6 MG estimated based on the 2010 storm event. 

The proposed strategy for handling storm flows at the Airport WRF is to plan influent flow 
equalization facilities for the short and medium term using the existing oxidation ditch 
basins. The existing oxidation ditches will not be utilized for secondary treatment in the 
Airport WRF Phase 1 capacity improvements, and they will become available for flow 
equalization when the new Phase 1 aeration basins are completed. The total available 
volume of the two existing oxidation ditch basins (1.57 MG) provides a safety factor of 2.2 
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over the equalization volume of 0.7 MG estimated based on the 2010 storm event. While 
there is uncertainty regarding the full duration of the storm flows during the storm event 
analyzed, the existing total oxidation ditch volume provides a reasonable safety factor over 
the calculated required volume.  

ES4.3 Effluent Management 

In support of the safe yield goal and based on the City’s “Water Management Policy” 
(adopted October 2005), the City utilizes 100 percent of the effluent from its two treatment 
facilities, including a portion for reuse (golf course irrigation, commercial, and other) and the 
remaining amount for groundwater recharge.  During 2010 about 67% of the recharge water 
was from Sundog WWTP and 33% was from Airport WRF.  About 72% of the treated 
effluent was recharged and 28% was used for otherwise. 

The City’s existing recharge facility at the Airport WRF site is permitted for 4.4 mgd (annual 
average) and the City has contract commitments for approximately 2.0 mgd (annual 
average) of effluent to outside customers. With existing total effluent flows (Sundog WWTP 
and Airport WRF) at approximately 3.7 mgd, the City has available capacity to continue 
reclaiming 100 percent of their effluent in the short term. However, it is important for the 
City to develop a reclaimed water master plan to accommodate future increased effluent 
flows.  

The recommended reclaimed water master plan should comprehensively address both 
physical and administrative aspects of effluent management. Two major factors that 
contribute to the need for the reclaimed water master plan are: 1) The proposed Phase 1 
expansion of the Airport WRF to 3.75 mgd will require documentation of compatible effluent 
management facilities; and 2) The reclaimed water master plan will have to address issues 
such as annual water balance, given the potential seasonal variations of effluent reuse 
through outside contracts. Although the City may have contract commitments to provide 
effluent for irrigation, it may be the City’s responsibility to provide “backup” effluent disposal 
for seasonal and/or wet weather conditions. 
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ES5S TM 5S – SUNDOG WWTP ALTERNATIVE TREATMENT 
 TECHNOLOGIES 
  
ES5S.1 Introduction 

The purpose of TM5S is to identify potential treatment technologies for upgrading and 
expanding the Sundog WWTP, compare those technologies in order to screen the options, 
and perform detailed analyses of the short listed options to identify the preferred treatment 
alternative. 

ES5S.2 Planning Conditions 

Wastewater flow projections for the Sundog WWTP were developed in an effort to estimate 
the timing of the expansions required at the facility. Flow projections were formed around 
both aggressive and conservative growth scenarios to develop a range of possible flow 
increase curves that bracket the required timing for plant capacity expansions.  Existing 
plant capacity was established in TM 3S. 
 
Figure ES5S.1 and Figure ES5S.2 presents the flow increase curves for the City of Prescott 
Sundog W WTP and the Airport WRF.  The aggressive flow increase scenario (Scenario A) 
is based on actual fast growth period in the City of Prescott, and was developed using 
historical influent flow trends at the Sundog WWTP and Airport WRF between 2006 and 
2009.  The conservative flow increase scenario (Scenario B = 2% annual increase) 
represents a moderate growth scenario, and is based on growth estimates in the several 
planning documents for the City of Prescott. 
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Figure ES5S.1 
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ES5S.3 Phasing 

The build-out annual average day flow (AADF) for the Sundog WRF tributary area is 5.3 
mgd based on the City of Prescott Wastewater Master Plan. For the purposes of this 
technology assessment and site master planning project, the build-out capacity was 
established at 5.4 mgd.  

The capacity for each treatment train of the master planned capacity has been established 
at three treatment trains of 1.8 mgd. This capacity was established based on discussions 
with the City in several workshops, and addresses the City’s need for additional treatment 
capacity beyond the existing plant capacity of 3.0 mgd.  The first phase capacity of 3.6 mgd 
is more cost-effective than a four treatment train alternative and also provides a reasonable 
timeframe before the next capacity expansion is required. 

Figure ES5S.3 shows the expected timing associated with the existing capacity, and with a 
first phase of improvements to achieve a treatment capacity of 3.6 mgd. It is estimated that 
the plant will reach its existing capacity between the years 2014 and 2020. It is also 
estimated that with a Phase 1 capacity of 3.6 mgd, the Sundog WWTP would require the 
next expansion phase to be in service as early as the year 2019 and as late as the year 
2034. 
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Figure ES5S.3 

 
ES5S.4 Alternatives Analysis/Selection 

For the initial evaluation of process alternatives, a full range of twelve treatment options 
were considered for completeness.  While existing process technologies at the plant was 
not a requirement of the master plan, there are significant advantages to the City with 
maintaining a familiar process.  The full range of treatment alternatives were reviewed and 
discussed in project workshops with the City. There was a project team consensus that two 
alternatives should be brought forward for detailed evaluation at both plants: 
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 Alternative 1 – conventional activated sludge with Modified Ludzack-Ettinger 
Process (MLE) for biological nitrification and denitrification 

 Alternative 2 – Membrane Bioreactor (MBR) with MLE for biological nitrification and 
denitrification 

Detailed analyses of the required components and sizes for each technology were 
performed in order to develop costs for both capital improvements and O&M.  The resulting 
cost comparison is summarized in Table ES5S.1 below. 

Table ES5S.1   Alternatives Detailed Cost Comparison (Ultimate) 
  Technical Memorandum No. 5S - Sundog WWTP, City of Prescott, Arizona 
  Alternative Treatment Technologies 

 
Cost Type 

Alternative 1 
 MLE 

Alternative 2 
MBR 

Total Probable Construction Cost $   75,131,000 $   74,963,000 

Total Probable Present Worth O&M Cost    $   35,614,000 $   44,889,000 

Total Probable Present Worth Cost     $ 110,745,000 $ 119,852,000 

Additionally, a non-economic comparison of alternatives was performed to finalize the 
process selection.  Table ES5S.2 summarizes the results of the non-economic evaluation. 

Table ES5S.2  Non-Economic Factor Comparison 
Technical Memorandum No. 5S - Sundog WWTP, City of Prescott, Arizona
Alternative Treatment Technologies

 Weighting 
Factor 

Alternative 1 - 
Conventional MLE 

Alternative 2 - MBR 

Raw Score Weighed 
Score 

Raw Score Weighed 
Score 

Consistency with Existing 
Plant Process 

x 2 8 16 4 8 

Process Complexity x 3 8 24 4 12 

Reliance on Automation x 2 8 16 4 8 

Effluent Quality x 3 6 18 10 30 

Foot Print x 2 6 12 8 16 

Process Stability x 3 6 18 8 24 

I&C Intensity x 3 8 24 4 12 

Compatibility w/AOP’s x 2 5 10 8 16 

Sustainability Reuse x 3 6  18 8  24 

TOTAL                         156                        150 

Note: 
1.  Comparison of non-economic factors where 10 = best and 1 = worst
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The costs and non-economic factors associated with MLE versus MBR treatment 
alternatives were presented and reviewed with City staff during project workshops.  Based 
on the evaluation results and detailed discussions among project team members, MLE is 
the preferred treatment alternative for future expansions and improvements at the Sundog 
WWTP.  Primary reasons for this recommendation include the following: 

 MLE has a comparable capital cost and lower energy and O&M costs compared 
with MBR. 

 MLE is consistent with the current treatment technology and is less complex than 
MBR. 

 There is currently no water quality requirement for MBR treatment and MLE 
treatment does not preclude future advanced treatment facilities for emerging 
contaminants. 

 MLE retains the ability to meet MBR effluent quality with the addition of advanced 
filtration facilities. 
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ES5A TM 5A – AIRPORT WRF ALTERNATIVE TREATMENT 
TECHNOLOGIES 

  
ES5A.1 Introduction 

The purpose of this technical memorandum is to develop and evaluate treatment 
technology alternatives for the Airport WRF. The alternatives evaluation is based on a two-
step approach. First, an initial screening of alternatives is carried out in order to identify the 
alternatives that are carried forward for detailed evaluation. Second, a detailed evaluation is 
performed based on a comparison of life-cycle costs and other non-economic factors. Site 
layouts and the costs associated with each treatment alternative for the projected Phase 1 
and buildout conditions are presented for the Airport WRF.  

ES5A.2 Planning Conditions 

Wastewater flow projections for the Airport WRF were developed in an effort to estimate the 
timing of the expansions required at the facility. The approach to develop the flow 
projections was to establish aggressive and conservative flow increase scenarios in order 
to develop a range of possible flow increase curves that bracket the required timing for 
plant capacity expansions.  Existing plant capacity was established in TM 3A.  

Figure ES5A.1 and  present the flow increase curves for the City of Prescott, the Sundog 
WWTP, and the Airport WRF. The aggressive flow increase scenario (Scenario A) is based 
on actual fast growth period in the City of Prescott, and was developed using historical 
influent flow trends at the Sundog WWTP and Airport WRF between 2006 and 2009. The 
conservative flow increase scenario (Scenario B) represents a conservative growth 
scenario, and is based on growth estimates in the several planning documents for the City 
of Prescott. 
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The buildout annual average day flow (AADF) for the Airport WRF tributary area is 9.5 mgd 
(City of Prescott Wastewater Master Plan). For the purposes of this technology assessment 
and site master planning project, the buildout capacity was established at 9.6 mgd.  

The capacity for each phase of the master planned capacity was established at 3.2 mgd 
(three treatment trains total). This capacity was established based on discussions with the 
City in several workshops, and it addresses the City’s need of having additional treatment 
capacity beyond the permitted capacity of the existing plant (2.2 mgd). This Phase 1 
capacity is more cost-effective than a four treatment train alternative, and it also provides a 
reasonable timeframe before the next capacity expansion is required. 

Based on the flow increase scenarios presented above, Figure ES5A.3 shows the expected 
timing associated with a first phase of 3.2 mgd. It is estimated that with a Phase 1 capacity 
of 3.2 mgd, the Airport WRF would require the next expansion phase to be in service as 
early as the Year 2018 and as late as the Year 2028. 

ES5A.3 Alternative Treatment Technologies Screening 

For the initial evaluation of process alternatives, a full range of twelve treatment options 
were considered for completeness. While common process technologies at each plant were 
not a requirement of the master plan, there are significant advantages to the City with 
common or compatible processes. The full range of treatment alternatives were reviewed 
and discussed in project workshops with the City. There was a project team consensus that 
two alternatives should be brought forward for detailed evaluation: 

 Alternative 1 – conventional activated sludge with Modified Ludzack-Ettinger Process 
(MLE) for biological nitrification and denitrification 

 Alternative 2 – Membrane Bioreactor (MBR) with MLE for biological nitrification and 
denitrification 

ES5A.4 Alternative 1 – Conventional MLE 

Figure ES5A.4 presents the preliminary site plan for the conventional treatment alternative. 
The layout is based on the conservative assumption that no waivers are obtained from 
adjacent property owners. Therefore, all odor-producing facilities are shown outside the 
350-feet internal setback from the property boundary.  
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ES5A.5 Membrane Treatment Alternative 

Figure ES5A.5 presents the preliminary site plan for the membrane treatment alternative. 
The layout is based on the conservative assumption that no waivers are obtained from 
adjacent property owners. Therefore, all odor-producing facilities are shown outside the 
350-feet internal setback from the property boundary.  

ES5A.6 Alternatives Comparison 

An economic comparison of the two treatment alternatives for buildout conditions is 
presented in Table ES5A.9.  

Table ES5A.9 Treatment Alternatives Economic Comparison for Buildout (9.6 mgd) 
Technical Memorandum No. 5A - Alternatives Evaluation 
City of Prescott, Arizona 

Criteria 

Conventional (MLE) 
Treatment 
Alternative 

Membrane (MBR) 
Treatment 
Alternative 

Estimated Construction Cost $121,864,000 $124,512,000 

Annual Operations and Maintenance Costs $3,631,000 $4,860,000 

Total Life-Cycle Cost (1) $171,744,000 $191,282,000 

Note: 

(1) As present value, assuming life-cycle period of 20 years, interest rate of 6 percent, and 
escalation rate of 2 percent. 

The technology evaluation process also considered non-economic factors. Table ES5A.10 
shows a relative comparison of the treatment technologies. 
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Table ES5A.10 Treatment Alternatives Non-Economic Comparison 
Technical Memorandum No. 5A - Alternatives Evaluation 
City of Prescott, Arizona 

Criteria 
Weighing 

Factor 

Alternative 1 – 
Conventional MLE 

Alternative 2 –  
MBR 

Raw 
Score 

Weighted 
Score 

Raw 
Score 

Weighted 
Score 

Consistency with Existing 
Plant Process 

x 2 8 16 4 8 

Process Complexity x 3 8 24 4 12 

Reliance on Automation x 2 8 16 4 8 

Effluent Quality x 3 6 18 10 30 

Foot Print x 2 6 12 8 16 

Process Stability x 3 6 18 8 24 

Instrumentation and Controls 
Intensity 

x 3 8 24 4 12 

Compatibility with Advanced 
Treatment Processes 

x 2 5 10 8 16 

Sustainability and Reuse x 3 6 18 8 24 

TOTAL OVERALL SCORE - - 156 - 150 

Note: 

(1) Comparison of non-economic factors where 10 = best and 1 = worst 

ES5A.7 Liquid Secondary Treatment Recommendation 

The economic evaluation presented herein shows that the capital costs of the conventional 
(MLE) process and the MBR process alternatives are practically the same given the 
accuracy of the cost estimates prepared for this effort. However, the conventional (MLE) 
process alternative has the lowest total life cycle costs, including operation and 
maintenance costs. The conventional (MLE) process also has a significantly lower Phase 1 
capital cost compared to the MBR process alternative. 

The non-economic evaluation presented in Section ES5A.6 shows that the conventional 
(MLE) process alternative had a higher score (better) than the MBR process alternative 
when considering non-economic factors. 

Based on the results of the economic and non-economic evaluation, and discussions with 
City staff on project workshops, the recommended liquid secondary treatment technology 
for the Airport WRF is the conventional (MLE) activated sludge process. 
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The recommended process is compatible with advanced treatment processes with the 
addition of process units downstream of the MLE treatment process, such as membrane 
filtration and advanced oxidation processes. This flexibility allows the City to pursue 
advanced treatment in the future, depending on future requirements and regulations. 
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ES6 TM 6 – AIRPORT WRF CENTRALIZED TREATMENT 
FEASIBILITY ANALYSIS 

 
ES6.1 Introduction 

TM 5S and TM 5A presented recommendations for improvements at the Sundog WWTP 
and Airport WRF based on both plants maintaining treatment for its respective collection 
system tributary areas.  This TM 6 considers discontinuing treatment at the Sundog WWTP, 
conveying all wastewater to the Airport WRF and centralizing treatment at the Airport WRF. 

ES6.2 Existing Facilities 

The existing treatment facilities at the Sundog WWTP and Airport WRF were described in 
detail in TM 3S and TM 3A respectively. 

ES6.3 Reclaimed Water Pipeline Rehabilitation Alternatives 

An 18” / 24” pipeline conveys reclaimed water from the Sundog WWTP to the aquifer 
recharge basins near the Airport WRF.  Converting the Sundog reclaimed water pipeline for 
conveyance of raw wastewater would require rehabilitation for corrosion protection.  Epoxy 
lining could be used to provide corrosion protection, however that approach would provide 
no structural integrity and would required periodic inspection and maintenance.  Since the 
pipeline has not been inspected for 20 years due to continual use, only rehabilitation 
techniques that provide some structural integrity as well as corrosion protection were 
considered.  The following rehabilitation alternatives were considered: 

 Fold & Form 

 Polyvinyl chloride (PVC) or polyethylene (PE) non-reinforced liner. 

 Folded liner pipe reinforced with a circular woven polyester yarn (PRP). 

 Insitaform Polyfold – proprietary fold & form installation process using a 
custom designed close fitting polyethylene (PE) pipe. 
 

 Swagelining 

 Thin wall polyethylene semi-structural liner option. 

 Thick wall polyethylene structural liner option. 
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 Cured In Place Pipe – resin impregnated seamless reconstruction sock type tube 
expanded in place with steam or hot water. 

 Slip Lining – solid thermoplastic liner pipe pulled or pushed into the pipe with the 
annual space filled with grant. 

 Pipe Bursting – using a hydraulically or pneumatically driven cone to burst the 
existing pipe while simultaneously feeding a replacement flexible pipe. 

ES6.4  Existing Reclaimed Water Pipeline Hydraulic Analysis 

The existing reclaimed water pipeline was installed 20 years ago with a design capacity of 
7.5 mgd and Hagen-Williams friction coefficient (C value) of 110.  For the centralized 
treatment approach the required peak wastewater conveyance capacity would be 10.8 
mgd.  In addition, pipe rehabilitation alternatives will reduce the pipe diameter.  After 
rehabilitation with a thin wall smooth liner pipe (C2150) the 24 inch portion of the reclaimed 
water pipeline would provide sufficient for 10.8 mgd, however, the 18 inch segment would 
not. 

ES6.5 Combination Reclaimed Water Pipeline with Airport WRF 

The Sundog reclaimed water pipeline passes near the Willow Creek Intake along Highway 
89 approximately half way between the Sundog WWTP and Airport WRF.  There is an 
existing 24 inch diameter trunk sewer originating near the Willow Creek Intake which 
conveys wastewater to the Airport WRF.  There is the potential to make use of this trunk 
sewer to convey raw wastewater from the Sundog WWTP to the Airport WRF in 
combination with the 24 inch portion of the Sundog reclaimed water pipeline. 

ES6.6 Wastewater Conveyance and Reclaimed Water Distribution 

The Prescott Lakes Golf Course and area is currently supplied reclaimed water from the 
Sundog reclaimed water pipeline.  If treatment is discontinued at the Sundog WWTP and 
the reclaimed water pipeline converted to wastewater conveyance, an alternative for 
reclaimed water distribution is required.  Two overall wastewater conveyance and reclaimed 
water distribution alternatives were analyzed.  The recommended alternative is shown in 
Figure ES6.1 and consists of the following elements: 

 Rehabilitation of 24” Sundog reclaimed water pipeline for wastewater conveyance 
from the Sundog WWTP to Prescott Lakes Reclaimed Water PS. 

 Utilizing the new 24”and 30” sewer piping from the Prescott Lakes Reclaimed Water 
PS to the vicinity of the Willow Creek Intake. 
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 Upsizing an existing trunk sewer from near the Willow Creek Intake to the Airport 
WRF. 

 Continued utilization of the reclaimed water pipeline system for distribution of 
reclaimed water from the Airport WRF to all existing customers, including Prescott 
Lakes via the Prescott Lakes Reclaimed Water PS. 

 New reclaimed water PS at the Airport WRF. 
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ES6.7 Sundog WWTP Improvements 

Under the centralized treatment at the Airport WRF approach, wastewater tributary to the 
Sundog WWTP would be conveyed to the Airport WRF.  However, some minor 
improvements at the Sundog WWTP are still recommended, as follows: 

 Maintain the existing preliminary treatment headworks (influent screens and grit 
removal) with minor improvements to the existing facilities. 

 Provide flow equalization to reduce peak flow requirements in the conveyance 
pipeline. 

 Provide odor control for the existing headworks and proposed flow equalization 
facility. 

ES6.8 Airport WRF Improvements 

The treatment technology recommended for the Airport WRF would be as recommended in 
TM 5A.  The difference for the centralized approach is planning for an ultimate combined 
Sundog WWTP and Airport WRF capacity of 15 mgd rather than 9.6 mgd. 

Planning for the larger ultimate capacity alters the recommended initial capacity and 
subsequent modular expansion capacities.  As noted on Page ES-44, cost estimates in TM 
5A are based on three Airport WRF modules of 3.2 mgd capacity each (9.6 mgd ultimate 
capacity).  Under the centralized treatment approach (TM 6) phasing and cost estimates 
are based on four modules of 3.75 mgd each (15 mgd ultimate capacity).   

The ultimate and Phase 1 design wastewater flows and peaking factors used for evaluation 
of centralized treatment at the Airport WRF are presented in Table ES6.1 and ES6.2. 
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Table ES6.1 Buildout Design Wastewater Flows and Peaking Factors 
Technical Memorandum No. 6 – Airport WRF, City of Prescott, Arizona 
Centralized Treatment Feasibility Analysis 

Flow Criteria 

Airport WRF 
Buildout 

Flow, mgd(1) 

Sundog 
WWTP 

Buildout 
Flow, mgd 

(1,2) 

Combined 
Buildout 
Flow at 
Airport 

WRF, mgd 
(1,3) 

Combined 
Hydraulic 
Peaking 

Factor (1,3) 

Annual Average Day Flow 9.6 5.4 15.0 1.00 
Maximum Month Average Day 13.4 10.8 24.2 1.62 
Peak Day 19.2 10.8 30.0 2.00 
Peak Hour 28.8 10.8 39.6 2.64 
Notes: 
(1) Based on historical data analysis between January 2006 and April 2009. All peaking factors are 

relative to the annual average day flow. 
(2) Based on the assumption that flow equalization facilities and/or collection system improvements 

result in peaking factors no greater than 2.0 for the Sundog WWTP service area flows. 
(3) Based on the assumption that peak flows for the Airport WRF and Sundog WWTP service areas 

coincide when combined at the Airport WRF. 

 

Table ES6.2 Phase 1 Design Wastewater Flows and Peaking Factors  
Technical Memorandum No. 6 – Airport WRF, City of Prescott, Arizona 
Centralized Treatment Feasibility Analysis 

Flow Criteria Phase 1 Flow, mgd 
Hydraulic Peaking 

Factor(1) 
Annual Average Day Flow 3.75 1.0 
Maximum Month Average Day 5.25 1.4 
Peak Day 7.50 2.0 
Peak Hour 11.25 3.0 
Note: 
(1) Based on historical data analysis between January 2006 and April 2009. All peaking factors are 

relative to the annual average day flow. 

For centralized treatment at the Airport WRF, design wastewater characteristics are a 
compilation of characteristics observed at the existing Sundog WWTP and Airport WRF,  
Design characteristics for centralized treatment at the Airport WRF are presented in Table 
ES6.3. 
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Table ES6.3 Design Wastewater Characteristics  
Technical Memorandum No. 6 – Airport WRF, City of Prescott, Arizona 
Centralized Treatment Feasibility Analysis 

Design Parameter Unit 
Annual 

Average Day 
Maximum Month 
Average Day (1) 

Flow mgd 3.75 5.25 

BOD mg/L 322 383 
TSS mg/L 504 633 
TKN mg/L 34.6 41.2 
Ammonia N mg/L 29.5 35.1 
Alkalinity mg/L 250 250 
Temperature C  18.4 12.4 

Note: 
(1) Based on the assumption that the maximum month load (ppd) coincides with the maximum 

month flow (mgd). 

Figure ES6.2 presents a site plan of the recommended Airport WRF improvements for 
centralized treatment. 
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ES6.9  Decentralized Versus Centralized Treatment Comparison 

The two approaches were evaluated based on economic and non-economic criteria. 

ES6.9.1 Economic Comparison 

A capital cost operating cost and present worth comparison of decentralized treatment 
versus centralized treatment are presented in Tables ES6.4 and ES6.5 respectively.  The 
capital costs for decentralized treatment were brought forward from TM 5S and TM 5A. 

 

Table ES6.4 Capital/Operating Cost and Present Worth for Decentralized Treatment at 
Sundog WWTP and Airport WRF 
Technical Memorandum No. 6 – City of Prescott, Arizona 
Centralized Treatment Feasibility Analysis 

 
Capital Cost,     

$ mil 
Operating Cost 

$ mil/yr 
Present Worth,1 

$ mil 

Sundog WWTP (5.4 mgd) (Build-out) 75.1 2.60 110.75 

Airport WRF (9.6 mgd) (Build-out) 115.4 3.63 160.63 

 190.5 6.23 271.38 

Note: 
1  20 yr Present Worth @ 5% interest. 

 

Table ES6.5 Capital/Operating Cost and Present Worth for Centralized Treatment at 
Airport WRF 
Technical Memorandum No. 6 – City of Prescott, Arizona 
Centralized Treatment Feasibility Analysis 

 
Capital Cost,      

$ mil 
Operating Cost 

$ mil/yr 
Present Worth,1 

$ mil 

Sundog WWTP  10.4 0.5 17.27 

Conveyance 5.3 0.2 8.05 

Airport WRF (15 mgd) 160.7 4.73 225.66 

 176.4 5.43 250.98 

Note: 
1  20 yr Present Worth @ 5% interest. 
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ES6.9.2 Non-Economic Comparison 

The following non-economic criteria were used to compare decentralized versus centralized 
treatment: 

 Effluent Quality & Permit Compliance 

 Aging Infrastructure 

 Operational Complexity 

 Staffing/Requirements 

 Training 

 Ease of Maintenance 

The criteria were weighted by importance from 1 to 4 and given a rating score from 1 to 10.  
Results of the non-economic comparison are presented in Table ES6.6. 

Table ES6.6    Non-Economic Factor Comparison 
Technical Memorandum No. 6 – Airport WRF, City of Prescott, Arizona 
Centralized Treatment Feasibility Analysis 

 Weighting 
Factor 

Continued Decentralized 
Treatment at Sundog 

WWTP and Airport WRF 

Centralized Treatment at 
Airport WRF 

 

Raw Score Weighed 
Score 

Raw Score Weighed 
Score 

Effluent Quality x 5 7 35 8 40 

Aging  
Infrastructure 

x 4 6 24 9 36 

Operational  
Complexity 

x 4 5 20 7 28 

Staffing/Training 
Requirements 

x 3 5 15 7 21 

Ease of  
Maintenance 

x 4 5 20 7 28 

TOTAL                         114                       153 

Note: 

1. Comparison of non-economic factors where 10 = best and 1 = worst 
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ES6.10 Alternative Phasing and Capital Improvement Plans 

The previous economic comparison was based on the costs of ultimate build-out facilities.  
Differences in phasing, initial cost and long term capital improvement plans were also 
reviewed relative to decentralized versus centralized treatment. 

ES6.10.1 Centralized Treatment Phasing Plan 

Projected flow curves for the Sundog WWTP (Figure ES6.3) and combined Sundog WWTP 
and Airport WRF (Figure ES6.4) flows were used to identify timing of phased expansions 
for centralized treatment and the time frame for the City to decide between the centralized 
and decentralized treatment approaches. 
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Figure ES6.3  Flow Increase Curves – Sundog WWTP 
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Figure ES6.4  Flow Increase Curves – Combined Sundog WWTP and Airport WRF 

Based on flow projections, Figure ES6.5 identifies a schedule of improvements and an 
associated capital improvements program for centralized treatment. 

The time to decide between centralized versus decentralized treatment depends on the life 
expectancy of the Sundog WWTP.  Based on Figure ES6.3, that point is projected to occur 
in 2019.  Allowing for time to design and implement improvements in 3 years, the decision 
point is identified in 2016. 
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Figure ES6.5  Centralized Treatment CIP 

ES6.10.2 Decentralized Treatment Phasing Plan 

Figure ES6.6 presents the schedule of individual plant improvements and an associated 
capital improvements program for the decentralized treatment approach. 

A comparison of cumulative capital costs for the centralized versus decentralized 
approaches is presented on Figure ES6.7. 
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Figure ES6.6  Decentralized Treatment Plants CIP 

 
Figure ES6.7  Cumulative Capital Cost Comparison 
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ES6.11 Conclusions 

The economic comparison (20-year present worth), non-economic comparison and the 
comparison of phasing plans and corresponding capital improvement plans show minor 
difference between centralized treatment at the Airport WRF and decentralized treatment at 
the Airport WRF and Sundog WWTP.  It is recommended the City maintain both options for 
as long as possible.  As such the following recommendations and conclusions are 
appropriate. 

 Plan the first phase of the Airport WRF improvements for 3.75 mgd of capacity 
which provides the flexibility for either approach. 

 Recognize that an initial capacity of 3.75 mgd for the Airport WRF does not dictate 
the centralized treatment approach. 

 Plan to make a decision on centralized treatment 2016, provided the actual flow 
increases are consistent with the projections herein. 

 Recognize that if actual flow increase are less than projected the centralized 
treatment decision can be postponed beyond 2016. 

 Consider collection system alternatives to divert flow away from the Sundog WWTP 
to the Airport WRF.  This will in effect prolong the life expectancy of the Sundog 
WWTP and postpone the centralized treatment decision point. 

 Consider more aggressive approach to solving I/I problem vs. providing flow 
equalization.  
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ES7 TM 7 – TERTIARY FILTRATION EVALUATION 
 
ES7.1 Introduction 

The purpose of this technical memorandum is to evaluate alternative tertiary filtration 
technologies for the Sundog WWTP and Airport WRF. 
 

ES7.2 Background 

The last major expansion of the Sundog WWTP liquid treatment process, including filters, 
was constructed in 1990.  The existing tertiary filtration process consists of two traveling 
bridge filters.  The filters have historically met all discharge permit limits, without significant 
operator complaints.  The filters have recently experienced failures in the porous plates.  
The existing filters need to be rebuilt or replaced.   

The most recent expansion of the Airport WRF occurred in 1998 and included the addition 
of one traveling bridge filter.  Plant staff have reported ongoing plugging issues with the 
porous plate in the existing unit.  Also, there is a lack of redundancy and the filter cannot be 
taken off-line and cleaned thoroughly without losing the ability to filter secondary effluent 
prior to UV disinfection.   

ES7.3 Hydraulic Design Criteria 

Projected annual average wastewater flows tributary to the Sundog WWTP and Airport 
WRF are presented in Table ES7.1 

Table ES7.1     Projected Wastewater Flows 
 Sundog WWTP Airport WWTP 
 2010 2015 Buildout 2010 2015 Buildout 

Master Plan AAD  2.5 mgd 2.8 mgd 5.3 mgd 1.1 mgd 1.3 mgd 4.9 mgd 

West Area AAD --- --- --- 0 0 2.2 mgd 

Granite Creek AAD --- --- --- TBD TBD 2.0 mgd 

Total 2.5 mgd 2.8 mgd 5.3 mgd 1.1 mgd 1.3 mgd 9.1 mgd 

 
The Sundog WWTP collection system experiences significant wet weather inflow and 
infiltration, as illustrated in Figure ES7.1. 
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Figure ES7.1  Monthly Sundog WWTP Floes 2006 - 2009 

Based on this data it is recommended to design the Sundog WWTP filters for a maximum 
month hydraulic flow capacity of 2.0 times average annual design capacity and rely on flow 
equalization to store excess wet weather flows above maximum month flow.  Therefore, 
build out hydraulic capacity of the Sundog WWTP filters should be 10.6 mgd, with one unit 
out of service. 

The impact of wet weather infiltration and inflow is not as great at the Airport WWTP, as 
shown in Figure ES7.2.   

A hydraulic design capacity of 2.0 times average annual flow or 18.2 mgd for the build out 
condition is recommended for the Airport WWTP filters.  Flow equalization is recommended 
to store and equalize flows is excess of peak day flow. 
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Figure ES7.2  Monthly Airport WWTP Floe 2006 - 2009 

ES7.4 Required Reclaimed Water Quality 

The current project will evaluate tertiary filtration technologies that are capable of producing 
Class A+ effluent.  The current water quality standards for Class A+ Reclaimed Water are 
shown in Table ES7.2. 
 

Table ES7.2     Class A+ Reclaimed Water Quality Standards 

Parameter Treatment Standard 
Turbidity, NTU 

 Average 
 Single sample max 

Fecal Coliform, cfu/100mL 
 4 of last 7 samples 
 Single sample max 

APP 
 BADCT 

 
2 
5 
 

Non-detect 
23 

 
THM control 

 

Historical filter performance at both the Sundog WWTP and Airport WRF has met Class A+ 
average turbidity of <2 NTU, except for periods of extreme wet weather flows.  However, 
the Sundog WWTP filters have recently experienced structural failure of the media support 
porous plate and are out of service. 
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ES7.5 Filtration Alternatives 

The following filtration alternatives were considered: 

 Existing Traveling Bridge Filter Retrofit 

 Conventional underdrain replacement – Infilco (ABF) 

 Pipe underdrain replacement – Siemens (Gravisand) 

 Disk Filter Technology 

 Cloth Media Filters – Aqua Aerobics (AquaDiamond) 

 Compressible Media Filter – Schreiber (Fuzzy Filter) 

 Upflow Continuous Backwash Filters 

 Conventional Deep Bed Filtration 

 Microfiltration 

 Submerged – General Electric 

 Pressure Vessels – Siemens, Pall 

ES7.6 Comparison of Tertiary Filtration Technologies 

Hydraulic loading criteria varies for each of the filtration technologies.  The resulting basis of 
design for each technology for the Sundog WWTP and Airport WRF are presented in Table 
ES7.3 and Table ES7.4.  
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Table ES7.3       Sundog WWTP Filtration Basis of Design Criteria 

Filter Technology 
Total Surface Area, ft2 No. Units Required New Concrete 

Basin or 
Structure 

Pump Station 
Required 

Average 
Peak           

(Max Month) Duty Standby 

Traveling Bridge Filters  3,120 3,120  2 1 yes no 

Disk Filters  1,764 1,764  2 1 no no 

Cloth Media Filters  2,600 2,600  1 1 no no 

Compressible Media Filters  174 253  4 1 yes yes 

Upflow Continuous 
Backwash Filters  1,146 1,526   27 1  yes yes 

Conventional Filters  2,400 1,964   4  1 yes yes 

Microfiltration (2)  132,500 265,000   11  1 yes yes 
Notes: 
(1) Bold total surface area numbers indicates governing flow condition. 
(2) Based on a standard 50 module rack. 

 
Table ES7.4       Airport WWTP Filtration Basis of Design Criteria 

Filter Technology 
Total Surface Area, ft2 No. Units Required New Concrete 

Basin or 
Structure 

Pump Station 
Required 

Average 
Peak            

(Peak Day) Duty Standby 

Traveling Bridge Filters  4,025 4,025  6 1   yes no  

Disk Filters 2,750  2,750  4  1   yes   no 

Cloth Media Filters  4,160 4,160   1  1   yes  no 

Compressible Media Filters  294 400  7  1   yes  yes  

Upflow Continuous 
Backwash Filters  1,953 2,582   47  1   yes   yes 

Conventional Filters  4,200 3,600   6  1  yes    yes 

Microfiltration (2)  227,500 455,000   19  1  yes   yes  
Notes: 
(1)  Bold total surface area numbers indicates governing flow condition. 
(2)  Based upon a standard 50 module rack. 
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Tertiary filtration alternatives were compared based on economic and non-economic 
criteria. 

A capital, operating and life cycle present worth cost comparison of filtration technologies 
for the Sundog WWTP and Airport WRF are presented on Table ES7.5 and Table ES7.6 
respectively. 

Traveling Bridge Filter Disk Filter Cloth Media Filter Compressible Media Upflow Filters Conventional Microfiltration

Capital Cost $1,950,000 $2,166,000 $2,836,000 $2,970,000 $3,039,000 $4,740,000 $13,487,000

  Labor $13,000 $13,000 $13,000 $13,000 $13,000 $13,000 $52,000
  Maintenance (parts only) $6,200 $8,400 $4,100 $800 $1,400 $10,300 $51,000
  Power ($0.10/kWH) $8,100 $2,400 $5,900 $16,700 $16,700 $16,400 $52,600
  Chemicals $5,000 $5,000 $5,000 $5,000 $5,000 $5,000 $114,000

Total Life Cycle Cost w/o UV $2,300,000 $2,500,000 $3,200,000 $3,400,000 $3,500,000 $5,300,000 $16,600,000
  UV Power $63,100 $63,100 $63,100 $63,100 $63,100 $63,100 $19,300

Total Life Cycle Cost w/ UV $3,000,000 $3,200,000 $3,900,000 $4,100,000 $4,200,000 $6,000,000 $16,800,000

Table ES7.5  Sundog WWTP Filtration Costs

O&M Cost ($/year)

 
 

Traveling Bridge Filter Disk Filter Cloth Media Filter Fuzzy Filter Upflow Filters Deep Bed Microfiltration
Capital Cost $4,838,000 $3,818,000 $4,640,000 $4,541,000 $4,812,000 $11,676,000 $22,423,000

  Labor $13,000 $13,000 $13,000 $13,000 $13,000 $13,000 $52,000
  Maintenance $14,000 $13,000 $4,000 $5,000 $2,000 $14,000 $42,000
  Power $19,000 $4,000 $6,000 $17,000 $16,000 $16,000 $43,000
  Chemicals $5,000 $5,000 $5,000 $5,000 $5,000 $5,000 $93,000
Total Life Cycle Cost w/o UV $5,400,000 $4,200,000 $5,000,000 $5,000,000 $5,200,000 $12,200,000 $25,100,000
  UV Power $110,000 $110,000 $110,000 $110,000 $110,000 $110,000 $39,000
Total Life Cycle Cost w/ UV $6,700,000 $5,500,000 $6,200,000 $6,300,000 $6,500,000 $13,500,000 $25,500,000

Table ES7.6  Airport WWTP Filtration Costs 

O&M Cost ($/year)

 
 

Table ES7.7 shows a relative comparison of the filtration technologies based on a score of 
1 through 10 (higher value means more desirable).  A multiplier was also applied to each of 
the non-economic factors to properly weigh those factors most important to the City.   

ES7.7 Recommendations 

The recommended tertiary filtration alternative for implementation at the Sundog and Airport 
WWTPs is disk filters.  Disk filters provide a good mixture of low cost, reliable performance 
and low maintenance



 
 

                                                                                   ES-74                                                      03/16/2011     In Association with   

Table ES7.7    Non-Economic Factor Comparison 
 Effluent Quality Proven 

Technology 
Operational 
Complexity 

Compatibility with 
Future AOPs 

Footprint  
Total 

Overall 
Score 

 

Weighting Factor x 5 x 4 x 3 x2 x2 

Treatment 
Technology 

Raw 
Score 

Weighted 
Score 

Raw 
Score 

Weighted 
Score 

Raw 
Score 

Weighted 
Score 

Raw 
Score 

Weighted 
Score 

Raw 
Score 

Weighted 
Score 

Traveling Bridge 
Filter 

7 35 9 36 6 18 5 10 4 8 107 

Disk Filters 7 35 9 36 8 24 5 10 8 16 121 

Cloth Media Filters 7 35 7 28 7 21 5 10 6 12 106 

Compressible 
Media Filters 

6 30 4 16 5 15 3 6 8 16 83 

Upflow Filters 5 25 8 32 6 18 3 6 6 12 93 

Conventional 
Filters 

7 35 9 36 3 9 5 10 3 6 96 

Microfiltration 10 50 7 28 4 12 10 20 4 8 118 

Comparison of non-economic factors where 10 = best and 1 = worst 
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ES8 TM 8 – BIOSOLIDS PLANNING CONDITIONS 
 
ES8.1 Introduction 

The main objectives of this Technical Memorandum No. 8 are to establish existing 
conditions and identify future trends in biosolids management. Existing conditions of solids 
handling equipment, materials, processes, and costs are established. Future trends in 
regional land use and availability, as well as regulatory issues are identified as they relate 
to the City’s biosolids management program. 

ES8.2 Background 

Biosolids are typically disposed of in landfills or are beneficially reused through land 
application. Biosolids disposal and land application is federally regulated by the EPA 40 
CFR 503. The Arizona Department of Environmental Quality (ADEQ) enforces the federal 
regulations and administers the biosolids program in Arizona, with oversight by the U.S. 
EPA. Table ES8.1 presents a brief summary of the ADEQ, Class A, and Class B biosolids 
requirements and associated land application restrictions. A more detailed discussion of 
EQ, Class A, and Class B biosolids regulations are provided in Appendix A of Technical 
Memorandum No. 8. 
 

Table ES8.1 Biosolids Classifications and Disposal Options Summary 
Technical Memorandum No. 8 – Biosolids Planning Conditions 
City of Prescott, Arizona 

 Exceptional Quality Class A Class B 

Requirement Fecal coliform density 
<1000 MPN/g total 
dry solids or 
Salmonella density 
<3 MPN/4 g total dry 
solids. 

Fecal coliform density 
<1000 MPN/g total 
dry solids or 
Salmonella density 
<3 MPN/4 g total dry 
solids. 

Achieve pathogen 
and vector attraction 
reduction. 

 Reduce pathogen 
levels to below 
detectable limits. 

Reduce pathogen 
levels to below 
detectable limits. 

 

 Achieve vector 
attraction reduction 
via limited options. 

Achieve vector 
attraction reduction. 

 

 Must meet monthly 
average metal 
concentration limits. 

Must meet ceiling 
metal concentration 
limits and metal 
loading rates. 
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Table ES8.1 Biosolids Classifications and Disposal Options Summary 
Technical Memorandum No. 8 – Biosolids Planning Conditions 
City of Prescott, Arizona 

 Exceptional Quality Class A Class B 

Can be applied 
to… 

Anywhere. Nurseries, gardens, 
golf courses, parks, 
and areas where 
contact with general 
public is possible. 

Agriculture, landfill, & 
areas with no 
potential contact with 
general public. 

ES8.3  Existing Conditions 

The Sundog WWTP produces Class B biosolids that are disposed of via land application. 
Solids handling and treatment facilities at the Sundog WWTP include waste activated 
sludge (WAS) thickening, anaerobic digestion of combined primary sludge and thickened 
WAS, and dewatering of digested sludge.  

The current solids handling practice at the Airport WRF is dewatering undigested sludge, 
followed by landfill disposal. WAS is continuously pumped to an aerated solids holding tank, 
where it is slightly thickened by gravity. The thickened WAS is sent to the centrifuge 
building for dewatering and subsequent disposal via a roll-off bin. 

The current biosolids management program costs include processing, hauling, and disposal 
of the biosolids generated at the Sundog WWTP and Airport WRF. The costs of the 
biosolids management program are summarized in Table ES8.2. Since April 2009, biosolids 
from the Airport WRF are not sent to the Sundog WWTP, and are sent to landfill disposal 
after dewatering. Biosolids from the Sundog WWTP are disposed of via land application.  

The overall unit cost for biosolids management at the Airport WRF is 74 percent higher than 
the costs at the Sundog WWTP. The main reason for this difference is the higher disposal 
cost associated with the Airport WRF sludge ($29.50 per wet ton for land application, 
versus $47.00 per wet ton for landfill disposal). 

 

 
 
 
 
 
 
 
 
 



 

                                                                                  ES-77                                                      03/16/2011     In Association with   

Table ES8.2 Existing Biosolids Management Program Costs Summary 
Technical Memorandum No. 8 – Biosolids Planning Conditions 
City of Prescott, Arizona 

Cost (1) Sundog WWTP Airport WRF 

Annual Energy Costs $41,493  (24%) $22,888 (21%) 
Annual Chemical Costs $24,220  (14%) $31,415 (29%) 
Annual Biosolids Disposal Costs(2),(3) $105,394  (61%) $52,235 (49%) 
Annual Miscellaneous Costs $2,972  (2%) $301 (0.3%) 
Total Annual Operating Costs $174,079 (100%) $106,839 (100%) 
Biosolids Produced (2) 3,334 wet tons 1,159 wet tons 
Unit Cost $52.2 / wet ton $92.2/ wet ton 
Notes: 

(1) All costs are based on 2009 process operational data and cost information provided by City of 
Prescott. A detailed breakdown is presented in Appendix B. 

(2) Quantities of Airport WRF biosolids in the first three months of 2009 were estimated using a 
monthly average of April to December 2009.  

(3)  The current contract for biosolids transport and disposal establishes a fixed cost of $29.5 per wet 
ton for land application, and $47.0 per wet ton for landfill disposal. 

ES8.4  Biosolids Quantities 

Existing and future solids production for the Sundog WWTP and Airport WRF are presented 
in Table ES8.3.  

 
Table ES8.3 Existing and Projected Biosolids Production – Sundog WWTP and 

Airport WRF 
Technical Memorandum No. 8 – Biosolids Planning Conditions 
City of Prescott, Arizona 

 Sundog 
WWTP 

Plant Flow

Airport 
WRF 

Plant Flow

Sundog WWTP 
Dewatered 
Biosolids 

Airport WRF 
Dewatered 
Biosolids 

mgd mgd lb/day 
wet tons/ 

day (2) lb/day 
wet tons/ 

day (2) 

Existing (1), AADF 2.6 1.1 3,653 9.1 1,389 3.2 

Existing, MMADF 5.2 1.5 6,377 15.9 2,729 6.2 

Ultimate, AADF 5.4 9.6 7,588 19.0 16,371 40.9 

Ultimate, MMADF 10.8 13.4 13,244 33.1 29,479 73.7 
Note: 
(1) Based on 2009 operational data 
(2)  Assumes a total solids concentration of 20 percent. 
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ES8.5  Biosolids Management Trends 

There are no specific new federal regulatory initiatives planned in the near-term. Similar to 
regulations for liquid processes in wastewater treatment, personal health care products and 
pharmaceuticals in biosolids is an issue on the horizon, but no impending regulatory 
programs are envisioned to address these compounds in the near future. 

There are no formal restrictions for the land application of biosolids in the State of Arizona. 
However, a number of counties in California have implemented full or partial bans of 
Class B biosolids land application. Others have restricted the application of biosolids 
entirely - regardless of their classification. 

Most facilities in Arizona produce either Class B or unclassified biosolids, with only a few 
facilities producing Exceptional Quality or Class A biosolids.  

The City’s biosolids are currently applied at either the Hauser and Hauser site or at the 
Orme Ranch site. However, there are other registered land application sites within a similar 
distance from Prescott. In the short term, there are no apparent land availability issues for 
Class B biosolids produced from the City. 

The future trend in land availability for Yavapai County is generally consistent with trends 
occurring in the State of Arizona, particularly in other Counties experiencing significant 
population growth. The statewide trend shows a reduction in farmland acreage. The rate 
(percentage) of farmland acreage loss in Yavapai County is significantly greater than the 
statewide trend, but similar to other fast-growing counties such as Maricopa County and 
Yuma County. 

In general, there are no indications in the short-term that would indicate an urgent need to 
take the existing level of biosolids treatment beyond Class B quality. In the long-term, 
production of Exceptional Quality or Class A biosolids can provide an improved degree of 
flexibility for biosolids disposal given the trends of reduced availability of cropland areas and 
increased concerns from the general public. However, a detailed analysis of disposal 
alternatives is recommended before embarking on investments towards the production of 
Class A or Exceptional Quality biosolids, in order to analyze the cost-benefits of the 
increased level of biosolids treatment. 

There are no regulatory issues in the horizon that would significantly affect biosolids 
management in the short and medium term. However, the potential risks posed by of micro 
constituents and emerging contaminants are currently being evaluated at the research 
level.  
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ES9 TM 9 – BIOSOLIDS ALTERNATIVES EVALUATION 

ES9.1 Introduction 

The long-term capital improvements identified for the Sundog Wastewater Treatment Plant 
(WWTP) and the Airport Water Reclamation Facility (WRF) include the expansion of the 
treatment facilities and supporting infrastructure. These expansions will result in the 
generation of additional biosolids requiring treatment and disposal. The increased quantities 
of biosolids will present new biosolids treatment and disposal challenges, which will directly 
impact treatment plant operations and budgeting efforts.  The City has recognized the need 
to review and evaluate their approach to biosolids management procedures to provide a 
framework for future treatment and disposal practices. Furthermore, the instability in 
legislation and market changes associated with biosolids necessitate the identification of 
appropriate alternatives to maximize the City's biosolids treatment and disposal flexibility in 
the future. 

Technical Memorandum (TM) No. 9 is part of the Sundog WWTP and Airport WRF 
Capacity and Technology Master Plan, and addresses Task Group 1200 – Biosolids 
Alternatives Evaluation. 

The main purposes of this TM No. 9 are:  

 To review available biosolids disposal and reuse alternatives and recommend near-
term and long-term disposal alternatives. 

 To review and screen available biosolids stabilization alternatives, in order to select 
alternatives for detailed evaluation. 

 To determine the facilities required for the recommended biosolids stabilization 
alternatives. 

 To evaluate biosolids management alternatives at separate wastewater treatment 
facilities versus all biosolids management at a centralized treatment plant. 

 To evaluate alternatives for biogas utilization. 

 To perform a detailed evaluation of economic and non-economic factors for the 
biosolids management alternatives considered. 

 
ES9.2 Biosolids Disposal and Reuse Alternatives 

Ultimately, the desired biosolids disposal and reuse options play a significant role in the 
selection of the sludge stabilization processes (i.e., EQ versus Class A versus Class B) and 
the subsequent solids handling facilities. 



 

 

                                                                                   ES-80                                                      03/16/2011 
 

    In Association with   

The goal of this biosolids alternatives evaluation is to determine disposal options, which 
provide flexibility, redundancy, and the ability to meet current and future regulatory criteria.  
As mentioned previously, there are currently no formal restrictions for the land application of 
biosolids in the State of Arizona. Even though a number of counties in California have 
implemented full or partial bans of Class B biosolids land application and/or restrictions on 
the use of EQ and Class A biosolids, it is difficult to predict whether or not such restrictions 
would ever be imposed in Arizona.  

As stated in TM No. 8, there are no clear indications that Class B land application would be 
restricted for the City of Prescott in the foreseeable future. Therefore, we recommend 
master planning biosolids treatment facilities based on achieving Class B, with 
considerations to achieve Class A in the future.  

The following Table ES9.1 summarizes the options for biosolids disposal evaluated as part 
of this TM. 

 

Table ES9.1 Biosolids Disposal Alternatives Summary 
Technical Memorandum No. 9 – Biosolids Alternatives Evaluation
City of Prescott, Arizona 

Disposal/Beneficial Reuse Alternative 

Minimum Biosolids Criteria 
E

Q
 

C
la

ss
 A

 

C
la

ss
 B

 

L
iq

u
id

 

D
ew

at
er

ed
 

D
ry

 P
el

le
ts

 

Land Application - Agricultural Land   X X   

Land Application - City-owned Land(1)  X X   X X 

Landfill Disposal(2)     X  

Commercial Product X X    X 

Notes:  

(1) Will depend on requirements of the City Parks and Recreation and Transportation 
Departments. 

(2) Landfill disposal requires dewatering to level capable of passing the Paint Filter Test. 
Class B, A, or EQ can also be disposed of in landfills. 

The most cost-effective and practical strategy would be for the City to continue its practice 
of land applying Class B biosolids from the Sundog WWTP on agricultural land, and to 
continue landfill disposal of biosolids from the Airport WRF until biosolids stabilization 
facilities can be constructed. However, landfill disposal is not recommended as a long-term 
alternative, as available landfill space is generally limited. Therefore, the City should plan to 
implement improvements at the existing Airport WRF to produce Class B biosolids when 
this alternative becomes economically viable.  Ultimately, upgrading the stabilization 
processes to achieve EQ or Class A biosolids should be considered, in order to maintain 
the greatest flexibility with future biosolids disposal alternatives. 
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ES9.3 Biosolids Stabilization 

The City’s existing WWTPs are currently equipped with processes capable of reliably 
producing Class B biosolids (Sundog WWTP) or unclassified biosolids (Airport WRF), which 
limits available biosolids management alternatives to agricultural farmland sites and landfill 
disposal. Although these management strategies are sufficient and generally considered to 
be the most cost effective in the near- and long-term, changing regulations and decreasing 
availability of agricultural lands may limit opportunities for land apply and landfill in the 
future. As a result, the City may have to consider higher levels of treatment for biosolids 
production in the future, and consequently would have to add technologies (i.e. additional 
equipment and facilities) to the current processes in order to produce EQ or Class A 
biosolids. 

After initial process screening, the following stabilization processes were evaluated for the 
Sundog WWTP and the Airport WRF as separate treatment facilities, or a centralized 
Airport WRF: 

 Conventional Anaerobic Digestion 

 Thermal Drying 

The capital costs and operating costs for anaerobic digestion and thermal drying at the 
Sundog WWTP, Airport WRF, and the Centralized Airport WRF are provided in Tables 
ES9.2, ES9.3, and ES9.4 below.  For all cases, anaerobic digestion is the preferred 
economic alternative. 

Table ES9.2  Stabilization Capital and Operating Costs – Sundog WWTP 
Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

Criteria Anaerobic Digestion Thermal Drying 

Probable Construction Cost $5,426,000 $14,000,000 

Annual O&M Costs $340,100 $1,220,000 

Total Life-Cycle Cost $10,099,000 $27,990,000 

Note: 
(1)   As present value, assuming life-cycle period of 20 years, interest rate of 6% and 

escalation rate of 2%. 

 



 

  ES-82 03/16/2011 

 
    In Association with   

Table ES9.3    Stabilization Capital and Operating Costs – Airport WRF 
Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

Criteria Anaerobic Digestion Thermal Drying 

Probable Construction Cost $22,680,000 $21,700,000 

Annual O&M Costs $544,600 $2,192,000 

Total Life-Cycle Cost $30,163,000 $46,840,000 

Note: 
(1)   As present value, assuming life-cycle period of 20 years, interest rate of 6% and 

escalation rate of 2%. 

 

Table ES9.4  Stabilization Capital/Operating Costs - Centralized Airport WRF 
Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

Criteria Anaerobic Digestion Thermal Drying 

Probable Construction Cost $25,760,000 $35,700,000 

Annual O&M Costs $732,000 $3,362,000 

Total Life-Cycle Cost $35,818,000 $75,250,000 

Note: 
(1)   As present value, assuming life-cycle period of 20 years, interest rate of 6% and 

escalation rate of 2%. 

While anaerobic digesters are preferred from an economic standpoint, thermal dryers will 
produce a fertilizer product that has agricultural and recycling value, whereas dewatered 
anaerobic sludge has little value and in many jurisdictions has become a liability for 
municipal agencies.  Given a long term view of biosolids disposal, the City of Prescott 
should consider thermal drying of biosolids in a central treatment facility as flows increase 
and new residential construction re-starts. 

In considering a regional biosolids treatment facility, the following alternatives were 
identified for future consideration: 

 Composting 

 Thermal drying 

 Biosolids to Energy (Incineration) 

ES9.4 Biogas Utilization 

As part of the biosolids master planning tasks, biogas utilization options for the Sundog 
WWTP and the regional treatment facility alternative at Airport WRF were evaluated.  The 
biogas utilization options considered in this evaluation include process heating and on-site 
power generation.  Economic and non-economic considerations and life cycle costing were 
used to evaluate potential biogas utilization alternatives.  
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Biogas produced through anaerobic digestion is a prime source of energy that is 
traditionally used for process heat (digestion and/or heat drying), building heat, or to 
generate power.  Heat recovery from on-site power generation or drying can also be 
employed to heat digesters and buildings.  The costs and benefits of biogas utilization vary 
depending on capacity requirements, purchased energy costs, biogas cleaning 
requirements, and process heat requirements.  Three biogas utilization options were short-
listed for detailed evaluation for each treatment facility, as follows: 

1. Biogas use for process (anaerobic digester) heat. 

2. Biogas use in engine generators for on-site power generation and waste heat 
recovery. 

3. Biogas use in MicroTurbines for on-site power generation and waste heat recovery. 

Equipment requirements and costs were developed for each alternative at both the Sundog 
WWTP and the centralized treatment facility at the Airport WRF.  In addition, costs were 
developed for a “base case” scenario.  The “base case” scenario represents no energy 
recovery and flaring of all biogas.  Natural gas must be purchased for digester heating in 
the “base case” scenario. 

Descriptions of each evaluated alternative for power generation and energy recovery are 
presented below: 

 Case 1 - All biogas to the boiler for digester heating.  Excess biogas is flared.  This 
configuration is widely used at WWTPs equipped with anaerobic digestion.  

 Case 2 - All gas to engine generators.  Heat recovered from the engine generator 
jackets and exhaust is used for digester heating. 

 Case 3 - All gas to MicroTurbines.  Heat recovered from the MicroTurbine exhaust is 
used for digester heating. 

Sundog WWTP 

The following Table ES9.5 summarizes the cost or savings associated with each scenario 
described above for the Sundog WWTP. 
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Table ES9.5 Costs and Benefits for Digester Gas Utilization at Sundog WWTP 
Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

 
Case 1 

Digester Heat
Case 2 

Engine Generators 
Case 3 

MicroTurbines

Capital Cost, $ 
  Energy recovery 
  Gas cleaning 
  Total 

 
0 

200,000 
200,000 

 
337,000 

   693,000 
1,030,000 

 
532,000 

   808,000 
1,340,000 

Annual Costs for Energy 
Recovery, $/year  
  Electricity  
  Labor 
  Maintenance materials 
  Total 

 
 

0 

0 

         0 

0 

 
 

0 
21,000 
16,000 
37,000 

 
 

0 
19,000 

     6,000 
25,000 

Annual Costs for Gas 
Cleaning, $/year  
  Electricity  
  Labor 
  Maintenance materials 
  Total 

 
 

13,000 
6,000 

   1,000 
20,000 

 
 

14,000 
23,000 
18,000 
55,000 

 
 

24,000 
23,000 
18,000 
65,000 

Annual Benefits, $/year  
  Electricity (Savings) 
  Natural Gas (Savings) 

 
0 

(33,000) 

 
 (89,000) 
(33,000) 

 
 (66,000) 
(32,000) 

Present Worth Costs, $ 
  Capital Costs 
  Annual Costs 
  Annual (Savings) 
  Total Annual Cost (Savings) 
  PW Annual Cost (Savings) 
  PW Total Cost (Savings) 
  Annualized PW Cost 

 
200,000 

20,000 
(33,000)    
(13,000) 

(162,000) 
38,000 

3,000 

 
1,030,000 

92,000 
(122,000) 

(30,000) 
(374,000) 

656,000 
53,000 

 
1,340,000 

90,000 
(98,000) 

(8,000) 
(100,000) 
1,240,000 

100,000 
 
Life cycle costs evaluation for the Sundog WWTP shows that the total present worth cost of 
the three biogas utilization alternatives are $38,000, $656,000, and $1,240,000, 
respectively, meaning that no cost savings are projected.   Based on the results of this 
evaluation, on-site power generation is not cost effective and is therefore not recommended 
for the Sundog WWTP.  However, use of biogas for digester heating eliminates the need for 
natural gas purchases and consequently, the impacts of fluctuating natural gas prices on 
plant O&M costs.  There is considerable potential savings with this approach, particularly if 
biogas treatment is not required.  In fact, the City reports that by switching to untreated 
digester gas for sludge heating, they are currently saving about $63,000 per year.     
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Centralized Airport WRF 
 

Table ES9.6 summarizes the cost benefits of each scenario described above for a 
Centralized Airport WRF. 
 

Table ES9.6 Costs and Benefits for Digester Gas Utilization at Centralized  
Airport WRF 
 Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

 
Case 1 

Digester Heat
Case 2 

Engine Generators 
Case 3 

MicroTurbines

Capital Cost, $ 
  Energy recovery 
  Gas cleaning 
  Total 

 
0 

530,000 
530,000 

 
676,000 

   894,000 
1,570,000 

 
8611,000 

1,049,000 
1,860,000 

Annual Costs for Energy 
Recovery, $/year  
  Electricity  
  Labor 
  Maintenance materials 
  Total 

 
 

0 

0 

         0 

0 

 
 

0 
25,000 

  35,000 
60,000 

 
 

0 
20,000 

  14,000 
34,000 

Annual Costs for Gas 
Cleaning, $/year  
  Electricity  
  Labor 
  Maintenance materials 
  Total 

 
 

14,000 
6,000 

   2,000 
22,000 

 
 

16,000 
23,000 

  36,000 
75,000 

 
 

28,000 
23,000 

  37,000 
88,000 

Annual Benefits, $/year  
  Electricity 
  Natural Gas Savings 

 
0 

(74,000) 

  
(200,000) 

(74,000) 

  
(148,000) 

(71,000) 

Present Worth Costs, $ 
  Capital Costs 
  Annual Costs 
  Annual Savings 
  Total Annual Cost (Savings) 
  PW Annual Cost (Savings) 
  PW Total Cost (Savings) 
  Annualized PW (Savings) 

 
530,000 

22,000 
(74,000) 
(52,000) 

(648,000) 
(118,000) 

(9,000) 

 
1,570,000 

135,000 
(274,000) 
(139,000) 

(1,732,000) 
(162,000) 

(13,000) 

 
1,860,000 

125,000 
(219,000) 

(97,000) 
(1,208,000) 

652,000 
52,000 
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Based on the lifecycle costs of the gas utilization options at the Centralized Airport WRF, 
on-site power generation using engine generators may be cost effective.  As shown in 
Table ES9.6, the present worth savings for the Cases 1 and 2 are $118,000 and $162,000 
respectively, and the present worth cost for Case 3 is $652,000.  Based on the results of 
this evaluation, on-site power generation using engine generators is recommended for 
future consideration at a Centralized Airport WRF when the capital cost of the facilities is 
not constrained by funds availability in the City’s CIP.  If future emission restrictions at the 
Centralized Airport WRF require advanced emission control for engine generators, Case 2 
capital and O&M costs will increase significantly and the evaluation should be revisited.    

ES9.5 Regional Biosolids Management 

As part of this project, the team discussed the possibilities/opportunities for a regional 
biosolids handling facility, which could process and provide beneficial end use of biosolids 
from a variety of surrounding communities, including the City of Prescott. In the context of a 
larger regional facility, the potential application of certain technologies becomes significantly 
more viable as capital and O&M costs can be partially offset by factors including economies 
of scale and cogeneration opportunities.  

Contributing communities could share the fiscal responsibility for construction and 
operation, thereby reducing the burden on the individual communities. In addition, the 
resulting high quality biosolids could be redistributed within the participating communities on 
community-owned parks and golf courses, or could potentially be marketed to outside 
agencies or the general public - providing a sustainable market for the beneficial end use 
product. Based on these factors, the possibility of a regional biosolids handling facility was 
evaluated, on a cursory level, as a potential long-term biosolids management strategy. 

The successful implementation of a regional biosolids handling facility would depend 
heavily on the collaboration of various organizations, governing authorities, and local 
communities. Each group would play a significant role in the coordination of the project. 
Currently four of the local communities outside of Prescott have expressed interest in a 
regional biosolids handling facility project. Without the commitment of a majority of the 
communities to treat their undigested sludge at the regional facility, implementation of the 
facility may not be economically justifiable. Table ES9.7 provides a summary of the various 
communities contacted during this evaluation, their current and anticipated solids 
production as well as the general interest in a regional facility. 
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Table ES9.7  Summary of Potential Regional Facility Community Participants  
Technical Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

Community Current Biosolids 
Management 

Practice 

Current 
Biosolids 

Production 
(wet tons/ 

year) 

Estimated 
Future 

Biosolids 
Production (wet 

tons/year) 

Potential 
Interest in 
Regional 
Facility? 

City of Flagstaff Subsurface 
injection Class B 
biosolids 

1,000 (1) N.A. Yes 

City of Sedona Landfill dewatered 
sludge 

1,500 2,500 Yes 

Town of 
Prescott Valley 

Landfill Class B 
biosolids 

4,500 - 5,000 15,000 Yes 

Town of Camp 
Verde 

Landfill dewatered 
sludge 

N.A. N.A. Yes 

Town of Chino 
Valley 

Landfill dewatered 
sludge 

274 1,100 N.A. 

Town of 
Clarkdale 

Landfill disposal of 
lagoon sludge 

N.A. N.A. N.A. 

City of Prescott Land application 
Class B biosolids, 
and landfill 
dewatered sludge 

4,490 21,800 Yes 

Notes: 
(1) To be confirmed 
N.A. = Not available at the time the report was issued. 

 

ES9.6     Conclusions 

ES9.6.1 Biosolids Disposal and Reuse 

The City currently practices land application on agricultural land with Class B biosolids from 
the Sundog WWTP.  Unclassified biosolids from the Airport WRF are currently disposed of 
at a landfill.  Maintaining these disposal and reuse practices represents the most cost-
effective near-term strategy for the City.  In the long-term, landfill disposal costs may 
increase and it will likely be cost effective to implement Class B biosolids stabilization 
facilities at the Airport WRF.  If hauling costs increase dramatically, alternatives that 
significantly reduce the volume for disposal/reuse, such as thermal drying or biosolids-to-
energy may become viable. 
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ES9.6.2 Biosolids Stabilization 

For the near-term and long-term, continued anaerobic digestion is recommended for the 
Sundog WWTP.  At the Airport WRF, continued dewatering and hauling of non-stabilized 
solids is recommended in the near-term.  As the Airport WRF grows in size (5-10 mgd) and 
the costs for landfilling of unclassified biosolids increases, it is recommended that the City 
implement anaerobic digestion for Class B biosolids stabilization.  If centralized treatment at 
the Airport WRF is implemented, anaerobic digestion is recommended for the near-term 
and long-term to achieve Class B biosolids. Should a regional biosolids facility becomes a 
reality, alternatives to achieve Class A biosolids such as composting, thermal drying, and 
biosolids-to-energy should be evaluated. 

ES9.6.3 Biogas Utilization 

Continued use of biogas for digester heating at the Sundog WWTP is recommended.  The 
City reports that they are saving approximately $63,000 per year in operating costs by 
eliminating natural gas heating of the digesters.  Currently, on-site power generation is not 
cost-effective at the Sundog WWTP, unless grants or subsidies are available.  If centralized 
treatment at the Airport WRF is implemented, on-site power generation will likely be cost 
effective when the treatment plant wastewater flow reaches approximately 5 mgd.  Finally, if 
electrical power costs increase significantly, on-site power generation should be further 
evaluated for the Sundog WWTP or the Airport WRF (when anaerobic digestion is 
implemented at that facility). 

ES9.6.4 Regional Biosolids Management 

There does not appear to be an immediate opportunity for regional biosolids management 
given the need for significant collaboration between multiple organizations.  The City should 
maintain contact with potential partners in the region, to determine if a regional biosolids 
facility would be practical and economical in the long-term.  There may also be potential 
public-private partnership opportunities in the future with a regional solution to biosolids 
management. 
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INTRODUCTION  
 

1.0 BACKGROUND 
 
Black & Veatch in association with Carollo Engineers was retained by the City of Prescott 
to perform a master plan for wastewater treatment facilities at the Sundog Wastewater 
Treatment Plant (WWTP) and the Airport Water Reclamation Facility (WRF).  The scope 
of work was segmented into four major task groups, as follows: 
 
Part 1 – Sundog WWTP and Airport WRF capacity and Treatment Technology Master 
Plan 
 
Part 2 – Airport WRF New-Term Improvements Design 
 
Part 3 – Sundog WWTP and Airport WRF Biosolids Master Plan 
 
Part 4 – Technically Based Local Limits Study 
 
This document presents the results of Parts 1 and 3.  The Local Limits Study (Part 4) is 
submitted as a separate deliverable.  Part 2 will not be undertaken as the master plan 
recommendation is to replace the existing Airport WRF with a new facility negating the 
need for existing facility near term improvements.   
 
The Technically Based Limits Study is an update of the City’s current local limits used in 
its individual pretreatment program. USEPA 2004 Local Limits Guidance was used in the 
development of the industrial discharge limits.  The preliminary industrial discharge limits 
for metals were established using the Allowable Headworks Loading Method 
recommended by USEPA which incorporates applicable environmental criteria, including 
permit limits, and biosolids disposal requirements. 
 
The Technically Based local Limits Study is submitted as a separate document. 
 

2.0 TREATMENT CAPACITY AND TECHNOLOGY MASTER 
PLAN GOALS AND OBJECTIVES 

 
The wastewater treatment plant master plan effort was undertaken to provide: 
 

 A comprehensive review of the existing facilities, including current influent loading. 

 Establish current treatment capabilities. 
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 Review current regulatory requirements 

 Project future treatment needs; evaluate alternative liquid treatment technologies. 

 Investigate biogas renewable energy opportunities. 

 Provide recommendations for needed expansions and upgrades. 

 Provide conservative preliminary cost estimates for the City’s use in preparing 
capital improvement cut budgets for recommended improvement. 

 Evaluate biosolids management and disposal alternatives. 

 Assess interest amongst Northern Arizona communities in a regional biosolids 
facilities. 

 
Additional local limits study was conducted to establish industrial pretreatment 
requirements in accordance with federal regulations.  The pretreatment study was 
submitted as a separate document. 
 

3.0 MASTER PLAN FORMAT 
 
The master plan was conducted as a series of technical memorandum (TMs).  Following 
this introduction the master plan is presented as a compilation of the following TMs. 

Technical Memorandum No. 1 – Regulatory, Compatibility, and Reliability Requirements 

Technical Memorandum No. 2 – Control System Standards 

Technical Memorandum No. 3S – Sundog WWTP Existing Conditions 

Technical Memorandum No. 3A – Airport WRF Existing Conditions 

Technical Memorandum No. 4 – Flow / Load Projections 

Technical Memorandum No. 5S – Sundog WWTP Alternative Treatment Technologies 

Technical Memorandum No. 5A – Airport WRF Alternative Treatment Technologies 

Technical Memorandum No. 6 – Airport WRF Centralized Treatment Feasibility Analysis 

Technical Memorandum No. 7 – Tertiary Filtration Evaluation 

Technical Memorandum No. 8 – Biosolids Planning Conditions 

Technical Memorandum No. 9 – Biosolids Alternatives Evaluation 
 

4.0 EXISTING WASTEWATER TREATMENT FACILITIES 
OVERVIEW 

 
Prescott operates two wastewater treatment / reclamation plants, as shown on Figure 1. 
The Sundog WWTP currently receives the majority of wastewater from downtown and the 
more established areas of Prescott.  The Airport WRF serves newer developed areas to 
the north and northwest.  Effluent produced in excess of the irrigation demand is 
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recharged in percolation ponds near the Airport WRF to establish artificial recharge credits 
in the underlying aquifer. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1  Sundog WWTP and Airport WRF Location and Service Areas 

 

4.1 Plant Histories 
 
The Sundog WWTP was originally constructed as an extended aeration oxidation ditch 
plant with an average annual capacity of 1.7 mgd.  The plant treatment was later modified 
in 1989 to a conventional high rate activated sludge process with addition of anoxic zones 
for biological nitrogen removal.  Anaerobic digesters were also added for sludge 
stabilization and the design plant capacity was increased to 6.0 mgd of average annual 
treatment capacity.  The City later added a belt press in a temporary building for 
mechanical sludge dewatering to replace solar drying on sludge drying beds. 
 
The Airport WRF was originally constructed as an extended aeration oxidation ditch 
facility.  The process was modified in to a high rate activated sludge process with 
incorporation of anoxic and oxic zones for biological nitrogen removal. 
 
A more detailed description of the existing facilities at each plant are presented in TM 3S 
for the Sundog WWTP and TM 3A for the Airport WRF.  An assessment for treatment 
capacity based on current influent conditions are included. 
 
 

Airport WRF

Sundog WWTP

Collection
Basin Divide
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5.0 COORDINATION WITH PREVIOUS STUDIES 
 
Prior to this Wastewater Treatment Capacity and Technology Master Plan, Prescott 
commissioned the completion of a comprehensive water distribution and wastewater 
collection master plan.  That effort included projections of future population growth and 
wastewater flows tributary to each of the wastewater treatment plants.  The projections 
developed in the previous master plan are used for treatment plant recommendations 
developed in this treatment capacity and technology master plan. 
 
The previous master plan also identified infiltration and inflow as a major source of peak 
flows in the wastewater collection system and the general areas of highest concern.  
Managing peak storm water flows at the treatment plants is a major issue.  Assessment of 
storm related infiltration and inflow and associated facility recommendations are presented 
in TM 4. 
 

6.0 BASIS OF COST ESTIMATING 
 
Cost estimates are a critical component of the master plan for 1) comparing various 
alternatives and 2) providing the City with estimates to be used for budgeting 
recommended improvements.  Cost estimates for master plans is challenging.  The goal is 
to provide estimates that are as accurate as possible without the benefit of design 
definition for the recommendations.  In general, our goal is to provide conservative 
estimates supported by industry accepted techniques for master planning estimates. 
 

6.1 Estimating Accuracy 
 
The level of accuracy for construction cost estimates varies depending on the level of 
detail to which the project has been defined.  Feasibility studies and master plans 
represent the lowest level of accuracy, while pre-bid estimates (based on detailed plans 
and specifications) represent the highest level.  The American Association of Cost 
Engineers (AACE) has developed the following guidelines for the various types of 
estimates. 

Type of Estimate Estimate Class Anticipated Accuracy 

Order-of-Magnitude  

(Feasibility Study) 
5 +50% to -30% 

Budgetary Estimate 

(Predesign Report) 
3, 4 +30% to -15% 

Definitive Estimate  

(Pre-Bid) 
1, 2 +15% to -5% 
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The anticipated total construction costs presented this Wastewater treatment Capacity 
and Technology Master Plan should be considered a budgetary estimate level of 
accuracy, and are Class 4 according to AACE cost estimate classification definitions. 
 
6.1.1 Capital Costs 
 
The total estimated construction costs presented herein are based on cost information for 
similar projects in the state of Arizona, budgetary quotes for some of the major equipment, 
and take-offs for major structures.  Cost information obtained from previous reference 
projects was escalated to April 2010 using the Engineering News Record (ENR) 
Construction cost Index (CCI) for the 20-Cities Average, based on the reported April 2010 
CCI value of 8677. 
 
The estimated construction costs were estimated adding 20 percent contingency, general 
contractor overhead, profit and risk fees at 15 percent, and sales tax at 5.0 percent of the 
total direct cost.  No adjustment to mid-point of construction has been considered due to 
the uncertainly of the timing for improvements. 
 
6.1.2 Operations and Maintenance Costs 
 
Operations and maintenance costs were based on estimated costs for power 
consumption, chemical usage and labor requirements.  Power consumption estimates 
were based on process operation at annual average day conditions, with estimated 
equipment horsepower and assumed efficiencies.  Chemical usage was based on typical 
usage at similar-sized facilities.  Labor requirements were estimated based on the “The 
Northeast Guide for Estimating Staffing at Publicly and Privately Owned Wastewater 
Treatment Plants” (New England Interstate Water Pollution Control Commission, 
November 2008), and adjusted for staffing in similar-sized facilities and staffing levels at 
the City’s treatment facilities. 
 

6.2 Conservative Technology Selections 
 
Selection of some specific treatment technologies is beyond the scope of this master plan 
and it is more appropriate to provide a detailed evaluation for selection during preliminary 
design.  Examples are the specific technology recommended for plant disinfection and 
solids dewatering.  Where several technologies are available, our approach to developing 
treatment plant cost estimates is to present the alternatives, select the higher cost 
alternative to be conservative and recommend further study during for those components 
during detailed design. 
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Examples are the specific technology recommended for plant disinfection and solids 
dewatering.  Where several technologies are available, our approach to developing 
treatment plant cost estimates is to present the alternatives, select the higher cost 
alternatives to be conservative and recommend further study for those components during 
detailed design. 
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ES1 TM 1 – REGULATORY, COMPATIBILITY AND  
 RELIABILITY REQUIREMENTS  
 

ES1.1 Introduction 

Existing and future regulatory requirements affect the planning and design of future 
treatment facilities at the Sundog WWTP and Airport WRF. An analysis of regulatory and 
reliability requirements was performed for aspects that included effluent quality, odor 
control, and process redundancy, as well as potential future regulatory requirements on 
emerging issues related to liquids treatment.  

ES1.2 Existing Effluent Quality Requirements 

Current discharge permit limits are summarized in Table ES1.1.  

The City is currently reusing and/or recharging (depending on seasonal irrigation usage) all 
of its reclaimed water. If the City ever considers surface water discharge as an effluent 
disposal method, an AZPDES permit would be required, and the numerical standards 
associated with the surface water discharge regulations would need to be further evaluated. 
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Table ES1.1 Current Discharge Permit Limits  
Technical Memorandum No. 1 - Regulatory, Compatibility, and 
Reliability Requirements 
City of Prescott, Arizona 

Criteria Sundog WWTP (1) Airport WRF (2) 

Flow, mgd   

Average monthly 6.0 2.2 (3) 

Daily Not established Not established 

Effluent Quality Classification Class B+ Class B+ 

Total Nitrogen, mg/L   

Maximum limit (4) 10 10 

Alert level 8 8 

Turbidity, NTU N.A. N.A. 

Fecal Coliform, cfu/100 mL   

Four of last seven samples 200 200 

Single sample maximum 800 800 

Notes: 
(1) Amendment to Aquifer Protection Permit No. P-100353, LTF No. 22654, August 19, 2002. 
(2) Amendment to Aquifer Protection Permit No. P-101733, LTF 46504, August 18, 2009. 
(3) The infiltration basins at the Airport WRF are permitted for a maximum monthly average flow of 

4.4 mgd, combined from both facilities. 
(4) Based on a 5-month geometric mean of the results of the 5 most recent samples. 

ES1.3 Water Quality Standards and Regulatory Requirements 

Any significant major expansion at the Sundog WWTP and the Airport WRF will require 
compliance with ADEQ Best Available Demonstrated Technologies (BADCT) requirements. 
The technology assessment performed for this master plan considered technologies that 
are capable of achieving the minimum effluent water quality parameters specified per 
BADCT standards.  

Table ES1.2 summarizes the different requirements for Class A+, B+, and C quality 
reclaimed water. It is important to note that BADCT disinfection requirements are 
essentially equivalent to the Class A+ quality requirements for new or expanded facilities 
with design flows above 250,000 gpd, such as the Sundog WWTP and the Airport WRF. 
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Table ES1.2 ADEQ Reclaimed Water Quality Standards 
Technical Memorandum No. 1 - Regulatory, Compatibility, and 
Reliability Requirements 
City of Prescott, Arizona 

Parameter 

Effluent Limits 

Class A+ (1) Class B+ (2) Class C (3) 

Secondary treatment  X X Stabilization ponds 
with 20-day detention

Filtration  X NR NR 

Denitrification X X NR 

Disinfection  X X With or without 

Total Nitrogen (as N) (4) < 10 mg/L < 10 mg/L N/A 

Turbidity    

 Daily (24-hour) average 2 NTU N/A N/A 

 Single sample maximum 5 NTU N/A N/A 

Fecal Coliform    

 Single sample maximum 23 cfu/100 mL 800 cfu/100 mL 4,000 cfu/100 mL 

 Four out of last seven daily 
samples 

None detect 200 cfu/100 mL 1,000 cfu/100 mL 

Notes: 
X = Requirement 
NR = Not Requirement 
(1) Reference: A.A.C. R-18-11-303 
(2) Reference: A.A.C. R-18-11-305 
(3) Reference: A.A.C. R-18-11-307 
(4) Five sample geometric mean 

Total trihalomethanes (TTHMs) are disinfection byproducts associated with the use of 
chlorine. There is no current numerical standard for TTHMs in Arizona for reuse, even 
though BADCT and Class A+ Reuse Rules both require minimization of TTHMs. For 
recharge, the A.A.C. requires that any water discharged to a drinking water aquifer must 
meet the drinking water quality standards. Therefore, a TTHM level of 80 µg/L (Stage 2 
Disinfection / Disinfection By-Product Rules) applies to the recharge water. 

Endocrine disruptors, pharmaceuticals, and personal care products are contaminants that 
could be regulated in the future. It is too early in the regulatory process to determine which 
contaminants may be regulated and to what level. However, the City should be aware of 
these contaminants and understand the impacts of possible future regulations. 

Salt build-up in some areas of Arizona (such as the Phoenix metropolitan area) is a growing 
concern. Salt levels become more concentrated as water is used and reclaimed. Because 
the potential for reuse opportunities of reclaimed water diminishes (especially for irrigation 
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uses) as salt concentrations rise, it is important to recognize the importance of controlling 
salt build-up in the future. 

ES1.4 Odor and Noise Control 

BADCT requirements establish that minimum setbacks must be maintained for water 
reclamation facilities. A setback of 1,000 feet should be maintained if no odor, noise or 
aesthetic controls are provided. A setback of 350 feet should be maintained if full noise, 
odor, and aesthetic controls are provided. These setbacks can be decreased if allowed by 
local ordinances, or if waivers are obtained from affected property owners. 

Odor control measures will likely be required at both facilities per BADCT requirements. 
The majority of the odors originate from headworks, primary sedimentation, and solids 
handling processes, and special emphasis should be placed in providing odor control for 
those facilities in future plant expansions and improvements.  

ES1.5 Reliability Requirements 

Reliability and redundancy in the treatment process should be included in future designs, in 
order to provide the ability to comply with the required effluent quality goals even at times 
when process units are temporarily taken out of service for maintenance or repair.  
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1.0 INTRODUCTION 

This technical memorandum is part of the Master Planning, Design, and Local Limits project 
for the City of Prescott Airport Wastewater Reclamation Facility (WRF) and Sundog 
Wastewater Treatment Plant (WWTP). Technical Memorandum (TM) No. 1 addresses Task 
Group 200 - Regulatory / Compatibility / Reliability Requirements, with the exception of 
Task 204 (SCADA requirements), which is addressed in a separate Technical 
Memorandum.  

The main objectives of TM No. 1 are:  

 To summarize the existing Aquifer Protection Permits at the Airport WRF and the 
Sundog WWTP to establish the current effluent quality requirements; 

 To review water reuse and recharge regulatory trends, in order to identify potential 
future requirements at the City’s wastewater treatment facilities; 

 To review and summarize regulatory requirements for odor control, in order to 
identify future requirements at the City’s wastewater treatment facilities; and 

 To summarize process redundancy requirements, including standby power as well 
as unit process redundancy. 

1.1 Reference Documents 

The following reference documents were used for the preparation of this Technical 
Memorandum No. 1: 

 Sundog WWTP Aquifer Protection Permit. Amendment to Aquifer Protection Permit 
No. P-100353, LTF No. 22654, August 19, 2002. 

 Airport WRF and Recharge Basins Aquifer Protection Permit. Amendment to APP, 
LTF 46504, August 18, 2009. 

 Arizona Administrative Code, Title 18 - Environmental Quality. Chapter 9, 
Supplement 05-3. Chapter 11, Supplement 03-1. State of Arizona. 

 Engineering Bulletin No. 11 - Minimum Requirements for Design, Submission of 
Plans and Specifications of Sewage Works, Arizona Department of Environmental 
Quality, July 1978. 

 Recommended Standards for Wastewater Facilities, Wastewater Committee of the 
Great Lakes - Upper Mississippi River Board of State and Provincial Public Health 
and Environmental Managers, 2004 Edition. 

 Ultraviolet Disinfection Guidelines for Drinking Water and Water Reuse, Second 
Edition. National Water Research Institute and Awwa Research Foundation, May 
2003. 

 Guidelines for Water Reuse, United States Environmental Protection Agency, 
September 2004. 
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2.0 EXISTING EFFLUENT QUALITY REQUIREMENTS 

The Sundog WWTP currently has a permitted capacity of 6.0 million gallons per day (mgd) 
monthly average flow. The Airport WRF currently has a permitted capacity of 2.2 mgd 
monthly average flow. The recharge basins at the Airport WRF site are permitted to receive 
effluent from both the Airport WRF and the Sundog WWTP, with a maximum permitted 
capacity of 4.4 mgd as a monthly average flow combined from the two facilities.  

The Sundog WWTP and the Airport WRF are currently permitted to produce Class B+ 
quality effluent, according to their current Aquifer Protection Permits (APP), issued by the 
Arizona Department of Environmental Quality (ADEQ). The most recent amendment to the 
current APP for the Airport WRF was signed on August 18, 2009, and includes the recent 
replacement of the belt filter press sludge dewatering system with a centrifuge sludge 
dewatering system. The most recent amendment to the Sundog WWTP APP was 
completed in 2002. Effluent from both facilities is currently being recharged into the aquifer 
and/or reused per applicable Class B+ uses such as golf course irrigation and construction 
materials washing. The permit requirements for both facilities are summarized in Table 1.1.  
 

Table 1.1 Current Discharge Permit Limits  
Technical Memorandum No. 1 - Regulatory, Compatibility, and 
Reliability Requirements 
City of Prescott, Arizona 

Criteria Sundog WWTP (1) Airport WRF (2) 

Flow, mgd   

Average monthly 6.0 2.2 (3) 

Daily Not established Not established 

Effluent Quality Classification Class B+ Class B+ 

Total Nitrogen, mg/L   

Maximum limit (4) 10 10 

Alert level 8 8 

Turbidity, NTU N.A. N.A. 

Fecal Coliform, cfu/100 mL   

Four of last seven samples 200 200 

Single sample maximum 800 800 

Notes: 
(1) Amendment to Aquifer Protection Permit No. P-100353, LTF No. 22654, August 19, 2002. 
(2) Amendment to Aquifer Protection Permit No. P-101733, LTF 46504, August 18, 2009. 
(3) The infiltration basins at the Airport WRF are permitted for a maximum monthly average flow of 

4.4 mgd, combined from both facilities. 
(4) Based on a 5-month geometric mean of the results of the 5 most recent samples. 
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3.0 WATER QUALITY STANDARDS AND REGULATORY 
REQUIREMENTS 

Water quality standards for reclaimed water depend on the intended use of the effluent of 
water reclamation facilities. The purpose of this section is to provide a general overview of 
the current regulatory environment, and to identify water quality requirements for future 
expansion at the Sundog WWTP and the Airport WRF. 

3.1 National Pollutant Discharge Elimination System (NPDES) Program 

The National Pollutant Discharge Elimination System (NPDES), established by USEPA, is a 
permitting program that establishes requirements for wastewater effluent discharge to water 
bodies. The NPDES is enforced through monitoring and reporting. NPDES permits are site-
specific discharge standards that incorporate Federal Clean Water Act mandates and the 
State Surface Water Quality Standards. On December 5, 2002, Arizona became one of 
45 states with authorization from EPA to operate the NPDES Permit Program (Section 402 
of the Clean Water Act) on the state level.  

Under the Arizona Pollutant Discharge Elimination System (AZPDES) Permit Program, all 
facilities that discharge pollutants from any point source into waters of the United States 
(navigable waters) are required to obtain or seek coverage under an AZPDES permit. 
Pollutants can enter waters of the United States from a variety of pathways, including 
agricultural, domestic, and industrial sources. For regulatory purposes, these sources are 
generally categorized as either point source or non-point sources. ADEQ developed rules 
for the AZPDES program in 2001, and revised them in 2002 and 2004. The most recent 
revision was published in the Arizona Administrative Code (A.A.C.) on December 26, 2003, 
with an effective date of February 4, 2004.  

ADEQ recently completed a triennial review of surface water quality standards. ADEQ 
submitted a Notice of Final Rulemaking for Surface Water Quality Standards to the 
Governor’s Regulatory Review Council (GRCC) in December 2008, and was published in 
the Arizona Administrative Register (A.A.R.), Volume 14, Issue 52.  

A.A.C. R-18-11 sets the numerical water quality standards for surface waters within the 
state. When discharging to surface waters, the applicable numerical standards apply 
depending on the specific conditions of the receiving water body. Among the many 
parameters listed in A.A.C. R-18-11, nutrients such as nitrogen (including ammonia) and 
phosphorous can significantly impact the treatment technology selection.  

The City is currently reusing and/or recharging (depending on seasonal irrigation usage) all 
of its reclaimed water; therefore, the surface water quality standards requirements are 
currently not applied to the treatment plants discharge permits. If the City ever considers 
surface water discharge as an effluent disposal method, an AZPDES permit would be 
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required, and the numerical standards associated with the surface water discharge would 
need to be met. 

3.2 Federal Guidelines for Reclaimed Water Reuse 

There are currently no federal regulations for reclaimed water reuse applications. In 2004, 
the USEPA suggested guidelines for reclaimed water quality standards for various reuse 
categories (Guidelines for Water Reuse, USEPA, September 2004). There is a tendency to 
use the Safe Drinking Water Act (SDWA) National Primary Drinking Water Regulations 
(NPDWRs) while defining requirements for reclaimed water that is used for potable reuse. 
Current drinking water standards, however, were developed based on freshwater sources, 
and were not based on municipal wastewater as a source. Furthermore, none of the 
emerging constituents of concern, including endocrine disruptors, pharmaceuticals, 
personal care products and hormones, are currently regulated by maximum contaminant 
levels in the SDWA. 

3.3 Reclaimed Water Reuse Regulations in Other States 

The USEPA published the Guidelines for Water Reuse in September of 2004. This 
comprehensive document presents a global perspective on water reuse practices and 
regulations across the Unites States, among other water reuse topics.  

The leading states in terms of water reuse applications and regulations are Arizona, 
California, Colorado, Florida, Hawaii, Nevada, New Jersey, Oregon, Texas, Utah, and 
Washington. These states have extensive regulations or guidelines that prescribe 
requirements for a wide range of end uses of the reclaimed water. The reused water quality 
required in these states depends on the end use. End uses with a high risk of public 
exposure typically require a higher degree of treatment.  

The main parameters regulated in water reuse applications include Biological Oxygen 
Demand (BOD), Total Suspended Solids (TSS), turbidity, and coliform counts. Table 1.2 
summarizes treatment requirements for unrestricted urban reuse in some of the states that 
lead the country in water reuse practices and regulations. Table 1.3 summarizes treatment 
requirements for restricted urban reuse. The comparison of the required qualities shows 
that some states apply more stringent water reuse standards for high-risk public exposure 
applications. A comparison of water reuse quality requirement for other end uses such as 
agricultural, recreational, industrial, and wetlands is also presented in the Guidelines for 
Water Reuse document (USEPA, 2004). 
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Table 1.2 Reused Water Quality Parameters for Unrestricted Urban Reuse 
Technical Memorandum No. 1 - Regulatory, Compatibility, and Reliability Requirements 
City of Prescott, Arizona 

 Treatment (1) 

BOD (1) TSS (1) Turbidity (1) Coliform (1) 

(mg/L) (mg/L) (NTU) Type (CFU/100 mL) 

Arizona Secondary treatment, 
filtration and disinfection 

N.S. (2) N.S. (2) 2 (avg) 5 (max) Fecal Non detect (avg) 23 (max) 

California Oxidized, coagulated, 
filtered, and disinfected 

N.S. (2) N.S. (2) 2 (avg) 5 (max) Total 2.2 (avg) 23 (max in 
30 days) 

Florida Secondary treatment, 
filtration and high-level 
disinfection 

20 
(CBOD5) 

5.0 N.S. (2) Fecal 75% of samples 
below detection 

25 (max) 

Hawaii Oxidized, filtered, and 
disinfected 

N.S. (2) N.S. (2) 2 (max) Fecal 2.2 (avg) 23 (max in 
30 days) 

Nevada Secondary treatment, and 
disinfection 

30 N.S. (2) N.S. (2) Fecal 2.2 (avg) 23 (max) 

Texas N.S. (2) 5 N.S. (2) 3 Fecal 20 (avg) 75 (max) 

Washington Oxidized, coagulated, 
filtered, and disinfected 

30 30 2 (avg) 5 (max) Total 2.2 (avg) 23 (max) 

Notes: 
(1) Information from Guidelines for Water Reuse, USEPA, September 2004. 
(2) Not specified in state regulations. 
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Table 1.3 Reused Water Quality Parameters for Restricted Urban Reuse 
Technical Memorandum No. 1 - Regulatory, Compatibility, and Reliability Requirements 
City of Prescott, Arizona 

 Treatment (1) 

BOD (1) TSS (1) Turbidity (1) Coliform (1) 

(mg/L) (mg/L) (NTU) Type (CFU/100 mL) 

Arizona 
Secondary treatment, and 
disinfection N.S. (2) N.S. (2) N.S. (2) Fecal 200 (avg) 800 (max) 

California Secondary - 23, oxidized, 
and disinfected 

N.S. (2) N.S. (2) N.S. (2) Total 23 (avg) 240 (max 
in 30 days) 

Florida Secondary treatment, 
filtration and high-level 
disinfection 

20 
(CBOD5) 

5.0 N.S. (2) Fecal 75% of samples 
below detection 

25 (max) 

Hawaii Oxidized and disinfected N.S. (2) N.S. (2) 2 (max) Fecal 23 (avg) 200 (max) 

Nevada Secondary treatment and 
disinfection 

30 N.S. (2) N.S. (2) Fecal 23 (avg) 240 (max) 

Texas N.S. (2) 20 N.S. (2) 3 Fecal 200 (avg) 800 (max) 

Washington Oxidized and disinfected 30 30 2 (avg) 5 (max) Total 23 (avg) 240 (max) 

Notes: 
(1) Information from Guidelines for Water Reuse, USEPA, September 2004. 
(2) Not specified in state regulations. 
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3.4 ADEQ BADCT Requirement 

ADEQ sets forth the regulations pertaining to wastewater treatment effluent quality and 
effluent management in Arizona. The recent ADEQ rules require that wastewater treatment 
plants in the State of Arizona must meet the conditions of Best Available Demonstrated 
Control Technology (BADCT). Treated effluent must (at a minimum) meet or exceed the 
current standards set forth in the Arizona Administrative Code (A.A.C.), specifically as 
defined in A.A.C. R-18-9 and A.A.C. R-18-11. The BADCT treatment performance 
requirements are presented in Table 1.4. 
 

Table 1.4 ADEQ BADCT Effluent Requirements 
Technical Memorandum No. 1 - Regulatory, Compatibility, and 
Reliability Requirements 
City of Prescott, Arizona 

Parameters 

Effluent Limits (1) 

Average Daily Flow 
<250,000 gpd 

Average Daily Flow 
>250,000 gpd 

pH 6.0 - 9.0 6.0 - 9.0 

BOD (30 day average) < 30 mg/L < 30 mg/L 

BOD (7 day average) < 45 mg/L < 45 mg/L 

TSS (30 day average) < 30 mg/L < 30 mg/L 

TSS (7 day average) < 45 mg/L < 45 mg/L 

Removal Efficiency for BOD, cBOD, TSS 85% 85% 

Total Nitrogen (as N) (2)(3) < 10 mg/L < 10 mg/L 

Fecal Coliform (3)   

 Single sample maximum 800 cfu/100 mL 23 cfu/100 mL 

 Four of seven daily samples in one 
week 

200 cfu/100 mL Non detect 

R18-11-406(B-G) constituents Numeric water quality standards must be met 

A.R.S. 49-243(I) regulated chemicals Removal to greatest extent possible 
without regard to cost 

Trihalomethanes Minimize THM compounds generated as 
disinfection byproducts 

Notes: 
(1) Reference: A.A.C. R-18-9-B204. 
(2) Five-month rolling geometric mean. 
(3) BADCT standards allow for soil aquifer treatment if it can be proven that the required level of 

treatment is reached prior to effluent interfacing with the groundwater.  
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BADCT requirements apply not only to new wastewater treatment plants, but also to 
wastewater treatment plants that undergo major modifications or expand their treatment 
capacity as defined in A.A.C. R-18-9-B206. There are two conditions that require an 
existing facility to comply with current BADCT requirements as presented in Table 1.: 

 An increase in the design flow. The minimum design flow increase that triggers 
BADCT requirements depends on the permitted design flow of a wastewater 
treatment plant (A.A.C. R-18-9-A211). For the Sundog WWTP, a 4 percent increase 
in the design flow (flow above 6.24 mgd) will require compliance with current BADCT 
requirements. For the Airport WRF, compliance with current BADCT requirements is 
triggered with a 6 percent increase in the design flow (flow above 2.33 mgd). 

 Addition of major facilities. Requirements in A.A.C. R-18-9-B206 state that “An 
addition of a physically separate process or major piece of production equipment, 
building, or structure that causes a separate discharge to the extent that the 
treatment performance requirements for the pollutants addressed in A.A.C. R-18-9-
B204 can practicably be achieved by the addition.” The pollutants in A.A.C. R-18-9-
B204 were presented in Table 1.4. 

Therefore, it is expected that any significant major expansion at the Sundog WWTP and the 
Airport WRF will require compliance with ADEQ BADCT requirements. The technology 
assessment performed under this project shall only consider technologies that are capable 
of achieving these minimum effluent parameters. 

3.5 ADEQ Reuse Applications  

The required quality of treated effluent is dependent on the intended end use of the 
reclaimed water. The ADEQ reuse regulations categorize reclaimed water into three main 
classes: A, B or C effluent. In addition, if nitrogen removal is provided, then the water can 
be classified as A+ or B+. A+ water essentially has unlimited options for water reuse 
applications (except for potable water supply), while B+, though unacceptable for use at 
schools, parks and recreational lakes, is adequate for golf courses, and other restricted-
access landscape irrigation uses. Table 1.5 summarizes some of the acceptable reuse 
applications included in Table A of A.A.C. R-18-11.  

Table 1.5 ADEQ Minimum Reclaimed Water Quality Requirements 
Technical Memorandum No. 1 - Regulatory, Compatibility, and 
Reliability Requirements 
City of Prescott, Arizona 

Type of Direct Reuse (1) Minimum Required Quality (1) 

Irrigation of food crops A 

Residential / school ground landscape irrigation A 

Open-access landscape irrigation A 

Fire protection systems A 
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Table 1.5 ADEQ Minimum Reclaimed Water Quality Requirements 
Technical Memorandum No. 1 - Regulatory, Compatibility, and 
Reliability Requirements 
City of Prescott, Arizona 

Type of Direct Reuse (1) Minimum Required Quality (1) 

Vehicle and equipment washing A 

Golf course irrigation B 

Restricted-access landscape irrigation B 

Soil compaction and similar construction activities B 

Concrete and cement mixing B 

Materials washing and sieving B 

Note: 
(1) Reference: A.A.C. R-18-11. Only a partial list is included. 

The main difference between Class A+ and B+ reclaimed water quality, in terms of 
treatment requirements, is the level of tertiary filtration and disinfection required. Table 1.6 
summarizes the different requirements for Class A+, B+, and C quality reclaimed water. It is 
important to note that BADCT requirements (Table 1.) are essentially equivalent to the 
Class A+ quality requirements for new or expanded facilities with design flows above 
250,000 gpd, such as the Sundog WWTP and the Airport WRF. 

3.6 Disinfection and Disinfection Byproduct Requirements 

3.6.1 ADEQ Disinfection Requirements  

According to the A.A.C. Title 18 Chapter 9 (R-18-9-B204), no fecal coliforms (four of last 
seven daily samples) and less than 23 colony forming units per 100 mL (single sample 
maximum) are required to prove a facility is meeting the disinfection requirements of ADEQ 
BADCT for treatment facilities greater than 250,000 gpd. Unit treatment processes, such as 
chlorination-dechlorination, ultraviolet disinfection, and ozone, may be used to achieve this 
standard. Alternatively, ADEQ may approve soil aquifer treatment for the removal of fecal 
coliform as an alternative to meeting the disinfection requirement. This requires the permit 
applicant to document performance of the site in a design report or hydrogeologic report.  
 



 
 

                                                                                   1-10                                                      03/16/2011     In Association with   

Table 1.6 ADEQ Reclaimed Water Quality Standards 
Technical Memorandum No. 1 - Regulatory, Compatibility, and 
Reliability Requirements 
City of Prescott, Arizona 

Parameter 

Effluent Limits 

Class A+ (1) Class B+ (2) Class C (3) 

Secondary treatment  X X Stabilization ponds 
with 20-day detention

Filtration  X NR NR 

Denitrification X X NR 

Disinfection  X X With or without 

Total Nitrogen (as N) (4) < 10 mg/L < 10 mg/L N/A 

Turbidity    

 Daily (24-hour) average 2 NTU N/A N/A 

 Single sample maximum 5 NTU N/A N/A 

Fecal Coliform    

 Single sample maximum 23 cfu/100 mL 800 cfu/100 mL 4,000 cfu/100 mL 

 Four out of last seven daily 
samples 

None detect 200 cfu/100 mL 1,000 cfu/100 mL 

Notes: 
X = Requirement 
NR = Not Requirement 
(1) Reference: A.A.C. R-18-11-303 
(2) Reference: A.A.C. R-18-11-305 
(3) Reference: A.A.C. R-18-11-307 
(4) Five sample geometric mean 

3.6.2 ADEQ Disinfection By-Product Requirements 

As part of the BADCT requirements, the A.A.C. requires all new sewage treatment facilities 
to minimize total trihalomethanes (TTHMs) generated as disinfection byproducts to the 
greatest extent practical, regardless of cost. The requirement can be met using chlorination, 
dechlorination, ultraviolet, or ozone as the disinfection system, or through implementation of 
a technology demonstrated to have equivalent or better performance for removing or 
preventing TTHMs.  

There is no current numerical standard for TTHMs in Arizona for reuse, even though 
BADCT and Class A+ Reuse Rules both require minimization of TTHMs.  
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For recharge, the A.A.C. requires that any water discharged to a drinking water aquifer 
must meet the drinking water quality standards. Therefore, a TTHM level of 80 µg/L 
(Stage 2 Disinfection / Disinfection By-Product Rules) applies to the recharge water. 
Although surrogate studies indicated efficient removal of TTHMs to ambient concentrations 
after 6 months of travel time, reduction of TTHM via soil aquifer treatment has not been well 
assessed (An Investigation of Soil Aquifer Treatment for Sustainable Water Reuse, 
AWWARF, 2001). It is prudent to expect that recharging water with TTHM level exceeding 
80 µg/L will be subjected to scrutiny and would likely not be approved by regulatory 
authorities. 

3.6.3 Potential Future Requirements on Disinfection and TTHMs 

Concerns about water quality and potential health hazards led to California issuing 
guidelines for groundwater recharge which recommended spreading over injection, 
disinfection prior to recharge, and minimization of DBPs. With the rising public concerns on 
health hazards associated with TTHM formation and non-disinfected recharge water, it is 
anticipated that ADEQ will enact requirements on recharge stream disinfection and TTHM 
compliance in the near future. 

Reclaimed water may exceed the anticipated aquifer water quality standards for reclaimed 
water of 80 µg/L (Stage 2 Disinfection / Disinfection By-Product Rules). TTHM issues are 
typically related to the disinfection method and to presence of disinfection byproduct 
precursors (e.g., TOC, bromide, pH, temperature). Unless disinfection byproduct precursors 
are removed or reduced, the addition of chlorine will cause the formation of TTHMs, which 
when recharged, may exceed aquifer water quality standards. Therefore, we recommend 
evaluating the TTHM formation potential of the Sundog WWTP and Airport WRF effluent as 
part of a disinfection alternatives evaluation. TTHM formation potential tests can help in 
evaluating the viability of chlorination as a disinfection method that meets the anticipated 
aquifer water quality standards for reclaimed water of 80 µg/L. 

3.6.3.1 NWRI UV Design Guidelines 

Disinfection with ultraviolet technology has become a common practice in many states, 
because this technology does not rely on chemical for disinfection and therefore it does not 
generate disinfection byproducts as part of the disinfection process. 

The National Water Research Institute (NWRI) UV Disinfection Guidelines were developed 
in an effort to standardize UV system design among manufacturers and consultants for 
water reuse applications. The California Department of Health Services (DHS) is applying 
the NWRI guidelines of UV disinfection design to meet Title 22 regulations. Many other 
states are currently looking at adopting NWRI guidelines to regulate UV disinfection 
processes.  
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The NWRI UV disinfection guidelines require that UV reactors be validated to prove their 
disinfection capabilities. This is done by evaluating UV dose delivered based on multiple 
factors. For water reuse applications, the standards require differing amounts of UV dose to 
be delivered to the process water depending on the type of filtration.  

3.7 Emerging Contaminants and Reuse 

Emerging contaminants are a class of compounds that include endocrine disruptors, 
pharmaceuticals, and personal care products. These compounds may pose long-term 
health effects even if ingested in small quantities (in the microgram and nanogram/liter 
range). With the advent of new analytical techniques capable of measuring extremely low 
concentrations, numerous trace organic compounds have been detected in treated 
wastewater. Some of the compounds (e.g. N nitrosodimethylamine [NDMA]) that have been 
identified in treated effluents are known to cause acute and chronic health effects 
depending on the concentration. However, the long-term health and environmental effects 
of most emerging contaminants are not yet well understood. 

The United States Geological Survey (U.S.G.S.) completed a nationwide survey in 2000 
that tested for the occurrence of pharmaceuticals, hormones, and other organic wastewater 
contaminants (OWCs) in streams across the U.S. A total of 139 streams in 30 states were 
tested for 95 OWCs using five new research methods developed by the U.S.G.S. All the 
sampling locations selected were located near urban areas. The four sampling locations 
were selected in Arizona including the Santa Cruz River near Rio Rico, the City of Phoenix 
91st Avenue Wastewater Treatment Plant (WWTP) outfall, the Santa Cruz River at Cortaro 
Road, and the Gila River above diversions, at Gillespie Dam. 

At least one OWC was detected in 80 percent of the streams sampled, with 82 of the 95 
analyzed OWCs detected in at least one sample. Steroids, nonprescription drugs, and an 
insect repellent were the three chemical groups most commonly detected in the streams. 
Detergent metabolites, steroids, and plasticizers were generally found at the highest 
concentrations.  

Endocrine disruptors, pharmaceuticals, and personal care product are contaminants that 
could be regulated in the future. Although it is too early in the regulatory process to 
determine which contaminants may be regulated and to what level, the City should be 
aware of these contaminants and understand the impacts of possible future regulations. 
The removal of such contaminants should also be taken into consideration when master 
planning and implementing the advanced treatment processes at the City’s treatment 
facilities. 
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3.8 Emerging Organisms 

Bryozoans are tiny colonial animals that typically build stony skeletons of calcium 
carbonate, superficially similar to coral (although some species lack any calcification in the 
colony and instead have a mucilaginous structure). Members of the Phylum bryozoa are 
known as “moss animals”, “moss animalcules” or “sea mats”. They generally prefer warm, 
tropical waters, but are known to occur worldwide. There are approximately 8,000 living 
species, with several times that number of fossil forms known. 

Several species of freshwater bryozoans are notorious for clogging pipes that carry 
unfiltered water from rivers and lakes. The branching, tubular animal colonies attach firmly 
to any solid substrate, often appearing as clumps of brownish moss. In the last century, 
major cities in Europe and the United States have experienced disruption of public water 
service due to blockages by bryozoans (Kraepelin, 1886).  

Bryozoan biofouling has been reported at multiple water and wastewater treatment facilities 
in the United States, including many local facilities. The City of Tempe Kyrene Water 
Reclamation Facility has been plagued with a microscopic bryozoa organism. Bryozoa 
typically grows in clear water with minimal sunlight. The existing covered final clarifiers, 
filters and effluent channels provided a perfect environment for bryozoa to form sheets of 
sticky growth on the walls. Periodically, the sheets would slough off the walls and quickly 
plug the effluent filters. There is no clear reason why the facility was infected, but the 
operators determined there was not an easy fix beyond methodically cleaning the filters and 
preparing for the next outbreak. The plugging filters resulted in fecal coliform issues and 
high O&M costs associated with the required cleaning.  

At other local facilities, Bryozoa caused problems from fouling secondary clarifiers to 
plugging recharge wells. Moreover, Bryozoa occurrence can compromise disinfection and 
ruin UV lamps.  

Bryozoa is resistant to chemicals such as chlorine. Process control measures including 
lowering the DO may help to reduce its growth. Based on the Kyrene WRF experience, 
membrane filtration may be less vulnerable to bryozoa plugging than conventional filtration. 

3.9 Salinity and Reuse Potential 

3.9.1 Total Dissolved Solids 

TDS is the total quantity of salts dissolved in water and is comprised of anions, such as 
bicarbonate, carbonate, chloride, sulfate, and silica, and cations, such as sodium, calcium, 
and magnesium. TDS originates in natural geologic formations and is concentrated in 
processes such as irrigation return and field run-off, water reclamation, and membrane 
technologies.  
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Salt build-up in some areas of Arizona (such as the Phoenix metropolitan area) is a growing 
concern. Salt levels become more concentrated as water is used and reclaimed. Because 
the potential for reuse opportunities of reclaimed water diminishes (especially for irrigation 
uses) as salt concentrations rise, it is important to understand the importance of controlling 
salt build-up in the future. Due to the importance of establishing and maintaining reclaimed 
water as a viable future water supply, the City must be aware of the effects of increasing 
TDS. TDS removal and concentrate disposal alternatives may need to be examined in the 
future. As more efficient and practical methods of TDS removal and concentrate disposal 
evolve, the City should consider establishment of numerical TDS goals and implementation 
of control measures, as appropriate.  

3.9.2 Whole Effluent Toxicity 

Whole effluent toxicity (WET) describes the toxic effect to aquatic organisms from all 
pollutants found in a wastewater treatment facility’s effluent. WET tests measure 
wastewater's effects on specific test organisms' ability to survive, grow and reproduce. WET 
must be minimized to prohibit the discharge of toxic pollutants in toxic amounts. A chlorine 
level of less than 250 µg/L is recommended to lower the toxicity potential of the effluent.  

The WET methods are specified in 40 CFR 136.3, Table IA. Any effluent parameter that 
meets the WET criteria will have requirements within the NPDES permit to control the toxic 
parameters.  

3.9.3 Reclaimed Water Salinity and Sodium Adsorption Ratio 

Sodium adsorption ratio (SAR) is a measure of the suitability of water for use in agricultural 
irrigation, as determined by the concentrations of solids dissolved in the water. It is also a 
measure of the sodicity of soil, as determined from analysis of water extracted from the soil. 

The formula for calculating sodium adsorption ratio is: 

SAR = [Na+] / {([Ca2+] + [Mg2+]) / 2}1/2 

where sodium, calcium, and magnesium are in mequivalents/liter or mmole/liter. 

Although SAR is only one factor in determining the suitability of water for irrigation, in 
general, the higher the sodium adsorption ratio, the less suitable the water is for irrigation. 
Irrigation using water with a high sodium adsorption ratio may require soil amendments to 
prevent long-term damage to the soil.  

The City should be aware of the effects of reclaimed water recharge on TDS in the 
groundwater supply and resulting soil conditions. The City of Scottsdale has adopted a 
reuse water TDS goal of 1,000 mg/L and a sodium goal of 150 mg/L. As the result of a 
study at a City of Phoenix WRF, a chloride goal of 250 mg/L was proposed for toxicity 
reduction. While treatment may not be required to address salinity, sodium and chloride 
issues in the near term, these reuse water goals could be considered by the City when 
evaluating future available treatment technologies.
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4.0 ODOR AND NOISE CONTROL 

In recent years, the demand for odor and noise control at wastewater treatment facilities 
has increased significantly, as the general public is continuing to exert pressure on public 
officials to reduce odors and noise emitted from the treatment facilities. The purpose of this 
section is to review and summarize the odor and noise control requirements, and the 
implications for expanded wastewater treatment facilities. 

4.1 General Site Aesthetic Regulatory Requirements 

ADEQ has developed specific criteria relative to setback requirements for the design of 
water reclamation facilities. These setback requirements have been recently revised per the 
Arizona Administrative Code Title 18, Chapter 9, Subpart B201 (A.A.C. R-18-9-B201), as 
part of ADEQ’s Aquifer Protection Permits (APP) process, with the associated requirements 
per the Best Available Demonstrated Control Technologies (BADCT) regulations.  

As discussed in Section 3.4, an expansion of the treatment capacities of the Sundog 
WWTP and the Airport WRF will very likely require compliance with current BADCT 
requirements. For facilities with design flows over 1.0 mgd, such as the Sundog WWTP and 
Airport WRF, the minimum setback distances from the nearest property line are as follows: 

 1,000 feet if no odor, noise or aesthetic controls are provided; and 

 350 feet if full noise, odor, and aesthetic controls are provided. 

The setbacks are defined by ADEQ in A.A.C. R-18-9-B201 as follows: “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”. 
According to ADEQ, full noise, odor, and aesthetic control means that: 

 Noise due to the sewage treatment facility does not exceed 50 decibels at the 
facility property boundary on the A network of a sound level meter or a level 
established in a local noise ordinance; 

 All odor-producing components of the sewage treatment facility are fully enclosed; 

 Odor scrubbers or other odor-control devices are installed on all vents; and 

 Fencing aesthetically matched to the area surrounding the facility.  

As regards landscaping, per the ADEQ Engineering Bulletin No. 11, Minimum 
Requirements for Design, Submission of Plans and Specifications of Sewage Works 
(July 1978), “...aesthetic control is defined as landscaping in addition to chain link fences or 
earthen berms.” 
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4.1.1 Setbacks for Existing Facilities 

For wastewater treatment plants built before the existence of the required setbacks 
established in the BADCT requirements, there is a possibility that the minimum setbacks of 
350 feet cannot be met. In those cases, ADEQ still requires that full noise, odor, and 
aesthetic controls be implemented, and that the expanded facilities do not further encroach 
into setback distances that existed before the modifications (A.A.C. R-18-9-B201). 

Setbacks can also be decreased if allowed by local ordinances, or if waivers are obtained 
from affected property owners. Such waivers should include an acknowledgement by the 
affected property owner of the potential for noise and odor from the treatment facility. 

4.1.2 Existing Setbacks 

In order to define the available area for future capacity expansions, it is necessary to 
establish the existing setbacks at each of the City’s wastewater treatment plants. Figure 1.1 
presents the existing plant site of the Airport WRF with a delineation of the property 
boundary line, and a delineation of an internal 350-foot setback measured from the property 
boundary. According to the information obtained from the Yavapai County Assessor's 
database, the properties surrounding the plant site are not owned by the City of Prescott. 
Unless the City obtains signed waivers from owners of property adjacent to the plant site, 
the 350-foot and 1,000-foot setbacks need to be referenced from the plant property 
boundary. 

The shortest setback distance between existing treatment units and the nearest property 
line at the Airport WRF is currently established by the distance between the existing sludge 
drying beds and the property boundary on the east side of the site, which is approximately 
285 feet. None of the existing facilities at the site provides the setback of 1,000 feet 
required for no noise, odor, and aesthetic controls. Therefore, it is anticipated that full noise, 
odor, and aesthetic controls will be required with capacity expansion of the treatment 
facilities. Without signed waivers from adjacent property owners, all odor-producing facilities 
will need to be located within the 350-foot internal setback. The recharge basins are not 
considered odor-producing facilities and can be located outside of the 350-foot internal 
setback. 

Figure 1.2 presents the existing plant site of the Sundog WWTP with a delineation of the 
property boundary line, and a delineation of internal 350-foot and 1,000-foot setbacks 
measured from City of Prescott’s property boundary. According to the information obtained 
from the Yavapai County Assessor’s database, most of the properties surrounding the plant 
site are owned by the City of Prescott. However, there is a property parcel located across 
Sundog Ranch Road, southeast from the previous sludge drying beds, which is owned by 
Yavapai County.  
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The existing headworks and septage receiving facilities at the Sundog WWTP site are the 
only facilities that provide the setback of 1,000 feet required for no noise, odor, and 
aesthetic controls based on the City of Prescott property boundary lines. It is anticipated 
that full noise, odor, and aesthetic controls will be required with capacity expansion of the 
treatment facilities. All odor-producing facilities will need to be located within the 350-foot 
internal setback. The recharge basins are not considered odor-producing facilities and can 
be located outside of the 350-foot internal setback. 

4.1.2.1 Section 404 Permits 

In addition to the required setbacks for noise, odor, and aesthetic controls, Granite Creek 
may define additional setbacks at both sites. Granite Creek runs in the vicinity of both sites, 
and there will be a required area delineated by a defined distance from the centerline of 
Granite Creek dictated by the U.S. Army Corps of Engineers. The U.S. Army Corps of 
Engineers is the federal agency authorized to issue Section 404 Permits for activities 
conducted in U.S. waters. Coordination with the U.S. Army Corps of Engineers will be 
required when defining the required setbacks for the site master planning efforts. These 
setbacks will also affect the available area for construction of treatment facilities at both 
sites. 

4.2 Odor Control Background 

Odor-producing compounds found in domestic wastewater are typically small, relatively 
volatile molecules with molecular weights between 15 and 150. Generally speaking, the 
lower the molecular weight of a compound, the higher the volatility and potential for 
emission to the atmosphere. Substances of high molecular weight tend to be less volatile 
and soluble, but have lower odor thresholds. 

Odors generated from domestic wastewater solids are also relatively low in concentration, 
but high in volume (i.e., highly diluted). Most of these compounds result from the anaerobic 
decomposition of organic matter containing sulfur and nitrogen. Inorganic gases produced 
from this anaerobic decomposition include hydrogen sulfide (H2S), ammonia (NH3), carbon 
dioxide (CO2), and methane (CH4). Other odor-producing substances include organic 
vapors such as mercaptans, indoles, skatoles, and nitrogen-bearing organics.  

The primary offensive odors associated with domestic wastewater are H2S, methyl 
mercaptan, dimethyl sulfide, and dimethyl disulfide. These odors are often characterized by 
the following: 

 Hydrogen sulfide - “rotten eggs” 

 Methyl mercaptan - “decayed cabbage” 

 Dimethyl sulfides - “decayed vegetables” 

In liquid stream treatment, the odors can be significant at the headworks and primary 
sedimentation processes, but tend to lessen with each downstream unit process within the 
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treatment facility. Solids processes tend to produce odors at least one order of magnitude 
greater than the liquid stream. 

Although hydrogen sulfide (H2S) is not the only odorant of concern in wastewater systems, 
it is usually one of the primary odorants and often the most significant, particularly at plant 
inlet facilities. H2S is a colorless gas that is extremely toxic at high concentrations. It is also 
a precursor to the formation of sulfuric acid, which corrodes metals and concrete. Material 
selection for new construction will be particularly important to prevent damage within the 
enclosed areas. Typically, concrete in corrosive environments (e.g., headworks facilities) is 
protected by a high-build corrosion-resistant coating, and materials for equipment, pipe, 
supports, fasteners, and other appurtenances that must be located within enclosed spaces 
are either stainless steel or a suitable plastic. 

H2S typically causes some of the worst odor problems from the public’s perception, 
because it can be sensed at very low concentrations by humans. The practical limit of 
detectability, or odor threshold level, is normally in the range of 1 to 10 parts per billion by 
volume (ppbv) in air. Therefore, it is imperative that all odor sources be contained and 
treated to very low outlet concentrations. Conditions leading to H2S formation generally 
favor the production of other odorous organic compounds. Thus, solving H2S problems can 
often alleviate odors from other compounds as well. 

4.3 Site Odor Control Requirements 

There are three primary areas where odor control will likely be required at both the Sundog 
WWTP and the Airport WRF: 

 Preliminary treatment, including septage receiving station, influent pumping, 
screening, grit removal, and flow splitter structures; 

 Primary treatment, including primary sedimentation basins and flow splitter 
structures; 

 Solids handling and treatment, including blending, thickening, dewatering, loading, 
storage, and grease receiving station.  

An intergovernmental agreement between Yavapai County and the City of Prescott 
(June 2007) establishes the intent to install covers on aeration tanks and construct a 
septage facility building at the Sundog WWTP for the purpose of odor control. This is 
currently under review by the City in light of recent operational changes and this master 
planning project. 
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Typically, secondary treatment process areas (activated sludge basins and secondary 
clarifiers) are not a major source of offensive odors. Aerobic processes (such as activated 
sludge aeration basins) commonly emit a characteristic “musty” odor, volatilized during the 
physical aeration process. Anoxic zones for denitrification of the wastewater tend to 
generate more foul air than aerobic zones. Odor control for the secondary processes is 
sometimes required by ADEQ per BADCT requirements. Therefore, discussions with ADEQ 
during preliminary design are recommended to determine odor control requirements for 
secondary process areas. 

4.3.1 Preliminary Treatment 

At the plant headworks, influent flow is pumped, screened and undergoes grit removal 
processes. The high turbulence produced by pumping, screening, and grit removal 
generally causes odor releases from the liquid streams, particularly H2S.  

There is a septage receiving station at the Sundog WWTP. Due to the anaerobic conditions 
of the received septage, high levels of H2S are usually encountered and can be a significant 
source of odors. A new septage receiving station is anticipated at the Sundog WWTP. Odor 
control for the septage receiving station may be combined with other headworks facilities, 
such as screening and grit removal. 

4.3.2 Primary Treatment Areas 

Primary sedimentation basins usually present high levels of H2S due to anaerobic 
conditions created in the collection system. Primary treatment is usually one of the major 
sources of odor in a wastewater treatment facility, and odor control is typically required to 
meet ADEQ BADCT requirements. Odor control for primary treatment basins may be 
combined with other facilities such as screening, grit removal, and septage receiving 
facilities. 

4.3.3 Solids Handling and Treatment Process Areas 

At the solids handling facilities, primary sludge and waste activated sludge undergo 
thickening, digestion, and dewatering. The sludge handling processes typically produce 
strong odors of reduced sulfur organics and H2S concentrations likely up to 100 ppm 
(typically one order of magnitude higher than that in the headworks).  

4.4 Noise Attenuation Background 

Another important aspect of the “good neighbor” policy involves the assurance that noises 
produced by the treatment facilities will not disturb the surrounding community. Methods to 
reduce or even eliminate potential sources of noise are readily available and should be 
implemented at future expansions of the plants. The various unit processes should involve 
some form of noise attenuation to achieve the goal of reducing sounds generated on the 
plant site. 
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Efforts to provide noise attenuation are typically evaluated on two levels: the health and 
safety of operation personnel, and the comfort and acceptance of the surrounding 
community. In accordance with the A.A.C. BADCT requirements, the design for the 
treatment facilities should incorporate measures for full noise control. 

There are three primary elements in any noise attenuation situation: 

 Source - which generates the noise; 

 Path - which transmits the noise from the source to the receiver; and 

 Receiver - who hears the noise. 

Noise reduction for any facility is based on evaluating these three elements. The impact of 
background noise, including existing environmental, transportation, and community noise 
sources in the absence of any audible construction activities, must also be considered. For 
the Airport and Sundog treatment facilities, reduction of the noise levels at the receiver is 
not practical, except for operations personnel, i.e., hearing protection. Therefore, any noise 
reduction that will be required should first be accomplished by reduction at the source to 
practical limits, followed by additional modifications to the transmission path. 

Noise reduction at the source is dependent on the type of unit process or equipment in 
question. For typical equipment at wastewater treatment facilities, several options are 
available. The most effective solution is to enclose the equipment in buildings or other 
enclosures. This will be the case for many of the pumps, blowers, centrifuges, variable 
frequency drives (VFDs), and other mechanical equipment. Sound attenuation panels can 
be provided on walls and/or ceilings of buildings or structures, where appropriate. For 
extremely high noise generating equipment or equipment located outside buildings or 
enclosures, manufactured noise suppression appurtenances can also be provided. 

 Pumps. Pumps can be provided with motor shrouds and/or increased level of motor 
insulation. For exposed pumps (i.e., effluent vertical turbine pumps), some type of 
sound attenuation wall may be required. 

 Mixers and Drives. Mixers and drives (i.e., clarifier drives, etc.) can also be 
provided with motor shrouds and/or increased level of motor insulation. Some drives 
may be located within the dome covers.  

 Blowers. Blowers will likely generate the highest level of noise. Centrifugal blowers 
are generally quieter than positive displacement blowers. Even within a building 
provided with sound attenuation panels, the blowers can be equipped with inlet and 
outlet silencers. The use of silencers can reduce single-stage centrifugal blowers to 
around 95 dBA at the source. Sound attenuation walls will likely be provided around 
the various odor control system fans. 
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In addition to source reduction methods, a sound barrier (i.e., wall, earthen berm, etc.) can 
be placed in the transmission path between the source and receiver to provide what noise 
control experts term a “shadow zone,” or reduced noise region on the receiver side. The 
shadow zone is limited by the ability of sound to “bend” around surfaces. The performance 
is also limited by reflections and direct transmission through the barrier. 

4.5 Site Noise Attenuation Requirements 

The A.A.C. BADCT for Sewage Treatment Facilities (A.A.C. R-18-9-B201) requires that 
noise due to the sewage treatment facility does not exceed 50 dBA at the facility property 
boundary. The term “dBA” is defined as the sound level (in decibels referenced to 20 micro-
pascals) as measured using the A-weighting network on a sound level meter, in accordance 
with the American National Standards Institute (ANSI) S1.4 Standards.  
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5.0 RELIABILITY REQUIREMENTS 

The main goal of having reliability and redundancy in the treatment process is to provide 
the ability to comply with the required effluent quality goals even at times when process 
units are temporarily taken out of service for maintenance or repair. This includes process 
equipment as well as electrical supply. The purpose of this section is to summarize process 
redundancy requirements as outlined in applicable design guidelines and regulatory 
requirements.  

The main references used for process redundancy requirement recommendations are the 
ADEQ Engineering Bulletin No. 11 and the Recommended Standards for Wastewater 
Facilities, Wastewater Committee of the Great Lakes. 

5.1 Redundancy Requirements 

5.1.1 General 

Bypassing raw sewage around the treatment process is prohibited. However, multiple 
process units should be provided to allow the ability to take a unit process out of service for 
maintenance or repair. 

5.1.2 Emergency Power Requirements 

All wastewater treatment facilities should have the ability to operate critical equipment 
during power failures. Alternate power can be provided via standby power generators, 
separate independent feeders from separate substations, or a loop feeder on separate 
transformers from a common substation. 

Under some circumstances, standby power is not required for aeration equipment used in 
the secondary treatment process. When power outages with durations of more than four 
hours are frequent, standby power will be required for aeration equipment, such that 
minimum aeration is provided during the power outages. 

Standby power to run disinfection equipment is generally required, when stringent 
disinfection requirements are in place. BADCT and Class A+ disinfection requirements 
require non-detect fecal coliform in four out of seven samples. If power outages are 
frequent, standby power for the full capacity of the UV disinfection system should be 
provided. 

Influent and effluent pumping should be operated on standby power if failure to operate 
those pumping units would result in flooding or hazardous conditions.  
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While not critical, other processes that are desirable to run during power outages are 
influent screens and tertiary filters. The horsepower associated with those facilities is 
generally relatively small, but can help in avoiding wastewater overflows (headworks), and 
maintain a good quality tertiary effluent prior to the disinfection units. 

5.1.3 Preliminary Treatment 

Influent pumping capacity should be achieved with multiple units, including a fully redundant 
unit that is not necessary for pumping peak flows. 

Screening facilities should include multiple units, with the ability to take one unit out of 
service and maintain the peak flow treatment capacity. Grit facilities should be provided with 
multiple units, or with a bypass to allow maintenance on a single grit removal unit. 

5.1.4 Primary and Secondary Treatment 

Multiple units or the ability to bypass flows to secondary treatment should be provided for 
primary treatment facilities. Multiple biological treatment basins should be provided. 
Similarly, multiple units should be provided for secondary sedimentation, and allow the 
capability of taking one basin out of service under annual average loading conditions.  

Aeration equipment should include a standby unit that is not required to meet the maximum 
air demand. Return sludge and waste activated sludge pumping should include a fully 
redundant pumping unit. 

5.1.5 Filtration and Disinfection 

Multiple filtration units should be provided, to allow the capability of taking units out of 
service. Disinfection equipment should include sufficient redundancy to maintain the 
required effluent quality with a unit out of service. 
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6.0 SUMMARY 

The main objective of this TM No. 1 was to analyze existing regulatory information that will 
affect the planning and design of future treatment facilities at the Sundog WWTP and 
Airport WRF. The analysis included requirements for effluent quality, odor control, and 
process redundancy, as well as potential future regulatory requirements on emerging 
issues. The main findings are summarized below: 

 The Sundog WWTP and Airport WRF currently have permitted capacities of 6.0 
mgd, and 2.2 mgd monthly average flow, respectively. The recharge basins at the 
Airport WRF site are permitted to receive effluent from both treatment facilities with 
a permitted capacity of 4.4 mgd as a monthly average flow.  

 The Sundog WWTP and the Airport WRF are currently permitted to produce Class 
B+ quality effluent, according to their current Aquifer Protection Permits. Class B+ 
quality is adequate for golf course irrigation, as well as for other restricted-access 
uses such as landscape irrigation and construction-related activities. 

 The City is currently reusing and/or recharging (depending on seasonal irrigation 
usage) all of its reclaimed water. If the City ever considers surface water discharge 
as an effluent disposal method, an AZPDES permit would be required, and the 
numerical standards associated with the surface water discharge regulations would 
need to be met. 

 Any significant major expansion at the Sundog WWTP and the Airport WRF will 
require compliance with ADEQ BADCT requirements. The technology assessment 
performed under this project shall only consider technologies that are capable of 
achieving the minimum effluent water quality parameters specified per BADCT 
standards. Disinfection requirements per BADCT are equivalent to those for Class 
A+ reclaimed water. 

 There is no current numerical standard for TTHMs in Arizona for reuse, even though 
BADCT and Class A+ Reuse Rules both require minimization of TTHMs. For 
recharge, the A.A.C. requires that any water discharged to a drinking water aquifer 
must meet the drinking water quality standards. Therefore, a TTHM level of 80 µg/L 
(Stage 2 Disinfection / Disinfection By-Product Rules) applies to the recharge water. 

 Endocrine disruptors, pharmaceuticals, and personal care product are contaminants 
that could be regulated in the future. It is too early in the regulatory process to 
determine which contaminants may be regulated and to what level. However, the 
City should be aware of these contaminants and understand the impacts of possible 
future regulations. 
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 Salt build-up in some areas of Arizona (such as the Phoenix metropolitan area) is a 
growing concern. Salt levels become more concentrated as water is used and 
reclaimed. Because the potential for reuse opportunities of reclaimed water 
diminishes (especially for irrigation uses) as salt concentrations rise, it is important 
to recognize the importance of controlling salt build-up in the future. 

 BADCT requirements establish that minimum setbacks must be maintained for 
water reclamation facilities. A setback of 1,000 feet should be maintained if no odor, 
noise or aesthetic controls are provided. A setback of 350 feet if full noise, odor, and 
aesthetic controls are provided. These setbacks can be decreased if allowed by 
local ordinances, or if waivers are obtained from affected property owners. 

 Odor control measures will likely be required at both facilities per BADCT 
requirements. The majority of the odors originate from headworks, primary 
sedimentation, and solids handling processes, and special emphasis should be 
placed in providing odor control for those facilities.  

 Reliability and redundancy in the treatment process should be included in future 
designs, in order to provide the ability to comply with the required effluent quality 
goals even at times when process units are temporarily taken out of service for 
maintenance or repair. 
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ES2 TM 2 – CONTROL SYSTEM STANDARDS  

ES2.1 Introduction 

As part of the Sundog WWTP and Airport WRFs Capacity and Technology Master Plan, 
Black & Veatch was tasked with evaluating the City of Prescott Water SCADA system as 
designed for the Big Chino Pipeline Project and provide similar recommendations for 
implementation on the waste water system.  However, the Big Chino Pipeline Project has 
not been constructed and the City of Prescott acknowledged that additional research into a 
standard control system was warranted.   

Therefore, the original task was amended and B&V was asked to document a standard 
approach for design of control systems within the water treatment, wastewater treatment, 
distribution and collection systems such that equipment installed could be easily 
implemented into a future common SCADA system.  A technical memorandum (TM-2 
Control System Standards) would be prepared to document the resulting control system 
standards.   

 
ES2.2 Recommended Control System Standards 

Black & Veatch conducted a workshop at the City of Prescott to gather information 
regarding the specific requirements for future control systems and to determine the 
preferred control philosophies to be incorporated into the technical memorandum.  
Following is a summary of the control system discussions at the workshop and resulting 
standards included in TM-2. 

 TM-2 should be a living document and should be updated as newer products 
become available and as additional City of Prescott standards are developed. 

 A SCADA system software package has not been selected at this time. 

 The City of Prescott staff had completed evaluations of various PLC manufacturers.  
Rockwell Automation Allen-Bradley (AB) is the preferred PLC manufacturer.  TM-2 
identifies the AB Logix control platform and RSLogix 5000 as the required 
programming software.  

 Operator Interface Terminals (OIT), when necessary, should be AB Panelview Plus 
or Direct Automation and shall have Ethernet/IP communication. 

 Control systems should be designed capable of Ethernet/IP communications to 
future SCADA system.  Rockwell Automation Stratix Switch should be included in all 
PLC cabinets.  An example network diagram is included in TM-2. 

 Standard equipment control modes were established for Local, Auto, Remote, and 
SCADA as well as standard lights, alarms and status signals.  
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 Typical control philosophies and standard P&IDs for constant speed pumps, 
variable speed pumps, digital valve actuators and analog valve actuators are 
defined.  These include typical monitoring, control and interlocks. 

 Typical interface requirements for flowmeters, pressure transmitters and analog 
instruments in addition to typical P&IDs are included.  
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1.0 INTRODUCTION 

The City of Prescott (COP) owns and operates numerous water treatment, wastewater 
treatment, distribution, and collection facilities.  These facilities have been constructed over 
the years following different specification and design documents from various consultants, 
leaving the COP with a wide variety of control system philosophies.  The implementation of 
these different philosophies create a burden on the COP operations and maintenance staff 
since each location has variations in interlocks, control stations, programmable logic 
controllers, etc. which result in increased manpower for troubleshooting and maintenance 
activities. 

In addition, the COP is planning to implement a department-wide Supervisory Control and 
Data Acquisition (SCADA) system which will be capable of monitoring and control of the 
water and wastewater systems from one or more central locations.  While implementation 
of the SCADA system is not yet started, the COP desires to establish control system 
standards for all new and upgrade projects such that interface with the future SCADA 
system can be done as easily as possible. 

The intent of this document is to define the control system standards for all new and 
upgrade projects.  It is intended that these standards will be a living document and will be 
enhanced or updated over time; therefore a revision number at the bottom of each page will 
be provided.  Major revisions will be documented with an increment to the number before 
the period.  Minor revisions will require an increment to the number behind the period. 
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2.0 PROGRAMMABLE LOGIC CONTROLLERS (PLC) 

The City of Prescott has evaluated the various PLCs they currently have in service in 
conjunction with the current platforms provided by the PLCs manufacturers and have 
selected Rockwell Automation Allen-Bradley (AB) Logix control platform as their standard 
programmable logic controller family.  All new PLCs provided for new facilities and 
upgrades to existing facilities should utilize the AB Logix controllers and should be 
programmed using RSLogix 5000 programming software.  The Designer should inquire with 
the City on every project if a copy of the licensed RSLogix 5000 programming software is 
required to be turned over at the end of the project. 

Each PLC processor should be sized to support the required I/O, communication, process 
functions, data storage, and spare I/O required for the project.  Communication ports should 
be provided to support the necessary networking requirements of the specific project plus 
one spare Ethernet/IP port for uploading and downloading PLC application programs and 
one spare Ethernet/IP port for connection to a future system wide SCADA system.  
Additional networking requirements are covered elsewhere in this document. 

Large PLC processors should be used for complex control or for large plant SCADA 
systems.  The PLC shall include battery backed memory to retain the program during a 
power failure.  For increased protection against program loss, PLCs may be provided with 
optional EPROM memory and should be configured to automatically download the program 
when power to the system is restored.  Large PLC processors should be AB ControlLogix. 

Small PLC processors may be used for small stand alone packages, lift stations, or small 
pumping stations.  The PLC should include battery backed memory to retain their program 
during a power failure.  Small PLC processors should be AB CompactLogix. 

Remote I/O racks may be used in applications where several I/O points need to be bought 
back to the control system and a local processor is not required or cannot be justified. 
Remote I/O racks should be AB FlexIO. 

Input/Output hardware should be specified as follows.   

 Digital input and output modules should be 24 volt dc.   

 Analog input and output modules should be 4-20 mA dc.   

 High speed pulse accumulator modules should be used for flowmeter pulse inputs.   

 Platinum RTD analog inputs should be used  
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3.0 OPERATOR INTERFACE TERMINALS (OIT) 

Operator interface terminals should be provided in applications when operations or 
maintenance staff require access to functions, setpoints, equipment status and alarms 
within the PLC.  OITs should be microprocessor based flat panel type and should be 
capable of Ethernet/IP communications to one or more PLCs as required for the 
application.  The Designer should inquire with the City if a copy of the OIT software license 
should be provided to the City upon completion of commissioning of the system.  Operator 
interface terminals should be Allen-Bradley PanelView Plus or Direct Automation. 
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4.0 CONTROL SYSTEM NETWORKING 

It is not the intent of this document to define the entire control system network however 
each design should allow for flexibility in the future.  The future SCADA system will utilize 
Ethernet/IP communication from PLC to SCADA work stations and from PLC to PLC.  As 
previously defined, the PLCs and OITs should be capable of Ethernet/IP communication 
and adequate Ethernet/IP ports are required for all equipment necessary for the specific 
project plus one spare for interface with the future SCADA system and one spare for 
downloading PLC application program.   

In order to accomplish this, it is recommended that a Rockwell Automation Stratix Switch 
with RSLogix5000 Add On Profile be provided in each PLC cabinet.  If not required for the 
current project, space should be provided to allow for the addition of a switch in the future.  
In addition, for remote locations that may require radio communications, either now or later, 
space should be provided in the PLC cabinet for an Ethernet radio.  An example network 
diagram is shown in Figure 4.1. 

On a project specific basis, device networks for connection to variable frequency drives, 
motor control centers, instruments, valves, etc., may be considered.  In the event that 
device networks are utilized, DeviceNet should be used due to ease of development with 
the Allen-Bradley control system. 

Networking of power monitoring equipment for the power distribution equipment and large 
motors should be evaluated on a project basis and if deemed advantageous, Ethernet/IP 
should be utilized.   
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Figure 4.1   Example Control System Network Diagram for Typical Installation 
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5.0 EQUIPMENT CONTROL MODES 

Standard equipment control modes have been established and should be followed unless 
otherwise directed or approved.  Typical control modes are as follows: 

Most individual pieces of equipment should be provided with a HAND-OFF-REMOTE 
selector switch and START-STOP push buttons.  When the selector switch is in HAND, the 
equipment will be controlled using the START-STOP push buttons.  When the selector 
switch is in REMOTE, the equipment will be controlled through a plant control system PLC.  
Equipment being controlled by the PLC may be controlled from an OIT or future SCADA 
software.  OIT or future SCADA software controls are not covered in detail however the OIT 
should include both manual and automatic control as appropriate for the system being 
controlled. 

Occasionally, it may be desirable to include an ON position with the selector switch and 
when selected, the equipment will run without the use of push buttons.  ON control would 
be typically used for equipment which needs to run all of the time. 

Equipment which operates using local controls that are not dependant on the plant control 
system but require automatic operation should include a HAND-OFF-AUTO selector switch.  
AUTO control should be used for stand alone equipment not controlled by the plant control 
system.  Examples would include sump pumps, compressors, and generators. 

LOCK-OUT-STOP push button may be provided near equipment for safety reasons and 
shall prevent equipment from running in any mode.  LOCK-OUT-STOP push buttons should 
be located at the equipment.   

Indicating light standards shall be as follows: 

 RED – Off 

 GREEN – On 

 AMBER – alarm 

 WHITE – power on  

Location of physical selector switches and push buttons shall be determined on a project 
basis.  Typically, local controls will reside on the starter, motor control center, or local 
control panel. 

Some equipment may require local alarms and interlocks.  Critical alarms/interlocks should 
be hard wired to shut equipment down in any mode and will require an alarm to the PLC.  
Non-critical alarms shall be sent to the PLC but may not require a hardwired interlock to 
shut the equipment down.  Critical alarms shall require a local reset.  Non-critical alarms 
may be reset manually from the OIT or automatically within the PLC, as appropriate. 
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6.0 EQUIPMENT CONTROLS AND MONITORING 

Typical control and monitoring of equipment from a PLC has been established and should 
be followed unless otherwise directed or approved.  Typical PLC control and monitoring 
requirements are as follows: 

The control of equipment in REMOTE should typically require a single maintained discrete 
output from the PLC as a run command.  The PLC should receive discrete input feedback 
from the equipment for run status, fail/overload status, and selector switch status (i.e. In 
Remote).  If the equipment has any specific interlocks such as high discharge pressure or 
low water cutoff, these interlocks should also be monitored by the PLC.  If local disconnects 
are provided at the equipment, disconnect position feedback should be provided.   

Equipment controlled by a variable frequency drive should also include an analog output 
from the PLC for speed control and an analog input to the PLC for speed feedback.  
Example P&IDs for a constant speed pump and variable speed pump are shown in Figure 
6.1 and Figure 6.2. 

Electric valve actuators require an Open command and Close command discrete output 
from the PLC for digital open-close actuators and a 4-20 mA position control analog output 
from the PLC for analog modulating actuators.  The PLC should receive discrete input 
feedback from electric valve actuators for selector switch in remote status, full open status, 
and full closed status.  In addition, the PLC should receive a 4-20 mA position feedback 
analog input from variable position actuators.  Example P&IDs for digital and analog 
actuators are shown in Figure 6.3. 
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Figure 6.1  Typical P&ID Representation for Constant Speed and Variable Speed Pumps 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6.2   Typical P&ID Representation for Digital and Analog Valve Actuators 
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Packaged OEM equipment provided with a PLC should be networked to the control system 
PLC with Ethernet/IP.  If a PLC is not required for the OEM equipment, equipment running 
and common alarm discrete inputs should be provided to the PLC.  If required, an enable 
PLC discrete output should be provided to packaged OEM equipment. 

Analog instruments should be provided with isolated 4-20 mA analog inputs to the PLC.  
Flowmeters should provide, in addition to the analog input, a pulse input for totalization to a 
high speed pulse accumulator module in the PLC.  Example P&IDs for a magnetic 
flowmeter, pressure transmitter, and analog instrument are shown in Figure 6.3. 

 
Figure 6.3   Typical P&ID Representation for Magnetic Flowmeter, Pressure 

Transmitter and Analytical Instrument 
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ES3S TM 3S – SUNDOG WWTP EXISTING CONDITIONS 
  
ES3S.1 Introduction 

The purpose of TM 3S is to gather, organize and document existing conditions for the 
Sundog WWTP, including available data, physical conditions of existing facilities, existing 
treatment capacity, and operational issues. 

The Sundog WWTP is the City’s largest wastewater treatment plant and currently receives 
the majority of the City’s wastewater flow.  The existing Sundog WWTP was last expanded 
in 1990, and designed for a treatment capacity of 6.0 mgd AADF. The liquid treatment 
process was upgraded to include primary clarification denitrification and filtration. The 
purpose of the process upgrade was to provide an effluent of suitable quality for irrigation of 
open-access turf sites and aquifer recharge by means of percolation recharge basins 
constructed near the Airport WRF under the same contract.   
 
ES3S.2 Existing Information 

Table ES3S.1 presents the hydraulic design criteria used for the most recent 1990 Sundog 
WWTP expansion. 

Table ES3S.1    Existing Hydraulic Design Flows 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

 1990 Design  

Annual average daily flow, mgd 6.0  

Maximum month average daily (design) flow, mgd 6.5  

Maximum day flow, mgd 12.0  

Hydraulic capacity, peak (hour), mgd 15.0  
 

Table ES3S.2 presents the wastewater characteristics used for the most recent 1990 
Sundog WWTP expansion. 
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Table ES3S.2 Design Wastewater Characteristics and Concentrations 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

Characteristics 

Average Maximum Month 

   mg/L  mg/L  

BOD5 152  166   

TSS 165  171   

TKN 24  30   

Temperature, °C     

 Summer 25     

 Winter 10     
 
The existing Sundog WWTP includes the following facilities: 

 Headworks 

– Bar screens 

– Grit removal (vortex type)  

 Primary Clarifiers 

– Conversion of existing final clarifiers 

 Oxidation Ditches 

– Anoxic zones 

– Supplemental diffused aeration 

– Blower buildings 

 New Circular Final Clarifiers 

 Return Activated Sludge (RAS) Gravity fed to Screw Pumps 

 Waste Activated Sludge (WAS) / Scum Pump Station 

 Traveling Bridge Filter 

 Chlorine Contact Basins 

 WAS Thickening Anaerobic Digestion  

 Belt Filter Press 

The Sundog WWTP currently operates under Aquifer Protection Permit (APP) No. P-
100353 which permits the plant for Class B+ effluent.  Moving forward master planning will 
be based on technologies capable of producing Class A+ reclaimed water suitable for 
unrestricted reuse. 
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ES3S.3 Physical Conditions 

The original coordinate system for the Sundog WWTP used the Arizona State Plane 
coordinate system.   

The project benchmark was based on a brass cap set on USGS benchmark M-27 located 
on Oxidation Ditch 1 walkway.  The project benchmark elevation was determined to be 
5197.48 based on the City of Prescott Datum. 

A geotechnical site investigation was performed in 1988 by Gellhaus Engineering and 
Testing Laboratories. Groundwater was not encountered in any of the test holes to the 
depths drilled.   

The existing soil conditions are a mixture of sandy clay (SC) and gravelly clay (GC).  Soft fill 
soils were encountered throughout the site.  Overexcavation of the soft soils was required 
for the structure foundations.   

A site walk was conducted on June 8, 2009 with the operation staff to assess the current 
condition of the existing Sundog WWTP equipment and structures.  Inspections were 
limited to structure and equipment above or out of water.  Major findings include: 

 The headworks structure is in good condition.  The influent screen and grit basin 
equipment exhibit some minor corrosion and wear on moving parts.   

 The primary clarifier weirs show signs of corrosion and should be replaced.  The 
primary sludge pumps are nearing the end of their life cycle and exhibit heavy 
corrosion. 

 The area along the northeast corner of the oxidation ditches show signs of 
settlement as shown in Figure 3.1.  The mounts for the brush rotors and gear box 
show significant concrete failure.   

 The secondary clarifier basins appear to be in good structural condition.  One of the 
clarifier drive mechanisms experienced issues with the gear box requiring 
replacement.  The second clarifier drive mechanism is beginning to exhibit similar 
symptoms and may need replacement in the near future.   

 The existing underdrains for the traveling bridge filters have failed and are in need of 
replacement.  A full assessment of the current condition of the traveling bridge filters 
is located in TM 7 Tertiary Filtration Evaluation.    

 The existing chlorine contact concrete basin is in good condition.  The UV 
disinfection equipment is in good condition with little sign of wear.  No significant 
issues were located during the tour.  
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 Two gravity belt thickeners were originally installed in the Solids Processing 
Building.  One of the units has been stripped of parts to maintain the other unit in 
operation.   

 A single belt filter press is located in a prefabricated metal building adjacent to the 
Solids Processing Building.  The building lacked appropriate ventilation and 
corrosion protection resulting in severe damage to the building structure.  The belt 
filter press itself shows signs of corrosion and heavy equipment wear.  The existing 
belt is misaligned creating operational issue.  The belt and rollers have heavy 
struvite accumulations.  Additionally, the unit shows significant signs of rotting and is 
at the end of its useful life.  The unit will not continue to operate in the long term. 

ES3S.4 Capacity Analysis 

The Sundog WWTP was modeled to evaluate performance of the existing facilities under 
current loadings to determine current treatment capacity. 

Current average annual flow and peak flow factors are presented in Table ES3S.3 based 
on historical plant data between January 2006 and April 2009. 
 
Table ES3S.3  Current Hydraulic Evaluation Criteria 

Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

Current Average Annual Flow (mgd) 2.58 

Historical Hydraulic Peaking Factor  

Maximum Month : Average Day 2 

Peak Day : Average Day 3.3 

Peak Hour : Average Day 4.5 

Influent wastewater characteristics were also determined from an analysis of plant historical 
records between 2006 and 2009.  Influent wastewater characteristics used to establish 
existing Sundog WWTP treatment capacity are presented in Table ES3S.4. 
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Table ES3S.4   Current Wastewater Influent Loadings 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona  

Parameters Average 
(mg/L) 

92%ile Max 
Month 
(mg/L) 

92% Max Month: 
Average Annual 

Peak Factor 

Summer 
Max Month Load 

(ppd) 

Winter  
Max Month Load  

(ppd) 
BOD5 390 608 1.56 2.58x608x8.34= 

13,082 
2.58x2x390x8.34= 

16,783 
TSS 418 676 1.62 2.58x676x8.34= 

14,545 
2.58x2x418x8.34= 

17,988 
TKN 39.5 57 1.39 2.58x57x8.34=  

1,226 
2.58x2x39.5x8.34= 

1,700 
NH3-N 31.5 48.8 1.52 2.58x48.8x8.34=  

1,050 
2.58x2x31.5x8.34= 

1,356 
Note:  The winter peak load used for evaluation purposes is 30/38% higher than the maximum month 
load measured in 2006/2009.  The reason for this anomaly is to account for the extremely high winter 
loads measured in 2006/2007.    

A comparison of current existing wastewater flow and loading with the 1990 basis of design 
values is presented in Table ES3S.5.  As shown the average influent flows are 43% of the 
1990 design values.  However, the average BOD and TSS mass loadings are 
approximately the same indicating a dramatic increase in wastewater strength.   

A process model (BioWinTM) was used to evaluate the treatment capacity of the Sundog 
WWTP. 

The BioWinTM model was configured to simulate the existing unit processes at the Sundog 
WWTP as summarized in Table ES3S.6. The BioWinTM model schematic is shown in Figure 
ES3S.1.   

Table ES3S.5   Current Influent Wastewater Concentrations Compared with 1990  
Design Values 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

 Existing Conditions Current Conditions (1990) 
 Average Max Month Average Max Month 
BOD5 (mg/L) 373 608 152 166 

TSS (mg/L) 402 676 165 171 

TKN (mg/L) 39.5 57 N/A N/A 

NH3-N (mg/L) 31.5 48.8 24 30 
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Table ES3S.6  Wastewater Treatment Process Units for Modeling 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions
City of Prescott, Arizona 

 Existing Process Equipment 
 Number Parameters 
Primary Clarifiers 2 Area = 4,350 ft2 each 

SWD = 10ft 

Oxidation Ditches 2 Volume = 175,000 ft3 
SWD = 11ft 

Final Clarifiers 2 Diameter = 80ft 
SWD = 15ft 

RAS Pumps 3 (2+1) 2,100 gpm each 

WAS pumps 2 75 gpm 

Tertiary Filters 2 65x15 ft each 
Dual media – anthracite/sand 

Chlorine Contact Tank 2 44X30X8 

Sludge Thickening 2 Gravity Belt 
Thickeners 

100 gpm each 

Anaerobic Digesters 2 50 ft diameter, SWD – 25ft 
Volume – 49,000 ft3 each 

Belt Filter Press  1 2 m width 
 

  

AX2 OX3 Effluent

Dewatered Sludge

OX1 OX2 OX4AX1

Digester 1Digester 2

Inf

 
Figure ES3S.1  Sundog WWTP BioWinTM Model Configuration Schematic 

 
 
The Sundog WWTP BioWinTM model was calibrated to match predicted values with the 
actual reported average annual and maximum month values of effluent ammonia, nitrate 
and nitrite concentration, volatile fraction of the MLSS, solids production in the waste 
activated sludge (WAS) stream, and digested solids production. The calibrated model 
predictions are in relatively good agreement with the plant data for average annual and 
maximum month conditions.   
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Overall plant capacity was determined considering the individual firm capacity of each 
individual unit process.   The evaluation criteria of the individual unit processes are 
summarized in Table ES3S.7. 
 
Table ES3S.7    Wastewater Treatment Process Units Evaluation Criteria 

Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

 Process Equipment Evaluation Criteria 
 Criteria Commentary 
Headworks - Hydraulic peak 

flows 
Maximum rated capacity was compared 
to peak daily or peak hourly flows. 

Primary Clarifiers - Influent Flow Maximum rated capacity was 
compared to peak daily or peak hourly 
flows 

Tertiary Filters - Hydraulic peak 
flows 

- Secondary 
effluent turbidity 

Maximum rated capacity was 
compared to peak daily or peak hourly 
flows 

Chlorine Contact Tank - Hydraulic peak 
flows 

Maximum rated capacity was 
compared to peak daily or peak hourly 
flows 

Belt Filter Press  - Digester 
Efficiency 

Maximum rated capacity was 
compared to peak weekly solids 
production 

Oxidation Ditches 
Final Clarifiers 
RAS Pumps 
WAS pumps 
Sludge Thickening 
Anaerobic Digesters 

- Influent flow 
- Influent loads  
- Solids retention 
- Time (SRT)  
- Mixed Liquor 

Suspended 
Solids (MLSS) 

BioWinTM Model 

All unit processes were analyzed against the individual process evaluation criteria.  Figure 
ES3S.2 presents the results of the capacity analysis.  As shown, the secondary treatment 
process, filters and solids treatment/processing are limiting the existing plant capacity to 3.0 
mgd compared to the 1990 upgrade project design capacity of 6.0 mgd.  The difference is 
due to the drastic increase in wastewater strength over the last 20 years, most likely due to 
reduce water use and appliance efficiencies. 

As part of the capacity analysis, a field investigation was conducted to assess periodic 
operating challenges to achieve complete denitrification. 

The investigation consisted of DO and temperature profiling in addition to physical 
observations.  In general, the major findings of the field investigation included identification 
of a flow split imbalance between ditch 1 and 2, the need for improved DO control and the 
need for testing the process response to polyaluminum chloride addition.   
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Figure ES3S.2  Sundog WWTP 1990 Design versus 2009 Estimated 

Unit Process Capacity 
 

ES3S.5 Plant Issues, Needs and Operational Preferences 

Based on the condition assessment, capacity evaluation and discussions with plant staff; 
several recommendations for each unit process were identified, as presented in Table 
ES3S.8. 
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Table ES3S.8   Unit Process Recommendations 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

Unit Process Recommendations 

Headworks  New Headworks facility to be coordinated with new 
Sundog Trunk Main. 

 Parshall flume sized for peak wet weather events 
equipped with ultrasonic level detector programmed 
for entire range of influent flows. 

 Redundant influent screens. 

 Screening washer/compactor to decrease operations 
and reduce odor and vector issues. 

 Multiple smaller vortex grit basins to handle the wide 
range of influent flows. 

 Integrated septage receiving station. 

Primary Clarifiers 

 

 Install sludge blanket level detectors for process 
control and procure hand held devices. 

 Filter the scum and meter to the anaerobic digesters in 
lieu of disposal to the drying bed. 

Settled Sewage PS  Install a check valve to prevent overflows to filtrate 
manholes. 

Oxidation Ditches and 
Aeration Blowers 

 Automated DO control for the aeration system to 
provide better process control and reduce filamentous 
growth. 

 Mechanical mixing to improve mixing within the anoxic 
zones. 

 Chlorine spray system to control surface foam in the 
oxidation ditches. 

 Chlorination of the RAS line. 

 Install launder or V-notch weirs in flow splitter. 

 Install VFDs on all brush rotors. 

 Install DO probes, 4 per ditch. 

 Install PLC for DO control. 

 Install submersible mixers. 

Secondary Clarifiers  Install sludge blanket level detector for process 
control. 

 Provide launder covers to reduce algae growth. 
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Table ES3S.8   Unit Process Recommendations 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

Unit Process Recommendations 

Tertiary Filters  The existing traveling bridge filters have experienced 
failure of the underdrains and require rebuilding or 
replacement. 

Disinfection  Automated flow pacing and transmissivity control. 

 Install wiper system to maintain efficiency and improve 
lamp life. 

 Adjust effluent gate control to reduce cycling 

 Cover basins to reduce algae growth and prevent dust 
intrusion. 

Solids Processing  Rebuild the second GBT to provide redundancy. 

 Additional digester volume to meet the required 15 
day HRT for Class B. 

 Digested sludge storage for 5 days per week sludge 
dewatering operations. 

 New dewatering equipment and facility. 

In addition to the above unit process recommendations and the need for additional 
treatment capacity, the following additional plant components are recommended: 

 New septage receiving facility. 

 A grease receiving station. 

 Stormwater flow equalization. 

 Supervisory Control and Data Acquisition (SCADA) system for monitoring and 
control of plant process. 
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1.0 INTRODUCTION 

1.1 Purpose 

This technical memorandum is part of the Sundog WWTP and Airport WRF Capacity and 
Treatment Technologies Assessments for the City of Prescott. The purpose of this technical 
memorandum is to gather, organize, and document existing conditions for the Sundog 
WWTP, including available data, physical condition of existing facilities, existing treatment 
capacity, and operational issues. This memorandum will serve as the foundation for 
defining and developing the design for required near-term improvements at the Sundog 
WWTP. It will also serve as the existing condition reference point for long-term treatment 
technologies and capacity improvements. 

1.2 Project Background 

The City of Prescott is located in the mountains of north central Arizona, and borders the 
Prescott National Forest to the south and west. Prescott currently has three operating 
wastewater treatment facilities – Hassayampa WRP, Sundog WWTP and the Airport WRF. 
The Hassayampa WRP was placed into service in 1999, is privately operated and its 
effluent is used to water a private golf course. The City’s largest wastewater treatment 
plant, the Sundog WWTP, is located approximately 2 miles northeast of the City’s centroid, 
and currently receives the majority of the City’s wastewater flow. It was last upgraded in 
1990. The Airport WRF is located roughly 8 miles northeast of the City’s centroid, adjacent 
(east) of the local airport (Ernest A. Love Field).  

The existing Sundog WWTP was last expanded in 1990, and designed for a treatment 
capacity of 6.0 mgd AADF. The liquid treatment process was upgraded to include primary 
clarification, denitrification and filtration. The purpose of the process upgrade was to provide 
an effluent of suitable quality for irrigation of open-access turf sites and aquifer recharge by 
means of percolation recharge basins constructed near the Airport WRF under the same 
contract.   

Prior to the 1990 expansion sludge from the Sundog WWTP was originally stored and 
dewatered in drying beds on-site. After completion of the expansion project including 
anaerobic digesters a sludge dewatering belt press was added in 1997.  Class B dewatered 
sludge is disposed of at a land application site.  

A site plan depicting the existing facilities at the Sundog WWTP is presented in Figure 1.1. 
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Figure 1.1  Sundog WWTP Site Plan Depicting the Existing Facilities. 
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2.0 EXISTING INFORMATION 

2.1 Previous Design Documents 

Several existing documents were gathered for the existing City of Prescott Sundog WWTP 
facility assessment: 

 Sundog WWTP Improvements, Design Memorandum, Black & Veatch, 1988 

 Sundog WWTP Improvements, Contract Specifications, Black & Veatch, 1989 

 Sundog WWTP Improvements, Contract Drawings, Black & Veatch 1989 

 Sundog WWTP Improvements, O&M Manual, Black & Veatch 

 Sundog WWTP Various Process Data, City of Prescott, 2006-2009 
 

2.2 Existing Facility Basis of Design 

2.2.1 Hydraulic Criteria 

Table 2.1 presents the hydraulic design capacity for the existing Sundog WWTP. 
 

Table 2.1 Existing Hydraulic Design Flows 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

 1990 Design  

Annual average daily flow, mgd 6.0  

Maximum month average daily (design) flow, mgd 6.5  

Maximum day flow, mgd 12.0  

Hydraulic capacity, peak (hour), mgd 15.0  

2.2.2 Previous Wastewater Characteristics 

The wastewater characteristics used for the previous 1990 expansion design were 5-day 
biochemical oxygen demand (BOD5), total suspended solids (TSS), and Total Kjeldahl 
Nitrogen (TKN). The concentrations shown in Table 2.2 were based on historical plant 
records furnished by the City at the time of the design. 
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Table 2.2 Design Wastewater Characteristics and Concentrations 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

Characteristics 

Average Maximum Month 

   mg/L  mg/L  

BOD5 152  166   

TSS 165  171   

TKN 24  30   

Temperature, °C     

 Summer 25     

 Winter 10     

2.2.3 Governing Codes 

The City of Prescott adopted the 2006 International Building Codes (2006 IBC), which 
became effective October 15, 2007. The 1990 expansion design effort was based on 1985 
and 1987 codes.    The previous and currently adopted codes are shown in Table 2.3. 
 

Table 2.3 Governing Building Codes 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

Previous Design Governing Codes Current Governing Codes 

1985 Uniform Building Code  2006 International Building Code (IBC) 

1985 Uniform Mechanical Code 2006 International Mechanical Code (IMC)

1985 Uniform Plumbing Code 2006 International Plumbing Code (IPC) 

1987 National Electric Code 2006 International Electrical Code (IEC) 

2.3 Existing Facilities  

The 1990 improvements to the Sundog WWTP consisted of the following facilities: 

 Headworks 

– Bar screens 

– Grit removal (vortex type)  

 Primary Clarifiers 

– Conversion of existing final clarifiers 

 Oxidation Ditches 

– Anoxic zones 

– Supplemental diffused aeration 

– Blower building 

 New Circular Final Clarifiers 
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 Return Activated Sludge (RAS) Gravity fed to Screw Pumps 

 Waste Activated Sludge (WAS) / Scum Pump Station 

 Traveling Bridge Filter 

 Chlorine Contact Basins 

 Anaerobic Digestion WAS Thickening 

 Sludge Dewatering Press 

2.3.1 Headworks 

The 1990 plant improvements project included modifications to the existing headworks.  
The headworks consists of one climber-type bar screen, one manually cleaned bar screen 
to serve as a bypass, a Parshall flume, and a vortex type grit removal basin with a grit 
dewatering screw. 

2.3.1.1 Parshall Flume 

An existing Parshall flume with a 18-inch throat width was left in place.  The existing flume 
has a maximum flow limit of 10 mgd. 

2.3.1.2 Bar Screens 

One mechanical “climber” screen was installed for primary duty and one existing manually 
cleaned bar screen was retained for emergency bypass flows.  Screenings are discharged 
to a trailer for landfill disposal. Design criteria for the existing screening facilities is 
presented in Table 2.4. 
 

Table 2.4 Existing Screening Facilities Design Criteria 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

Number  

Mechanical 1 

Manual 1 (standby) 

Clear space between bars, inches  3/4 

Channel width, feet 4 

Channel depth, feet 3.25 

Depth of flow, maximum ft 2.75 

Angle of screen inclination 80 degrees 

Maximum velocity through screen at 15.0 mgd, fps 4.5 

Average quantity of screenings, ft3/day 8 

Rake motor horsepower 1.5 

Control Local manual and auto control with repeat 
cycle timers and head differential override 
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2.3.1.3 Grit Removal 

One vortex type grit removal unit is provided with a grit dewatering screw. The grit unit is 
designed to remove 95 percent of 50 mesh grit at peak hour flow (15 mgd). Dewatered grit 
is discharged from the screw to a front loading dumpster, along with screenings, for landfill 
disposal. A bypass channel is provided for the grit removal unit.   Design criteria for the 
existing grit removal system is presented in Table 2.5. 
 

Table 2.5 Grit Removal System Design Criteria 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

Number 1 

Type Vortex type  

Trap Zone  

Diameter, ft 16 

Depth, ft 5.5 

Storage Sump  

Diameter, ft 5.0 

Depth, ft 6.8 

Grit pump capacity, gpm 250 

Motor hp 10 

Average day grit removed, ft3/day 8 

2.3.2 Primary Clarifiers 

The 1990 improvements project included converting two rectangular final clarifiers to 
primary clarifiers.  Design criteria for the primary clarifiers is presented in Table 2.6. 
 

Table 2.6 Primary Clarifier Design Criteria 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

Number 2 

Length, ft 145  

Width, ft 30 

Sidewater depth, ft 10 

Average overflow rate, gpd/ft2 690 

2.3.3 Settled Sewage Pumping Station 

The 1990 improvements project included a new settled sewage pumping station to lift 
primary effluent and RAS from the converted final clarifiers up into the oxidation ditches.  
Return activated sludge flows by gravity from the new final clarifiers to the settled sewage 
pumping station and is pumped to the oxidation ditches along with primary effluent. 
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Table 2.7 Settled Sewage Pumping Station Design Criteria 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

Pump Type Arcamedian screw 

Number Pumps 3 (one stand-by) 

Rated capacity, gpm 5,200 

Maximum Lift, ft 7.75 

Screw Diameter, inches 54  

Screw Incline, degrees 38 

2.3.4 Oxidation Ditches 

The 1990 Sundog WWTP improvements project included modifications to the two existing 
oxidation ditches to 1) provide anoxic zones for denitrification and 2) supplemental diffused 
aeration to increase oxygen transfer capability for complete nitrification.  With the addition 
of primary clarifiers to reduce organic loading and additional aeration, it was also possible 
to increase the rated treatment capacity of the existing oxidation ditch volume.  

The plant operates in the nitrification/denitrification mode.  Anoxic zones were created in 
each ditch by locating all existing brush rotors (4 each ditch) on one side of the ditch 
(relocating a total of three brush rotors and reversing rotation of the remaining eight).  The 
supplemental diffused aeration was added between brush rotors concentrating all aeration 
on one side of each ditch.  The unaerated side became the anoxic zone in each ditch.  The 
brush rotors were intended to maintain flow velocity around the ditches sufficient for mixing 
energy. 
 
The design criteria for the oxidation ditches is presented in Table 2.8. 
 

Table 2.8 Oxidation Ditch Design Criteria 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

Number 2 

Total Volume, cu. ft. 350,000 

Side water depth, ft 11 

Hydraulic retention time,  
   hours at rated maximum month flow (6.5 mgd) 

9.7 

Brush Aerators  

Number 4 

Peak firm SOTR, pph  130 

Motor hp, each 40 

Diffused Aeration  

Type Coarse bubble 

No. Diffusers, each ditch 250 
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Table 2.8 Oxidation Ditch Design Criteria 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

Air requirements, each ditch  

Average, scfm 2,200 

Peak, scfm 6,000 
 
2.3.5 Aeration Blowers 

A new blower building was provided to house multi-stage centrifugal blowers for air supply 
to the supplemental diffused aeration system.  The design criteria for the aeration blowers 
is presented in Table 2.9. 
 

Table 2.9 Aeration Blower Design Criteria 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

Number of blowers 4 (one stand-by) 

Type Multi-stage centrifugal 

Rated capacity at maximum temperature and  
   relative humidity, icfm 

5,200 

Rated inlet pressure, psi 11.9 

Maximum temperature, F° 100 

Maximum relative humidity, percent 36 

Motor hp 150 

2.3.6 Secondary Clarifiers 

The design criteria for the circular secondary clarifiers is presented in Table 2.10. 
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Table 2.10 Secondary Clarifiers Design Criteria 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

Number  2 

Diameter, ft 80 

Sidewater depth 15 

Bottom slope 1:12 

Overflow rate, max month gpd/sq ft 647 

Peak solids loading rate, lb/day/sf 25 

Max month detention time w/o recycle, hrs 4.16 

Flocculation well  

Diameter, ft 34 

Skirt depth below water, ft 8 

Number of flocculators 4 

Velocity gradient “G”   50 

Motor hp 2 

Sludge Collectors   

Motor hp 2 

 
2.3.6.1 Return and Waste Sludge and Scum Pump Station 

A sludge and scum pump station is located between the two final clarifiers and provides the 
following functions: 

 Metering and control of return activated sludge flow by gravity from the final clarifiers 
to the settled sewage pump station.  The settled sewage pumps lift return activated 
sludge along with primary clarifier effluent into the oxidation ditches. 

 Controlled pumping of waste activated sludge from the final clarifiers to the gravity 
belt thickeners. 

 Pumping scum collected from the surface of the final clarifiers to the oxidation 
ditches via the settled sewage pump station or the anaerobic digesters. 

Design criteria for the return and waste sludge and scum pump station is presented in 
Table 2.11. 
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Table 2.11 Return and Waste Sludge and Scum Pump Station Design Criteria 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

Return Activated Sludge   

Number of return lines 2 

Gravity flow control Magnetic flow meters and 
modulating valves 

Maximum flow rate set each, mgd 3.0 

  

Waste sludge pumps  

Number of pumps 2 

Type Rotary lobe 

Rated capacity, gpm 75 

Rated head, ft 21 

Motor hp 5 

  

Waste scum pumps  

Number of pumps 2 

Type Rotary lobe 

Rated capacity, gpm 125 

Rated head, ft 21 

Motor hp 5 

2.3.7 Tertiary Filters 

The 1990 plant improvements project included addition of tertiary filters. The tertiary filters 
design criteria is presented in Table 2.12. 
 

Table 2.12 Tertiary Filters Design Criteria 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

Filters   

Type Traveling bridge continuous backwash 

Number 2 

Length, ft 70 

Width, ft 16 

Total area, sq ft 2,240 

Hydraulic loading rate, @ 6 mgd, gpm/sq ft 2.0 

Media type sand, 0.45 to 0.55 mm 

 anthracite, 0.75 to 0.85 mm 

Nominal media depth, inches  12” sand 

 12” anthracite 
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2.3.8 Disinfection System 

The 1990 plant improvements project included addition of two new chlorine contact basins.  
In 2002 an ultraviolet disinfection system was installed in one of the chlorine contact basins 
with the other basin remaining intact to provide for chlorine contact disinfection as a backup 
to the UV system. 

The UV system was designed for a peak hydraulic capacity of 10 mgd with a suspended 
solids concentration of 5 mg/L.  The UV system was also designed to meet the 1985 reuse 
standard for irrigation of turf areas with open access (5 fecal coliform sample geometric 
mean of less than 25 cfu/100 mil).  The 1985 water reuse standards were replaced by the 
Arizona Department of Environmental Quality (ADEQ) APP with updated water reuse 
categories and standards in 2001. 

Design criteria for the 1990 chlorine contact basins and the 2002 UV system are presented 
in Table 2.13. 
 

Table 2.13 Disinfection Facilities Design Criteria 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

1990 Chlorine Contact Basins (1985 Standards -25)  

No. of basins 2 

Length, ft 44 

Width, ft 33 

Channel width, ft 6 

Sidewater depth, ft 8 

Volume each basin, ft3 10,512 

Theoretical detention time @ peak flow (15 mgd), min 15 

Rapid mixing detention time, sec  15 

Mixing velocity gradient “G”, sec -1  500 

  

2002 Ultraviolet Disinfection System (2001 Class B)  

Number of channels 1 

Channel dimensions, L x W x D, ft 36 x 4.67 x 4 

Depth of flow, ft 2.3 

Peak design flow, mgd 10 

Type of system Low pressure / high 
intensity 

No. of banks 2 

No. of lamps per bank 128 horizontal 

Percent UV transmittance 65 

UV dosage, cuWs/cm2 47,606 
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2.3.9 Sludge Treatment and Handling 

Sludge handling and treatment facilities include waste activated sludge thickening, 
anaerobic digestion of combined primary sludge and thickened waste activated sludge and 
dewatering of digested sludge.  Dewatered sludge is disposed of via land application.  
Design sludge production criteria is presented in Table 2.14. 
 

Table 2.14 Sludge Production Design Criteria 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

Primary Sludge @ 4% solids  

Average annual production, ppd 4,954 

Maximum month production, ppd 5,562 

  

Waste Activated Sludge @ 0.5% solids  

Average annual production, ppd 3,780 

Maximum month production, ppd 4,540 

2.3.9.1 Sludge Thickening 

Two gravity belt thickeners (one standby) are used to thicken waste activated sludge prior 
to anaerobic digestion.  Currently, one unit runs, continuously as the second is not in 
service.  Thickened sludge pumps deliver thickened sludge to the anaerobic digesters.  
Design criteria for the gravity belt thickeners is presented in Table 2.15. 
 

Table 2.15 Waste Activated Sludge Thickening Design Criteria 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

Number of thickening units 2 (one stand-by) 

Type Gravity belt 

Hydraulic capacity, gpm 100 

Maximum solids loading, lb/day 4,540 

Belt width, meters 1 

  

Thickened sludge pumps  

Number 2 

Type Progressing cavity 

Rated capacity, gpm 50 

Normal pressure range, psi  8-12 

Motor hp 5 

 



 

                                                                                   3S-12                                                      03/16/2011     In Association with   

2.3.9.2 Anaerobic Digester 

Two anaerobic digesters operating in series are provided with a fixed cover primary 
digester and a floating cover secondary digester.  Piping and equipment are provided and 
configured so the secondary digester can serve as a standby primary digester. 

Design criteria for the anaerobic digesters and support facilities is presented in Table 2.16. 
 

Table 2.16 Anaerobic Digester Design Criteria 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

Number of digesters 2 

Diameter, ft 50 

Sidewater depth, ft 25 

Volume each, ft3 49,000 

Primary digester max month SRT, days 12.1 

Primary digester max month volatile solids 
   loading, ppd/1000 ft3 

163 

Average gas production, ft3/day 53,800 

Gas heat value, MBtu/day 32.3 

Max month heat required, MBtu/day 12.9 

Digester mixing  

Type Draft tube mechanical mixes 

Number circulating capacity per unit, gpm 7,600 

Motor hp  5 

Sludge heaters  

Type Combination boiler/heat exchanger 

Number  2 (1 standby) 

Boiler rating, MBtu/hr  1.0 

Exchanger capacity, MBtu/hr 0.5 

Sludge recirculation pumps SRP-1 SRP-2 SRP-3 

Number 2 1 1 

Type Centrifugal Grinder Centrifugal Grinder Centrifugal Grinder 

Rated capacity, gpm 145 300 145 

Rated head, ft 13 50 50 

Motor hp 3 7.5 10 

Digester sludge pumps  

Number 2 

Type Progressing cavity 

Rated capacity, gpm 100 

Pressure range, psi 2-5 

Motor hp 7.5 
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2.3.9.3 Sludge Dewatering 

Shortly after completion of the 1990 improvements, the City purchased and installed one 
belt dewatering press in a temporary mobile unit.  A permanent belt press facility was 
included in the 1990 project design, but was postponed for budget reasons.  Design criteria 
for the belt dewatering press is presented in Table 2.17. 
 

Table 2.17 Belt Press Design Criteria 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

Number of units 1 

Belt width, meters 2 

Polymer Dry system 

Batch tanks 2 

Volume, gals 350 

Metering pumps 1 

2.3.10 Septage Receiving Station 

The Sundog WWTP includes a septage receiving station that was constructed with the 
original plant in 1934.  The station originally included pumps and an inline grinder to meter 
septage into the plant over time.  The pumps and grinder have been decommissioned and 
the station currently consists of a manually cleaned bar rack, a pit and a gravity pipe 
connection directly in to the plant influent sewer. 

2.3.11 Standby Power 

A 300 kW diesel engine powered generator provides emergency power for selected plant 
equipment. The generator is designed to power the grit removal equipment; 2 primary 
sludge pumps; 4 oxidation ditch rotors; 2 settled sewage pumps; 2 final clarifier sludge 
collectors, mixers and rotating scum pipes; and 2 anaerobic digester sludge recirculation 
pumps. 

There is natural gas service to the site. 

2.4 Existing Facility Permits 

As presented in Technical Memorandum #1 – “Regulatory, Compatibility and Reliability 
Requirements,” the Sundog WWTP was designed to produce reclaimed water suitable for 
irrigation of “areas open to public access” under the 1985 Regulations for the Reuse of 
Wastewater.  The plant currently operates under Aquifer Protection Permit (APP) No. P-
100353 which permits the facility for Class B+ effluent.  Moving forward, process evaluation 
and master planning will be based on technologies capable of producing ADEQ Class A+ 
reclaimed water. These water quality standards are shown in Table 2.18. 
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Table 2.18 ADEQ Reclaimed Water Quality Standards 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

Parameter Treatment Standards 

Existing Class B+ Future Class A+ 

Turbidity, NTU   

Average NA 2 

Single Sample Maximum NA 5 

Fecal Coliform, cfu/100mL   

4 of last 7 samples 200 Non-detect 

Single Sample Maximum 800 23 

Total Nitrogen Alert Level, mg/L   

5 samples geometric mean 8 8 
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3.0 PHYSICAL CONDITIONS 

3.1 Site Survey 

The original coordinate system for the Sundog WWTP used the Arizona State Plane 
coordinate system.  Specific coordinates to be used for horizontal control were listed on the 
1988 Black & Veatch plans. 

The project benchmark was based on a brass cap set on USGS benchmark M-27 located 
on Oxidation Ditch 1 walkway.  The project benchmark elevation was determined to be 
5197.48 based on the City of Prescott Datum. 

The 100-year flood elevation had not yet been determined for the area. 

It is recommended that a new survey be conducted to update/verify the horizontal and 
vertical control prior to any new work at the plant.  The new survey will adhere to the Layer 
and Survey Datum Requirements memorandum (Appendix B) from the City of Prescott.  
Datum will be in international feet for horizontal and vertical, NAVD 88 for vertical and City 
of Prescott coordinates for horizontal.  A new permanent benchmark should also be 
established to provide a consistent survey control point for work at the site. 

3.2 Geotechnical Conditions 

A geotechnical site investigation was performed in 1988 by Gellhaus Engineering and 
Testing Laboratories.  Subsurface soil borings were drilled at the location of the new 
facilities constructed in 1988.  Borings were generally drilled a minimum of five feet into firm 
foundation soil satisfactory for supporting the proposed loadings.  Groundwater was not 
encountered in any of the test holes to the depths drilled.   

The existing soil conditions are a mixture of sandy clay (SC) and gravelly clay (GC).  Soft fill 
soils were encountered throughout the site.  Overexcavation of the soft soils was required 
for the structure foundations.  The depth of the overexcavation was dependant on the 
location of the structure.  All excavations were properly sloped as necessary to satisfy local 
safety code regulations and provide individual protection. 

The foundations bearing on approved undisturbed soils may have been designed for an 
allowable bearing pressure of 1,000 or 2,000 psf depending on location.  Excavations in the 
area of the filters and chlorine contact basin yielded lower allowable bearing pressures.  
Consolidation settlement anticipated to be negligible under the proposed loading.  
Settlements in the fill locations may have been slightly greater than settlements in the 
naturally undisturbed soils but would have been negligible if proper procedures for site 
grading and compaction were followed.  Poor drainage conditions could have resulted in 
localized settlement. 
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It is recommended that a new geotechnical investigation be conducted to update/verify the 
subsurface conditions prior to any new work at the plant.  The geotechnical investigation 
will take into account the location of new structures. 

3.3 Equipment and Structure Condition Assessment 

A site visit was conducted on June 8, 2009 to assess the current condition of the existing 
equipment and structures at the Sundog WWTP.  The intent of the inspection was to 
document the general condition of all major equipment and structures at the plant, to 
provide input for future improvements planning.  The structural inspections were limited to 
the interior surfaces of walls above the waterline.  Similarly, mechanical inspections were 
limited to equipment components above the waterline.  This visual inspection did not 
include functional tests, core sampling, or other detailed tests, and was limited to a general 
visual assessment of the condition of equipment and structures at the WWTP. 

3.3.1 Headworks 

The existing headworks concrete structure is in good condition.  The influent screen and grit 
basin equipment exhibit some minor corrosion and wear on moving parts.  A hydraulic 
baffle plate has been installed within the channel just upstream of the grit basin by the 
vendor, apparently to improve system performance. 

3.3.2 Primary Clarifiers 

The plant staff stated the existing nonmetallic (HDPE) chain and flight sludge collection 
system operates well with little operator attention required.  The weirs show signs of 
corrosion and are beginning to come apart from the launders.  The primary sludge pumps 
have experienced several diaphragm and bearing failures.  The pumps are nearing the end 
of their life cycle and exhibit signs of heavy corrosion. 

3.3.3 Oxidation Ditches and Aeration Blowers 

The area along the northeast corner of the oxidation ditches show signs of settlement of 
exterior fill as shown in Figure 3.1.  Additional concrete and asphalt pavement have been 
added to resolve the issue.  Although the basins appear to be structurally sound, further 
settlement could undermine the structural integrity. 
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Figure 3.1  Settlement Along NE Corner of Oxidation Ditch 

The mounts for the brush rotors and gear box show significant concrete failure.  The 
support mounts for the gear box appear to be installed to close too the edge resulting in 
concrete failure as shown in Figure 3.2.  Plant staff have fabricated and installed additional 
structural supports to resolve the issue.  The vibration of the rotors has resulted in the 
cracking of the concrete bases.  The rotors are mounted directly to the concrete without any 
vibration damping mechanism. 
 
 

 

Figure 3.2  Oxidation Ditch Concrete Failures 
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3.3.4 Secondary Clarifiers 

The secondary clarifier basins appear to be in good structural condition.  The #2 clarifier 
drive mechanism experienced occasional bearing failures (2) with the gear box requiring 
replacement.  The second clarifier drive mechanism is beginning to exhibit similar 
symptoms and may need replacement in the near future.  The existing WAS and scum 
pumps perform well and only one of the original pumps have been replaced due to failure. 

3.3.5 Tertiary Filtration 

The existing underdrains for the traveling bridge filters have failed and are in need of 
replacement.  A full assessment of the current condition of the traveling bridge filters is 
detailed in TM7 Tertiary Filtration Evaluation. 

3.3.6 Disinfection 

The existing chlorine contact concrete basin is in good condition.  The UV disinfection 
equipment is in good condition with little sign of wear.  No significant issues were located 
during the tour. 

3.3.7 Solids Processing 

Two gravity belt thickeners were originally installed in the Solids Processing Building.  One 
of the units has been stripped of parts to maintain the other unit in operation.  The frame 
and remaining parts of this unit are in good condition and can be placed back into operation 
once the missing parts are replaced. 

A single belt filter press is located in a prefabricated metal building adjacent to the 
digesters.  The building lacked appropriate ventilation and corrosion protection resulting in 
severe siding and structure damage to the building structure as shown in Figure 3.3.  The 
belt filter press itself shows signs of corrosion and heavy equipment wear.  The existing belt 
is misaligned creating operational issue.  The belt and rollers have heavy struvite 
accumulations as shown in Figure 3.4.  Additionally, the unit shows significant signs of 
rotting and is at the end of its useful life.  The unit will not continue to operate in the long 
term. 
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Figure 3.3  Belt Filter Press Building Figure 3.4  Struvite on BFP Belt and Rollers 
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4.0 CAPACITY ANALYSIS 

4.1 Background 

The primary objectives for modeling the performance of the Sundog WWTP is to evaluate 
the performance of the existing facilities under current and future loadings, in order to 
determine the current treatment capacity of the existing facilities.  

One of the key first steps in ensuring accurate simulation results is confirming the influent 
wastewater characteristics and loadings.  This memorandum summarizes the current 
influent wastewater flows and characteristics to be used for the process evaluation under 
existing conditions. 

4.2 Wastewater Flows 

Daily average, high, and low influent flows were obtained from plant operational data 
records between January 2006 and April 2009. The average daily flow into the plant has 
slightly increased over time. Throughout a calendar year, the plant typically receives higher 
flows during winter months, as a result of infiltration and inflow during wet weather months 
(although the summer of 2007 was particularly wet). A graph with the historical flow data 
analysis and the recommended peaking factors for maximum month and maximum day is 
presented on Figure 4.1.
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Figure 4.1  Sundog WWTP Flows, Maximum Month and Day Peaking Factors 
 

The recommended maximum month flow peaking factor was based on the ratio between 
the maximum 30-day running average flow and the annual average day flow. A linear 
regression was used to calculate the annual average flow over the entire period of data 
analysis. The peak day factor was based on the ratio between the maximum daily average 
flow and the annual average flow. 

A graph illustrating the maximum hour peak flow factor is presented in Figure 4.2.  
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City of Prescott : Sundog WWTP Flows - 2006 - 2009
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Figure 4.2  Sundog WWTP Flows, Maximum Hour Peaking Factor 
 

The peak hour factor was based on the ratio between the maximum high flow reported and 
the annual average day flow. The recommended peaking factors are presented in Table 
4.1. 

The Sundog WWTP influent flow meter does not read above 10.0 mgd, and on several 
occasions the influent flow meter pegged out at 10 mgd.  The true maximum hour peaking 
factor is unknown, but likely significantly exceeds 4.0. 
 
Table 4.1        Design Hydraulic Peaking Factors 

Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

Average Annual Flow (mgd) 2.58 

Hydraulic Peaking Factor  

Maximum Month : Average Day 2 

Peak Day : Average Day 3.3 

Peak Hour : Average Day 4.5 

 

Based on historical data analysis between January 2006 and April 2009. All peaking factors 
presented in Table 4.1 are relative to the annual average day flow.  
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4.3 Wastewater Influent Characteristics 

The current wastewater characteristics for the plant capacity analysis were determined 
based on an analysis of the plant’s historical wastewater quality records. Influent 
characteristics were obtained from plant operations historical records between 2006 and 
2009. Analysis of the influent to Sundog WWTP is complicated by the operation of the 
Hassayampa WWTP.  This is a privately operated scalping plant and its effluent is used to 
water a private golf course during dry periods.  The sludge produced at the WWTP is 
discharged to Sundog WWTP year-round, however the discharge of sludge is not 
necessarily continuous.  In addition treated effluent from Hassayampa WWTP is discharged 
to Sundog when irrigation is not required at the golf course, or if excess irrigation water is 
available.  Therefore influent flows and loads are highly variable.  The highly variable 
operation of the Hassayampa WWTP on influent flow and loads is significant.  In Summer, 
reduced influent flow at Sundog (due to scalping at Hassayampa) coupled with the 
intermittent sludge discharge could result in significant swings in influent TSS and BOD 
concentrations.  In Winter, intermittent sludge discharge will also produce swings in influent 
TSS and BOD.  Finally, the solids discharged from Hassayampa are activated sludge WAS.  
WAS is expected to contain ammonia oxidizing microorganisms that will appear to increase 
BOD values unless an inhibitor is used in the laboratory test.  The characteristics of WAS 
will also skew volatile solids content of the influent TSS. 

Therefore a statistical approach was taken in evaluating the influent loads of BOD and TSS.  
The approach was as follows: 

1. A median value was calculated for the entire BOD and TSS concentration dataset 
for the period January 2006 to April 2009. 

2. A standard deviation was calculated for the entire BOD and TSS concentration 
dataset. 

3. The dataset was filtered so that influent BOD and TSS concentrations that 
exceeded the (Median value + 2 times the standard deviation), or were less than the 
(Median value – 2 times the standard deviation) were deleted from analysis. 

4. The filtered influent BOD and TSS loads were then calculated by multiplying filtered 
BOD and TSS concentrations with flow. 

So, all BOD concentrations exceeding 678 mg/L and less than 63 mg/L were filtered, and 
all TSS concentrations exceeding 1,012 mg/L were filtered.  
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Composite samples of the plant influent are taken at the headworks, after the wastewater 
goes through screening and grit removal. Flow and characteristics from the tertiary filter 
backwash stream and sludge dewatering equipment are not routinely measured, but these 
recycle streams are diverted directly to the downstream aeration basin and do not impact 
the influent samples.   

The following wastewater quality data provided by the City was used which resulted in the 
average influent wastewater characteristics presented in Table 4.2. 

• Biological Oxygen Demand (BOD) and Total Suspended Solids (TSS): 

Approximately four samples per month (one per week). Data was analyzed for the 
period between January 2006 and April 2009. 

• Total Kjeldahl Nitrogen (TKN) and Ammonia Nitrogen (N):  

The TKN and NH3-N values above are primarily grab samples, however, some 
composites were taken in 2007, 2008 and 2009.  The total numbers of samples 
analyzed are 32 for TKN and 37 for NH3-N. 

 
Table 4.2       Average Influent Wastewater Characteristics 

Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

 2006 2007 2008 2009 2006 – 20091 

BOD5 (mg/L) 476 393 374 238 373 

TSS (mg/L) 506 433 536 349 402 

TKN (mg/L) 34.2 49.0 44.9 43.2 39.5 

NH3-N (mg/L) 27.6 38.6 32.9 31.2 31.5 
1 2006-2009 data were filtered. 

The average BOD concentration for the Sundog WWTP is within the typical range of values 
observed for other facilities in Arizona. For example the average influent BOD5 measured in 
a neighboring facility for the period January 2007 to June 2009 was 341 mg/L.   

The average influent TSS is still relatively high compared to other facilities in Arizona.   For 
example the average influent TSS measured in a neighboring WWTP for the period 
January 2007 to June 2009 was 279 mg/L.  The observed average TSS to BOD ratio of 
1.08 is within the normal range of 1.0 – 1.2.  The original design BOD to TSS ratio was 
1.12.   

The recommended wastewater characteristics for capacity were based on determining 
wastewater concentrations under annual average day loadings and maximum month 
loadings. Average loadings were based on average wastewater concentrations calculated 
over the entire analysis period (2006 to 2009). The maximum month loadings were based 
on calculating a 92nd percentile of the entire analysis period and reporting this value as the 
maximum month condition.  The 92nd percentile value was selected as the maximum month 
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using a simple assumption that 1 month in 12 months is approximately 8% therefore, the 
maximum month is 100% - 8% = 92nd percentile.  In addition, a running 30 day moving 
average of the weekly influent loads was also calculated and the maximum 30 day running 
average was reported.   

Table 4.3 presents the recommended maximum load peaking factors. 

 Table 4.3      Average Influent Wastewater Loading, pH and Temperature 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
 City of Prescott, Arizona 

Parameter Average Running 30 
day 

average 

Max Month 

92 Percentile 

Max Month 

92 Percentile: 
Average 

 Peak Factor 

BOD5 (ppd) 7,563 11,839 10,498 1.39 

TSS (ppd) 8,335 13,239 13,273 1.59 

TKN (ppd)1 793.1 1 1,181 1.49 

NH3-N (ppd)1 642.7 1 871 1.36 

Variable Average Range   

pH 7.7 7.4 – 8.3   

Temperature (c) 19.6 13.8 – 26.2   
1 – Insufficient N data to calculate running 30 day averages 

Temperature, as shown in Figure 4.3 was based on the plant-reported values sampled from 
the influent. Process temperature is a critical parameter for the capacity evaluation of the 
secondary treatment system.  
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City of Prescott : Sundog WWTP Temperature and pH  2006 - 2009
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Figure 4.3  Sundog WWTP Influent Temperature and pH 2006 to 2009 
 

The seasonal maximum month flow and maximum month concentration data at Sundog 
WWTP are not coincident.  During high flow conditions (typically winter), the influent 
concentrations are diluted, during average flow conditions concentrations can be elevated 
due to tourism and other factors.  Therefore two seasonal maximum load conditions were 
estimated. Table 4.4 represents the recommended wastewater concentration 
characteristics at average annual, and maximum month summer and maximum month 
winter conditions.  The winter maximum month load is based on the average concentration 
at maximum flow.  These will be used for the existing Sundog WWTP capacity evaluation.  
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Table 4.4       Current Wastewater Influent Loadings 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona  

Parameters Average 
(mg/L) 

92%ile 
Max 

Month 
(mg/L) 

92% Max 
Month: 

Average Annual 
Peak Factor 

Summer 
Max Month Load 

(ppd) 

Winter  
Max Month Load 

(ppd) 

BOD5 390 608 1.56 2.58x608x8.34= 
13,082 

2.58x2x390x8.34= 
16,783 

TSS 418 676 1.62 2.58x676x8.34= 
14,545 

2.58x2x418x8.34= 
17,988 

TKN 39.5 57 1.39 2.58x57x8.34=  
1,226 

2.58x2x39.5x8.34= 
1,700 

NH3-N 31.5 48.8 1.52 2.58x48.8x8.34=  
1,050 

2.58x2x31.5x8.34= 
1,356 

Note:  The winter peak load used for evaluation purposes is 30/38% higher than the maximum month load 
measured in 2006/2009.  The reason for this anomaly is to account for the extremely high winter loads 
measured in 2006/2007.    

 

The current existing wastewater concentrations are significantly higher than the criteria 
used for the original design of the secondary treatment facilities.  Table 4.5 summarizes the 
comparison between the original design criteria and current existing conditions, as it 
pertains to influent wastewater concentrations. The existing BOD and TSS wastewater 
concentrations are higher than the original design criteria values by up to 4.0 times.  
 

Table 4.5      Current Influent Wastewater Concentrations Compared with 1990  
Design Values 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

 Existing Conditions Current Conditions (1990) 
 Average Max Month Average Max Month 
BOD5 (mg/L) 373 608 152 166 

TSS (mg/L) 402 676 165 171 

TKN (mg/L) 39.5 57 N/A N/A 

NH3-N (mg/L) 31.5 48.8 24 30 
 

Table 4.6 summarizes the comparison between 1990 design values and current existing 
conditions, as it pertains to influent wastewater mass loadings. Mass loadings are the 
product of flow and concentration and ultimately determine the loadings to the secondary 
system. The average influent flows are 43% of the original design values. However, the 
average BOD and TSS mass loadings are approximately the same as the 1990 average 
load.  The maximum month loadings are almost 100 percent higher than the original 
maximum month design values.  The design average and maximum month NH3-N loads 
are also higher than the existing conditions. 
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Table 4.6      Current Influent Wastewater Flow and Load Compared with 1990  
 Design Values 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

 Current Conditions Design Conditions (1990) 
 Average Winter 

Max Month 
Average Max Month1

Flow (mgd) 2.58 5.16 6 6.5 

BOD5 (ppd) 7,563 16,783 7,606 8,999 

TSS (ppd) 8,335 17,988 8,557 8,945 

NH3-N (ppd) 678 1,355 1,200 1,626 
1 – Maximum month load for the 1988 design condition was calculated assuming maximum 
month flow and concentration were coincident.  

4.4 Wastewater Simulation Model Constants and Model Configurations   

4.4.1 Capacity Evaluation Model 

A process model (BioWinTM) was used to evaluate the treatment capacity of the Sundog 
WWTP. The process model simulates the plant performance based on inputs for flow, 
loading, and other operating conditions.  The model uses kinetic and stoichiometric 
parameters for calculating outputs.  Outputs from the model are process effluent 
characteristics, process safety factors on achieving given criteria, or the allowable loading 
to prevent process failure.  The model also generates projections for biosolids production, 
oxygen utilization, etc., that can be used to size auxiliary facilities (e.g., blowers, pumps, 
etc.) 
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4.4.2 BioWinTM Simulation Model Configurations 
 

Table 4.7       Wastewater Treatment Process Units for Modeling 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

 Existing Process Equipment 
 Number Parameters 
Primary Clarifiers 2 Area = 4,350 ft2 each 

SWD = 10ft 

Oxidation Ditches 2 Volume = 175,000 ft3 
SWD = 11ft 

Final Clarifiers 2 Diameter = 80ft 
SWD = 15ft 

Screw Pumps (RAS) 3 (2+1) 2,100 gpm each 

WAS pumps 2 75 gpm 

Tertiary Filters 2 65x15 ft each 
Dual media – anthracite/sand 

Chlorine Contact Tank 2 44X30X8 

Sludge Thickening 2 Gravity Belt 
Thickeners 

1 m width 

Anaerobic Digesters 2 50 ft diameter, SWD – 25ft 
Volume – 49,000 ft3 each 

Belt Filter Press  1 2 m width 
 

The BioWinTM model was configured to simulate the existing unit processes at the Sundog 
WWTP as summarized in Table 4.7. The BioWinTM model schematic is shown in Figure 4.4.   

AX2 OX3 Effluent

Dewatered Sludge

OX1 OX2 OX4AX1

Digester 1Digester 2

Inf

 
Figure 4.4  Sundog WWTP BioWinTM Model Configuration Schematic 

 

4.4.3 BioWinTM Model Calibration 

BioWinTM is a COD based mass balance approach using physical and biological models to 
simulate interactions between the different unit processes in a wastewater treatment facility.   
This means that the mass balance that is calculated is designed to balance the COD (not 
BOD5 or TSS).  Therefore adjustments and assumptions have to be made to utilize the 
BOD5 and TSS values typically measured in conventional wastewater treatment.  In 
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addition, BioWinTM has over 200 kinetic, stoichiometric, settling, biofilm and other constants 
or factors that can be adjusted to calibrate model.  These factors and the default values are 
provided in Appendix A.  Typically the default values are used for almost all of these 
constants/factors in most simulations of WWTPs.  However some key factors need to be 
calibrated for the model to represent a specific WWTP.   

The following model influent characteristics were estimated based on Sundog WWTP 
influent data available and model calibration feedback data.  
 

Table 4.8       Influent Wastewater Concentrations for Simulation Modeling 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

 Model Input  
Parameter Max Month 

Winter  
Max Month 

Summer 
 

Flow (mgd) 5.16 2.58  

BOD5 (mg/L) 390 608  

TSS (mg/L) 418 676  

TKN (mg/L) 39.5 57.0  

NH3-N (mg/L) 31.5 48.8  

Temperature C 12.4 20  

Alkalinity (mg/L as CaCO3) 295 295  

BioWinTM COD Fractionation   Commentary 

COD (mg/L) 893 1,374 2 – 2.3 x BOD5 

typical 

Readily biodegradable COD (%) 18.8% 19% 20% default 

VFA fraction of COD (%) 15% 15% 15% default 
 

The approach used for model calibration was to incorporate the available plant data as 
inputs to the model, and compare the steady state model predictions with annual average 
and maximum month plant data. The annual average influent BOD5, TSS, TKN, NH3-N 
values were used as inputs for the model calibration. Graphs of process data used in the 
model calibration procedure are included in Appendix A.  In addition an sludge volume 
index (SVI) value of 175 mL/g was used for modeling secondary clarifier capacity.  The 
historical median SVI at the Sundog WWTP is actually 190 mL/g.  The reason for the high 
SVI is the proliferation of Microthrix parvicella, a known foaming and bulking filament in the 
MLSS1.  A first step for Sundog WWTP is to control this filament using established 
techniques; therefore a more reasonable SVI was selected.  
 
For the Sundog WWTP, the following factors were adjusted based on actual plant data. 
 

                                                 
1 Michael Richard Wastewater Microbiology LLC.  Microscopic Examination Results for Sludge 
Samples Dated 3/30/09.  March 31, 2009 
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Table 4.9       Simulation Model Constants Adjusted 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

 Simulated Conditions 
 Default Adjusted 
Settling Parameters 5.16 2.58 

Maximum Vesilind Settling Velocity (Vo) – m/d 170 156 

Vesilind hindered zone settling parameter (K) – L/g 0.37 0.44 

Clarification Switching Function – mg/L 100 20 

Specified TSS conc. for height calc. – mg/L 2500 2500 

Maximum Compactability Constant – mg/L 15000 15000 
 
The model was calibrated to match predicted values with the actual reported average 
values of effluent ammonia, nitrate and nitrite concentration, volatile fraction of the MLSS, 
solids production in the waste activated sludge (WAS) stream, and digested solids 
production. The model predictions are in relatively good agreement with the plant data for 
average annual and maximum month conditions.  Model calibration results are presented in 
Table 4.10 and 4.11.  
 
Table 4.10      BioWinTM Simulation Model Calibration Results – Average 2006 - 2009 

 Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

 Model Output for Average  
Parameter Actual BioWinTM Commentary 
MLSS (mg/L) 2,491 2,524  

MLVSS (mg/L) 2,005 1,910  

WAS (mg/L) 6,547 5,878  

Effluent TKN (mg/L) 2.1 1.63  

Effluent NH3-N 
(mg/L) 

1.9 0.39 Actual average NH3-N and NOX-N 
may be higher due to diurnal flows.
 Effluent NOx-N 

(mg/L) 
4.1 3.53 

Process Parameters    

F:MV (lb BOD/lb 
MLVSS) 

0.11 0.12  

SRT (days) 
(total/aerobic) 

9.8 9.8  

WAS (lbs/d) 4,045 3,682 Average historical WAS values may 
be confused by returns and influence 
of Airport WRF solids.  Model data 
matches April 2009 data when 
Airport sludge was diverted. 
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Table 4.11     BioWinTM Simulation Model Calibration Results –  
                      Maximum Month 2006 - 2009 

Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

 Model Output Current  

Parameter Max Month 
Summer 

Max Month 
Winter 

Commentary 

MLSS (mg/L) 4,382 4,912  

MLVSS (mg/L) 2,967 3,722  

WAS (mg/L) 10,203 11,438  

Effluent TKN (mg/L) 2.03 1.61  

Effluent NH3-N (mg/L) 0.38 0.40 The model indicates that 
the plant could nitrify under 
sustained max month flow 
conditions if the MLSS 
could be contained in the 
aeration basin.  However at 
an average SVI of 170 mL/g 
this is not possible. 

Effluent NOx-N (mg/L) 3.79 3.39  

Process Parameters    

F:MV (lb BOD/lb MLVSS) 0.14 0.13  

SRT (days) (total/aerobic) 8.5/5.67 9.84/6.56  

WAS (lbs/d) 7,379 9,935  

4.5 Sundog WWTP Capacity Evaluation Criteria   

Overall plant capacity is determined by the individual firm capacity of individual unit 
processes.   The evaluation criteria of the individual unit processes are summarized in 
Table 4.12. 
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Table 4.12    Wastewater Treatment Process Units Evaluation Criteria 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

 Process Equipment Evaluation Criteria 
 Criteria Commentary 
Headworks - Hydraulic peak 

flows 
Maximum rated capacity was compared 
to peak daily or peak hourly flows. 

Primary Clarifiers - Influent Flow Maximum rated capacity was 
compared to peak daily or peak hourly 
flows 

Tertiary Filters - Hydraulic peak 
flows 

- Secondary 
effluent turbidity 

Maximum rated capacity was 
compared to peak daily or peak hourly 
flows 

Chlorine Contact Tank - Hydraulic peak 
flows 

Maximum rated capacity was 
compared to peak daily or peak hourly 
flows 

Belt Filter Press  - Digester 
Efficiency 

Maximum rated capacity was 
compared to peak weekly solids 
production 

Oxidation Ditches 
Final Clarifiers 
Screw Pumps 
WAS pumps 
Sludge Thickening 
Anaerobic Digesters 

- Influent flow 
- Influent loads  
- Solids retention 
- Time (SRT)  
- Mixed Liquor 

Suspended 
Solids (MLSS) 

BioWinTM modeling 

 
The secondary process treatment capacity, sludge thickening and anaerobic digester 
capacity were all evaluated based on their capacity to operate effectively at different design 
influent flow and loadings. The process modeling approach for the activated sludge process 
was to allow the secondary clarifier overflow rate and solids loading safety factor to 
determine the maximum acceptable operating mixed liquor suspended solids (MLSS) 
concentration in the aeration basins.  This resulting maximum MLSS results in a calculated 
solids retention time (SRT) and F:M (lb. 300/lb. MLVSS) of the secondary system.  The 
SRT, and F:MV were evaluated together with the effluent characteristics to determine 
whether the predicted performance of the secondary system would be acceptable to meet 
the effluent quality criteria. 

The main requirement in the selection of a minimum required SRT is that the operating 
aerobic SRT must be long enough to support stable nitrification throughout the year.  

BioWinTM requires that a nitrifier maximum specific growth rate (MAX) and a nitrifier decay 
rate be selected.  The default value of 0.7/d with an Arrhenius factor of 1.072 for nitrifier 
growth and a value of 0.17/d with an Arrhenius factor of 1.029 was utilized in the evaluation.  

The Arrhenius factor adjusts the MAX and bN for wastewater temperature using the formula:  

  
 
 

T = (MAX) x 1.072^(T-20) - bN  x 1.029^(T-20) 
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Where: 

T = Specific growth rate @ T 

MAX = Maximum specific growth rate 

T = temperature 

bN = decay rate constant 

The minimum aerobic SRT during winter for this selected MAX is then calculated at 1/T or 
3.76 days without any safety factor.   Safety factors are required as the minimum SRT does 
not account for hydraulic effects, and other factors like diurnal flow patterns.  The safety 
factor employed in this evaluation is 250% for a minimum aerobic SRT of approximately 9.4 
days.  A shorter aerobic SRT compromises the ability of the plant to successfully nitrify, 
especially under winter conditions.   

The clarifier capacity is determined using Solids Flux theory.  The Daigger correlation was 
used for determining the settling velocity and a compression factor for the mixed liquor 
solids.  Ekama also proposed that an 85% safety factor needs to be applied to the solids 
flux curve.  The purpose of maintaining a clarifier flux safety factor of 85% is to prevent 
solids carryover in the effluent from the secondary clarifiers.  The expected clarifier solids 
flux at the calculated SRT/MLSS, and RAS is then plotted on the solids flux curve.  The 
maximum solids flux occurs at the intersection of the Solids Flux curve adjusted by the 85% 
Ekama factor.   

Effluent characteristics are other important criteria in determining the capacity of the 
secondary process. The governing criterion for this analysis was the effluent total nitrogen 
(TN), which is the sum of ammonia (NH3-N), nitrate (NO3-N), nitrite (NO2-N), and organic 
nitrogen.  A maximum total inorganic nitrogen (TIN) concentration of approximately 6 mg/L 
was selected. TIN includes ammonia, nitrate and nitrite nitrogen. This criterion allows the 
organic nitrogen concentration to be approximately 2 mg/L before the effluent TN reaches 
the alert level of 8 mg/L, as identified by the plant’s Aquifer Protection Permit. Plant records 
for 2006-2009 indicated that the average effluent organic nitrogen concentration was 
approximately 0.91 mg/L. 

In addition to the TN criterion, maximum effluent ammonia and nitrite concentrations of 
approximately 2.0 and 1.0 mg/L, respectively, were used for the evaluation. These 
concentrations are mainly controlled by the extent of nitrification in the system. The most 
critical conditions are maximum month loadings during winter conditions, which result in 
decreased aerobic SRT values that make nitrification during winter months the controlling 
factor. 

4.6 Capacity Determinations   

4.6.1 Preliminary Treatment 

The influent Parshall flume has a maximum flow measurement capacity of 10 mgd.  The 
mechanical screen and pista grit removal units at the headworks facilities have a rated peak 
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flow capacity of 15 mgd. The bar screen capacity is based on a maximum clear velocity of 
4.5 feet per second (fps) at the maximum water level.   

As discussed in TM7, the flow equalization is recommended to limit peak hour flows to the 
tertiary filters at maximum month flows or 2 times average annual flow.  For purposes of 
this TM, maximum hour flow will be considered at a minimum peaking factor of 4.5 or 21.87 
mgd. 

4.6.2 Primary Treatment 

Each primary clarifier has a surface area of 4,350 ft2, with a SWD of 10ft.   Table 4.11 
presents the primary clarifier operating conditions: 
 

Table 4.13    Primary Clarifier Evaluation 
Technical Memorandum No. 3S - Sundog WWTP Existing Conditions 
City of Prescott, Arizona 

 Process Equipment Evaluation Criteria 
Flow (mgd) Surface Overflow Rate 

(gpd/ft2) – both in service 
Surface Overflow Rate 

(gpd/ft2) – one in service 
Average (2.58) 297 593 
Maximum Month (5.16) 593 1,186 
Design Average (6) 690 1,379 
Design Peak Hour (15) 1,724 3,448 

 
Typical primary clarifier design SORs are 800 - 1,200 gpd/ft2 for average flow, and 2,000 -
3,000 gpd/ft2 for peak flow.  The clarifier surface area is within typical design values for 
current conditions.  The firm capacity of the primary treatment process without improvement 
is estimated to be an average 3.1 mgd, or peak 13.1 mgd. 

For modeling purposes, the primary clarifier solids removal efficiency has been estimated at 
60%. 

4.6.3 Secondary Treatment – Oxidation Ditches and Clarifiers 

 The capacity of the oxidation ditches and final clarifiers is directly related to the operating 
MLSS concentration in the basins. The capacity of the basins for BOD5 and nitrogen load 
increases with the operating MLSS, but the operating MLSS concentration also determines 
the capacity of the secondary clarifiers.  The capacity of the secondary clarifiers decreases 
with operating MLSS (assuming constant SVI), because the solids loading rate on the 
clarifiers increases with increasing MLSS.  Therefore, the capacity of an activated sludge 
system is an optimum combination of aeration basin volume and secondary clarifier surface 
area.  Operating parameter charts for the secondary process are provided in Appendix A.   
 
The average operation of two secondary clarifiers is illustrated on Figure 4.5.  The dark 
brown line is the Ekama safety factor that is applied to the solids flux based on a 175 mL/g 
SVI.  The typical flow condition of 2.58 mgd is shown with the open circle and the peak flow 
condition is shown with the filled circle.  Both of these conditions are easily under the solids 
flux curve indicating that the existing WWTP has adequate clarifier capacity at present flows 
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and average loads.  However when one clarifier is removed from service as shown in 
Figure 4.6, the plant has adequate capacity for average flows but not for peak flow 
conditions. 

The methodology used in evaluating the Sundog WWTP was to calculate a minimum 
clarifier safety factor of 2.0.  The methodology employed is as follows: 

 Calculate the initial settling velocity using the Vesilind equation (Vx = Vo x e(-nX)).  The 
initial settling velocity (ISV = VX) is calculated at the specific aeration basin MLSS 
that is being considered. 

 Measure or utilize literature references for the two parameters Vo and n, when site-
specific values are not available.  (For this study, the Daigger correlation has been 
used to estimate settling parameters).   

 The Clarifier Safety Factor (CSF) is then calculated by dividing the initial settling 
velocity by average day flow Surface Overflow Rate. A value greater than 2 is 
desired for a minimum safety factor.  This typically provides sufficient capacity to 
accommodate peak flows. 

The average clarifier safety factor is 5.1/2.55 for 2/1 clarifiers respectively.  The CSF 
approach may not be conservative enough for the peak wet weather conditions. Problems 
with inflow and infiltration (IOI) in the Prescott sewage collection system should be 
addressed to reduce these extraneous flows.  IOI considerations are addressed further in 
Technical Memorandum No. 4 – Influent and Effluent Management.” 
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Figure 4.5  Sundog WWTP Clarifier Analysis at Average 2006 to 2009 – 2 in Service 
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Figure 4.6  Sundog WWTP Clarifier Analysis at Average 2006 to 2009 – 1 in Service 
 

The model was then utilized to simulate maximum month concentration conditions at 
average flow, and average month concentration conditions at maximum month flow.   

The average operation of two secondary clarifiers at [Max Month] and Average Flow is 
illustrated below in Figure 4.7.   The typical flow condition of 2.58 mgd is shown with the 
open circle and the peak flow condition is shown with the filled circle.  Both of these 
conditions are under the solids flux curve indicating that Sundog WWTP has adequate 
clarifier capacity at average flow and maximum month concentration.  However when one 
clarifier is removed from service as shown in Figure 4.8, the plant will fail under peak flow 
conditions. 

The average operation of two secondary clarifiers at [Avg concentration] and Max Month 
flow is illustrated below in Figure 4.9.  Both max month flow conditions are outside the 
solids flux curve indicating that Sundog WWTP clarifiers will fail under this loading 
condition.   

The [Max month], average flow clarifier safety factor is 2.0/1.0 for 2/1 clarifiers respectively.  
The CSF approach confirms that the plant will fail under one clarifier operation.  The [Avg 
month], max flow clarifier safety factor is 1.1/0.6 for 2/1 clarifiers respectively.  The CSF 
approach confirms that the plant will fail under this loading condition.  
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Figure 4.7  Sundog WWTP Clarifier Analysis at [Max Month] and Average Flow,  

2006 to 2009 - 2 in Service 
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Figure 4.8  Sundog WWTP Clarifier Analysis at [Max Month] and Average Flow,  

2006 to 2009 - 1 in Service 
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Figure 4.9  Sundog WWTP Clarifier Analysis at [Avg Month] and Max Month Flow, 

2006 to 2009 - 2 in Service 
 

4.6.4 Secondary Treatment – Aeration Equipment and RAS Rate 

Aeration 

The 1990 improvement project design average Standard Oxygen Transfer Rate (SOR) was 
1,550 lbs O2/hr.  The model indicates a SOR of 1,421 lbs O2/hr, and a demand for air during 
max month flow and average concentrations at 3,603 scfm.  Based on these values, the 
aeration system is adequate for current maximum month flows and average concentrations, 
but additional supplemental aeration would be required for flows and concentrations 
beyond current conditions. 

Screw Pumps 

The current plant has a RAS firm capacity of 2,100 gpm each, with two pumps in operation 
and one pump in standby. Based on process model calculations, the RAS is sufficient to 
maintain the required RAS flows up to the design plant flow of 6.0 mgd. The RAS capacity 
of 6 mgd translates to a RAS ratio of 40 percent at the peak day flow capacity under current 
conditions.   

Denitrification 

As part of the capacity analysis, a field investigation was conducted to assess periodic 
operating challenges to achieve complete denitrification.   
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The investigation consisted of DO and temperature profiling in addition to physical 
observations.  In general, the major findings of the field investigation included identification 
of a flow split imbalance between ditch 1 and 2, the need for improved DO control and the 
need for testing the process response to polyaluminum chloride addition.  Detailed analysis 
and findings are described in Appendix C. 

4.6.5 Tertiary Treatment 

Tertiary treatment is addressed in TM7.   

UV Disinfection 

Disinfection of the effluent in 1988 was through chlorine disinfection.  However, UV 
disinfection equipment was recently installed in 2002 to disinfect pathogens.  One of the 
chlorine contact tank channels was modified to accept UV disinfection banks.  The 
disinfection system is intended to produce a disinfected effluent that could be “recharged, 
stored and recovered from the groundwater.”  The UV system is designed to ensure 
compliance with the disinfection requirements of Class B+ reclaimed water.  Class B+ 
reclaimed water must meet the following criteria2 after disinfection treatment and before 
discharge to a reclaimed water distribution system: 

a. The concentration of fecal coliform organisms in four of the last seven daily 
reclaimed water samples is less than 200 / 100 ml. 

b. The single sample maximum concentration of fecal coliform organisms in a 
reclaimed water sample is less than 800 / 100 ml. 

Figure 4.10 indicates that the Sundog WWTP typically is in compliance with Class B+ 
reclaimed water criteria.   
 

                                                 
2 Arizona Administrative Code.  R18-11-305. Class B+ Reclaimed Water 
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City of Prescott : Sundog WWTP Fecal Coliforms Class A+ Compliance
 2006 - 2009
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Figure 4.10  Sundog WWTP Compliance with Class B+ Reclaimed  

Water Criteria - 2006 to 2009 

The reasons for non compliant disinfection could be due to turbidity, UV transmissivity of 
the effluent, fouled lamps or reduced lamp efficiency.  However, some of the excursions in 
January 2008 are attributable to higher effluent turbidity.  The plant also injects chlorine into 
the effluent upstream of the UV disinfection system to assist in algae control.  This chlorine 
injection is helpful in keeping UV lamps clean.  However, the average chlorine residual and 
disinfection contact time is probably too low to assist in controlling excursion fecal coliforms 
as Figure 4.11 indicates.  In some instances this could be as a result of high ammonia in 
the effluent.  Residual ammonia in the effluent results in the formation of chloramines rather 
than free chlorine.  Chloramines are not as effective a disinfectant as free chlorine.   
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City of Prescott : Sundog WWTP 
Fecal Coliforms > 200 cfu and Average Chlorine Residual - 2006 - 2009
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Figure 4.11  Sundog WWTP Fecal Coliforms >200 cfu/100 mL and  
Average Chlorine Residual - 2006 to 2009 

 

The UV and chlorine dosing system may be adequate for current flows and current effluent 
ammonia levels with Class B+ reclaimed water criteria.  However, the UV system must be 
expanded for Class A+ reclaimed water criteria.   

4.6.6 Biosolids Thickening, Stabilization and Dewatering 

Biosolids Thickening 

Primary sludge is thickened in the primary clarifiers and waste activated sludge is thickened 
with gravity belt thickeners.  The gravity belt thickeners were sized as 2 units (1 out of 
service currently), 1 meter belt width, for an average  WAS load of 3,780 ppd and a 
maximum WAS load of 4,540 ppd.  The simulation model estimates an average WAS load 
of 4,250 lbs/d and a 92% load of 7,255 lbs/d.  The single gravity belt thickener is operating 
at the maximum design condition.  Additional thickening capacity is required. 

Anaerobic Digestion 

The digester feed and wasted VS loads are provided in Figure 4.12.  The Airport WRF 
activated sludge was stabilized in the Sundog WWTP digesters until April 17, 2009, when 
the Airport WRF centrifuge came online.   
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City of Prescott : Sundog WWTP Digester Load  2006 - 2009
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Figure 4.12  Sundog WWTP Anaerobic Digester VS Influent and Wasted –  
2006 to 2009 

 

The 2 anaerobic digesters were sized for a volatile suspended solids load of 2,590 lbs/day.  
This is a VS load of 0.026 lbs VS/d/ft3 with both tanks in service and 0.052 lbs/d/ft3 with one 
tank in service (during digester cleaning).  Conservative design practice suggests a VS 
loading rate of 0.04 to 0.1 lbs VS/d/ft3.   The average influent VS load based on the 
simulation  model was approximately 6,653 lbs/d.  The average influent VS load measured 
during 2006-2009 was 7,612 lbs/d.  The maximum VS load based on the simulation model 
was estimated to be 12,221 lbs/d and the measured 92%ile load was 11,456 lbs VS/d/ft3.  
The reason for the measured average higher loading rates is the additional load from 
Airport WRF.  The modeled VS loading rates are 0.068 and 0.125 lbs VS/d/ft3, while 
measured VS loading rates are 0.078 and 0.117 lbs VS/d/ft3 respectively for both digesters 
in service.  The average VS reduction was 45% but this is not a stable or reliable operating 
condition and has been declining as shown in Figure 4.13.  
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Figure 4.13  Sundog WWTP Anaerobic Digester VS% Destruction - 2006 to 2009 
 

The biogas generation rates per lb of VS destroyed is presented in Figure 4.14.  This data 
includes Airport WRF biosolids.  The biogas generation rates have been declining as the 
linear trend line suggests.  This implies that digestion is no longer as effective.  There could 
be multiple reasons for this including overloading, reduced mixing efficiency, less efficient 
primary clarifier performance, and buildup of grit in the digesters reducing effective volume 
(although grit accumulation is unlikely as very little was found when cleaning the secondary 
digester in 2007).  Presently the WWTP has insufficient capacity to remove a digester from 
service to inspect these tanks.  
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City of Prescott : Sundog WWTP Digester 
Biogas Produced per lb VS destroyed 2006 - 2009
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Figure 4.14  Sundog WWTP Anaerobic Digester Biogas Produced per lb  
VS Destroyed - 2006 to 2009 

 

The anaerobic digesters are inadequate for processing current flows and loads with Airport 
WRF solids.  However, with the Airport WRF operating a new centrifuge this should not be 
an issue except under extreme equipment failures.  The digester capacity is sufficient for 
Sundog WWTP 2009 flows and loads, but additional capacity is required for maintenance of 
reliable operation at current loads.   

Sludge Dewatering 

A single 2m wide belt filter press provides dewatering of digested sludge prior to disposal.  
The requirements described in the Sundog WWTP design Improvement memorandum was 
for a 7 hrs/day, 7 days a week operation.  The modeled average wasted biosolids loads are 
5,146 lbs/d.  The wasted biosolids load from the digesters is provided in Figure 4.15.  The 
measured average TS wasted in 2006-2009 was 5,240 lbs/day (including stabilized Airport 
WRF sludge).  The 92% TS wasted was 7,800 lbs/d.   Belt filter presses are typically sized 
by solids loading rate.  A reasonable solid dewatering rate is 750 lbs/m of belt width/hr of 
operation.  Therefore the average digested biosolids production will require 5,146/750 or 7 
hours/day operation.  The 92% ile load currently requires 7,800/750 or 10.4 hours of 
maximum operation per day. Typical operation occurs 5-6 hours each day.   

The single belt filter press was operating at the design condition (49 hours/week) under 
average loads and above the design condition for higher loads.  However, diverting Airport 
WRF has reduced the solids dewatering load.  In addition, a single belt filter press provides 
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no redundancy particularly coupled with anaerobic digesters that are also operating at 
capacity.  Additional solids dewatering capacity is required for reliable operation at current 
loads. 

City of Prescott : Sundog WWTP Digester Biosolids Wasted 2006 - 2009
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Figure 4.15  Sundog WWTP Anaerobic Digester TS Wasted - 2006 to 2009 
 

4.7 Capacity Analysis Summary   

Figure 4.16 summarizes the capacity analysis for the existing facilities at the Sundog 
WWTP.  The overall plant hydraulic capacity remains at the original design capacity of 6.0 
mgd and unit process that are hydraulically sized (bar screen, grit removal, primary 
clarifiers) are still in alignment with the original design parameters.  However, the overall 
treatment capacity of the existing plant has been reduced to approximately 3.0 mgd 
compared with the original design capacity of 6.0 mgd.  The reason for this reduction in 
capacity is the fact that influent concentrations have more than doubled for influent BOD5 
and TSS and this has a corresponding impact on the biological treatment system (aeration 
basins and secondary clarifiers) and solids related processes (sludge thickening, sludge 
dewatering, anaerobic digesters).  These unit processes limit the overall treatment capacity 
to approximately 3.0 mgd as shown in Figure 4.16.  The following comments are also noted 
regarding the unit process capacities: 

 Figure 4.16 gives the average day capacity for biological treatment, filtration, and 
UV disinfection.  In order to maintain these rated capacities, the Sundog WWTP will 
require flow equalization facilities to handle peak wet weather events. 
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 There is only a single gravity belt thickener for thickening WAS – a redundant unit is 
recommended to maintain reliable capacity.  The existing unit is operated 
continuously to maintain capacity and optimize performance. 

 The entire digested sludge dewatering facility, while “rated” at 3.0 mgd, is near the 
end of its useful life and needs to be replaced.  The existing unit must operate 10 
hours per day, 7 days per week during maximum month conditions to maintain 
capacity. 

 The filtration capacity shown is approximate since the existing filters have 
experienced an underdrain failure and need to be replaced in the near future (see 
TM #7 – Tertiary Filtration Evaluation). 

 

Figure 4.16  Sundog WWTP 1990 Design Versus 2009 Estimated 
Unit Process Capacity



Prescott Sundog WWTP and Airport WRF 
Capacity and Technology Master Plan 

Technical Memorandum No. 3S 
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5.0 PLANT ISSUES, NEEDS AND OPERATIONAL PREFERENCES 

5.1 Headworks 

The existing Headworks consists of a parshall flume, mechanical bar screen, manual 
bypass screen and a vortex grit removal basin.  The existing 24 inch plant influent 
discharges to the Headworks facility.  A new Sundog Trunk Main is scheduled to begin a 3 
year phased design in 2010 design and 2011 start of a 3 year construction phasing.  The 
alignment of the new trunk main has yet to be determined and will determine the location of 
the new Headworks facility.  

The parshall flume is utilized for influent flow measurement utilizing an ultrasonic level 
detector.  Prior to 1990 the ultrasonic was not programmed to read flows higher than 5.0 
mgd.  The ultrasonic has since been reprogrammed to measure flows up to 10.0 mgd.  The 
plant experiences high wet weather peak flows due to I/I issues, however the extent of the 
peak flows is unknown due to limitations within the influent flow measurement system.  A 
larger parshall flume is required to accurately measure the actual peak wet weather flows. 

A single mechanical bar screen provides influent screening.  The 3/4-inch bar spacing 
allows a significant amount of debris to pass through the screen and into the downstream 
processes.  Raw screenings are discharged to a wheelbarrow for removal by plant staff.  
The unwashed and uncompacted screenings stored in the wheelbarrow create an odor and 
vector issue.  The plant staff would like to have a second mechanical influent screen to 
provide redundancy.  A washer/compactor is recommended for installation during the next 
upgrade to clean the raw screenings and reduce odor and vector issues.  A 
washer/compactor will also reduce the manpower required for screenings operations. 

A single vortex grit removal basin is located downstream of the influent screens for removal 
of large inorganic materials such as rocks and cinders.  The single basin was originally 
sized to handle the peak wet weather flows of 15 mgd; however the Smith Loveless Model 
20 Pista Grit unit installed is capable of peak flows up to 20 mgd.  An approach velocity 
greater than 2 feet per second is required for proper operation of the system, which equates 
to approximately 3.5 mgd.  Influent flows frequently fall below this number and create 
operational issues.  The plant staff, along with the manufacturer, has installed a baffle plate 
on the inlet to reduce the inlet channel width and increase the influent flow velocity.  Two 
half size grit chambers would provide better process control and allow isolation of a single 
unit during sustained periods of low flow.  A single new grit concentrator can be installed to 
serve both of the grit chambers.  The large amount of grit accumulation in the oxidation 
ditches confirm the lack of performance.  
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The recommendations for the Headworks are as follows: 

 New Headworks facility to be coordinated with new Sundog Trunk Main. 

 Parshall flume sized for peak wet weather events equipped with ultrasonic level 
detector programmed for entire range of influent flows. 

 Redundant influent screens. 

 Screening washer/compactor to decrease operations and reduce odor and vector 
issues. 

 Multiple smaller vortex grit basins to handle the wide range of influent flows. 

 Integrated septage receiving station, refer to Section 5.9. 

5.2 Primary Clarifiers 

The existing secondary clarifiers were retrofit during the 1990 plant expansion to serve as 
the primary clarifiers.  A splitter box divides the flow and directs it to the individual clarifiers.  
The primary sludge pumps are on timer control.  Scum collected from the surface of the 
clarifiers is pumped to a sludge drying bed for disposal creating an odor and vector issue. 

The recommendations for the primary clarifiers are as follows: 

 Install sludge blanket level detectors for process control and procure hand held 
devices. 

 Filter the scum and meter to the anaerobic digesters in lieu of disposal to the drying 
bed. 

5.3 Settled Sewage Pump Station 

The Settled Sewage Pump station consists of three arcamedian screw pumps to deliver 
flow to the oxidation ditches.  The pump station receivers, primary effluent, RAS, filter 
backwash and filtrate flows.  Only two of the pumps can be on standby power.  Plant staff 
stated that power failures longer than 10 minutes result in overflowing of the filtrate 
manholes due to backflow in the line.  A check valve is recommended to resolve this issue.   

5.4 Oxidation Ditches and Aeration Blowers 

The oxidation ditches receive flow from the Settled Sewage Pump Station and are a 
racetrack configuration.  The aeration blowers provide coarse bubble diffused aeration 
during peak loadings.  The original aeration system was designed for DO control; however 
the DO probes have been removed and aeration blowers are operated manually.  The 
brush rotors in the oxidation ditches are on timer control based on operator experience.  
The rotors are either on or off without VFD control. 
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DO control of the aeration system, blowers and rotors, would assist process control within 
the oxidation ditches.  Manual operation of the aeration system has either resulted in 
increased dissolved oxygen concentrations which inhibit denitrification or low dissolved 
oxygen levels which leads to lack of nitrification.  The overall result is a cyclical process that 
is either providing too much aeration or not enough aeration. 

The racetrack configuration has a long anoxic section without sufficient mixing which has 
resulted in solids settling within the oxidation ditches.  This is further exacerbated by the 
inefficiency of the grit removal and primary clarification processes.  The ditches have 
recently been drained and large deposits of grit removed.  Increased operation of the rotors 
to provide sufficient mixing results in increased levels of nitrates in the effluent, while 
decreased operation results in odors and setting of sludge within the basins.  Optimization 
of the rotor operation or additional mechanical mixing is recommended to resolve this issue. 

The cyclical operation of the aeration system has resulted in filamentous growth within the 
oxidation ditches producing foam and mixed liquor with high SVI.   A recent microscopic 
examination stated that 1) high levels of grease and oil, 2) longer sludge age and 3) 
septicity or low oxygen conditions are the cause of the foam.  Item 1 is discussed in Section 
5.10 Grease Receiving.  Item 2 is discussed in Section 4 dealing with the process operation 
of the oxidation ditches to treat the influent flow characteristics.  Item 3 is a result of lack of 
DO control within the oxidation ditches and can be resolved by providing automated control 
of the aeration system.  Chlorination of the RAS along with the addition of a chlorine spray 
system in the oxidation ditches would provide improved process control. 

The recommendations for the oxidation ditches and aeration blowers are as follows: 

 Automated DO control for the aeration system to provide better process control and 
reduce filamentous growth. 

 Mechanical mixing to improve mixing within the anoxic zones. 

 Chlorine spray system to control surface foam in the oxidation ditches. 

 Chlorination of the RAS line. 

 Install launder or V-notch weirs in flow splitter. 

 Install VFDs on all brush rotors. 

 Install DO probes, 4 per ditch. 

 Install PLC for DO control. 

 Install submersible mixers. 
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5.5 Secondary Clarifiers 

The two secondary clarifiers receive flow from the oxidation ditches.  Settled solids are 
either returned to the Settled Sewage Pump Station as RAS or wasted to the single 
operating gravity thickener.  Scum collected from the surface of the clarifiers is pumped to 
Settled Sewage Pump Station.  RAS flows by gravity to the Settled Sewage Pump Station 
and is controlled by in-line flow meter and control valves.  Two waste sludge pumps deliver 
WAS to the gravity belt thickener in the Digester Building. 

Algae growth on the weirs and launders is an operational issue.  The algae is currently 
removed by manual cleaning which takes one of the plant staff between 4 to 6 hours per 
week.  The installation of launder covers would prevent the growth of algae on the weirs 
and launders and allow plant staff to concentrate on process control issues rather than 
nuisance control. 

The recommendation for the secondary clarifiers are as follows: 

 Install sludge blanket level detector for process control. 

 Provide launder covers to reduce algae growth. 

5.6 Tertiary Filtration 

The existing traveling bridge filters have experienced failure of the underdrains.  The 
evaluation of the existing filters along with recommendations is located in TM7 Tertiary 
Filter Evaluation. 

5.7 Disinfection 

The original chlorine contact basins were retrofit with UV disinfection in 2002.  The current 
UV disinfection system is a Trojan 3000 medium pressure unit.  The existing system was 
installed without a wiper system to clean the lamps.  Over time contaminants bake onto the 
lamps reducing efficiency.  The plant staff currently injects a maintenance dose of 30 ppd of 
chlorine upstream of the filters.  The basin is uncovered resulting in algae growth within the 
basin and on the lamps and allows dust into the effluent reducing transmissivity. 

The recommendations for the UV disinfection system are as follows: 

 Automated flow pacing and transmissivity control. 

 Install wiper system to maintain efficiency and improve lamp life. 

 Adjust effluent gate control to reduce cycling 

 Cover basins to reduce algae growth and prevent dust intrusion. 
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5.8 Solids Processing 

Waste activated Sludge (WAS) is pumped from the secondary clarifiers to the gravity belt 
thickener in the Digester Building.  Thickened solids are collected in a wet well and pumped 
into the primary anaerobic digester.  Primary sludge from the primary clarifiers are pumped 
directly to the wet well.  Two anaerobic digesters are operated in series to stabilize the 
sludge.  Digested solids are pumped to a belt filter press for dewatering and sent out for 
land application.   

Two GBTs were originally installed, however one unit has been cannibalized for parts to 
maintain a single unit in operation.  The single GBT is operated 24 hours a day to thicken 
WAS to approximately 5 percent solids.  The second unit can be rebuilt with new parts and 
placed back into operation to improve process control and provide redundancy. 

Plant staff report very good mixing in the digesters with the draft tubes.  The plant currently 
operates at approximately 14 days HRT in the digesters.  The digested sludge meets Class 
B based on VSR of 50 to 55 percent and pathogen measurements; however they do not 
meet the required TxSRT for Class B.  Solids from the Airport WRF were hauled to the 
Sundog WWTP for processing until April 2009.  The digesters were unable to meet Class B 
requirements for the combined solids loading and hauling operations ceased.   

Digested solids are pumped from the digesters to the belt filter press (BFP) located in an 
adjacent building.  There is no significant storage for the digested sludge.  Digested sludge 
is currently batch wasted to the BFP, which is operated 5 to 6 hours per day 7 days a week.  
City staff has expressed the need for digested sludge storage and additional dewatering 
equipment to provide redundancy and reduce dewatering operations to 5 days a week with 
the new Airport WRF centrifuge. 

The recommendations for the solids processing are as follows: 

 Rebuild the second GBT to provide redundancy. 

 Additional digester volume to meet the required 15 day HRT for Class B. 

 Digested sludge storage for 5 days per week sludge dewatering operations. 

 New dewatering equipment and facility. 

5.9 Septage Receiving 

The existing septage receiving station was designed to accept septage and slowly pump 
into the influent.  The configuration has been modified and a pipe added to discharge 
directly into the influent sewer by gravity.  This results in slug loading of the biological 
treatment processes creating process upsets.  Ammonia concentrations of up to 180 mg/L 
have been seen in the blended plant influent. 
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A new septage receiving station is recommended to be integral to the new Headworks to 
provide flow and loading control.  Septage discharged should be held for testing prior to 
discharge to the influent to ensure toxic loads are not released into the plant.  The septage 
should then be screened and metered into the influent over a period of time to reduce 
shock loadings. 

5.10 Grease Receiving 

The plant currently accepts little grease over the course of the year and is transported via 
the collection system.  All grease is collected in a container and hauled offsite for disposal.  
The City is currently adopting a FOG Prevention Plan and grease hauling is expected to 
significantly increase over the coming years.  A separate grease receiving station is 
recommended to accept the grease and discharge to the anaerobic digesters.  The 
reduction of grease in the influent due the FOG Prevention Plan will help reduce the growth 
of filamentous organisms identified as the cause of surface foaming at the oxidation 
ditches.  Grease feed to anaerobic digesters significantly increases the production of 
digester gas.  The plant currently produces between 37 to 40 kcf of digester gas per day 
and utilizes approximately 10 to 12 kcf to fire the boilers providing digester heating.  The 
additional digester gas production may provide an opportunity for a new green energy 
source.   

5.11 Flow Equalization 

The plant experiences a significant amount of inflow and infiltration during the wet weather 
months as shown in Figures 4-1 and 4-2.  Peak flows have exceeded 9 mgd for the current 
flow condition, however the true peak flow is unknown due to limitations with the influent 
flow meter.  Peak flows to plant are projected to exceed 21 mgd for the future hydraulic 
design flow of 5.3 mgd.  Flow equalization and I/I control will be required to reduce peak 
flows to the plant.  I/I is addressed in TM No. 4 – Influent and Effluent Management.  Flow 
equalization is recommended onsite to reduce peak flow events for all process downstream 
of the primary clarifiers.  This strategy protects the operation of the biological processes 
downstream of the primary clarifiers and decreases the amount of infrastructure required for 
the secondary and tertiary treatment processes. 

5.12 SCADA 

The plant does not currently have any type of monitoring or control system available due to 
the SCADA system age and lack of control capability. At the minimum, monitoring of key 
processes and alarms notifications are desirable in the short-term. Monitoring and alarms 
would improve the reliability of the system, providing operators the ability to identify major 
upsets during unattended operation periods. In the long-term, instrumentation and control 
elements could be incorporated in a plant control system for automation of the major 
processes, such as secondary process equipment. Automation of major processes will 
optimize energy consumption, and provide a more reliable operation of the treatment 
process. 
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5.13 Electrical 

A detailed electrical evaluation is recommended to address the stand-by power 
requirements of the plant.  It is currently planned to replace the existing 300 kW stand-by 
generator with a 1 MW unit. 

5.14 Miscellaneous 

Several miscellaneous issues were discussed which are listed below. 

 The existing effluent line to the recharge basins is at capacity.  A new effluent line 
will be required for buildout flows. 

 The ¾-inch hose bib connections throughout the plant are undersized for washdown 
operations.  Plant supervisory staff expressed interest in providing larger fire hydrant 
connections for washdown operations. 

 The existing non-potable water system requires upgrades to accommodate current 
and future conditions.  
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ES3A TM 3A – AIRPORT WRF EXISTING CONDITIONS 
  
ES3A.1 Introduction 

The purpose of this technical memorandum is to gather, organize, and document existing 
conditions for the Airport WRF, including available data, physical condition of existing 
facilities, existing treatment capacity, and operational issues. This memorandum serves as 
the foundation for defining and developing the design for the required near-term 
improvements at the Airport WRF. It also serves as the existing condition reference point 
for long-term treatment technologies and capacity assessments. 

The original Airport WRF was constructed in 1978, and designed for a treatment capacity of 
0.75 million gallons per day (mgd) Annual Average Daily Flow (AADF). The Airport WRF 
expansion project in 1998 was constructed for a treatment capacity of 2.25 mgd AADF, and 
included upgrades for denitrification and tertiary filtration. The purpose of the 1998 process 
upgrade was to continue to provide an effluent of suitable quality for golf course irrigation 
and aquifer recharge by means of existing recharge basins. The current Aquifer Protection 
Permit (APP) for the Airport WRF is based on an AADF of 2.2 mgd. 

ES3A.2 Existing Information 

Table ES3A.1 shows that the 1998 expansion design considered that the hydraulic capacity 
of the water reclamation facility would be increased in the future to accommodate the 
previously projected buildout flows. 

Table ES3A.1 Previous Design Flows 
Technical Memorandum No. 3A - Airport WRF Existing Conditions 
City of Prescott, Arizona 

 1998 Design 
Buildout per 
1998 Design 

Annual average daily flow, mgd 
(average flow at start-up) 

2.25 
(0.65-0.75) 

2.4 

Maximum month average daily (design) flow, mgd 2.7 2.9 
Maximum day flow, mgd 4.2 4.8 
Hydraulic capacity, peak (hour), mgd 6.3 7.2 
Minimum flow, mgd 0.8 0.8 
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Table ES3A.2 shows the wastewater characteristics used in the 1998 expansion design. 
The concentrations shown in Table ES3A.2 were based on plant records for 1992 and 1993 
and additional influent sampling conducted in September 1995.  
 

Table ES3A.2 Previous Design Wastewater Characteristics and Concentrations 
Technical Memorandum No. 3A - Airport WRF Existing Conditions 
City of Prescott, Arizona 

Characteristics 

Average Maximum Month Load 
Peaking 
Factor mg/L ppd mg/L ppd 

BOD5 117 2,340 155 3,750 1.6 

TSS 159 3,190 211 5,103 1.6 

TKN 35 697 36 871 1.25 

Temperature, °C      

 Summer 25     

 Winter 12     

The previous (1998) improvements to the Airport WRF consisted of the following facilities: 

 Headworks: mechanical bar screen with manual screen bypass, parshall flume, and 
grit removal settling basin with grit screw. 

 Oxidation ditches: anoxic basins, new oxidation ditch, and modifications to existing 
ditch 

 Secondary clarifier and sludge pump station 

 Traveling bridge filter 

 UV Disinfection 

Additional improvements in 2008 included modifications and upgrades to the following 
facilities: 

 Sludge holding tank 

 Solids handling (centrifuge) building 

ES3A.3 Physical Conditions 

A visual inspection of the major equipment and structures at the Airport WRF was 
conducted as part of this project. The intent of the inspection was to document the general 
condition of all major equipment and structures at the plant, to provide input for future 
improvements planning. The visual condition assessment of the major equipment and 
structures at the plant is summarized in Table ES3A.3. In general, most of the facilities at 
the Airport WRF can be considered in relatively good condition, with a few unit processes 
needing attention to resolve minor issues. 



 

 
 ES-3                                                      03/16/2011     In Association with   

Table ES3A.3 Condition Assessment of Existing Facilities 
Technical Memorandum No. 3A - Airport WRF Existing Conditions 
City of Prescott, Arizona 

Unit Process Structure Condition 
Equipment 
Condition 

Headworks   

Mechanical bar screen Good Good 

Manual bar screen Good Good 

Grit removal Good Good 

Activated Sludge System   

Anoxic basins Good Good 

Oxidation Ditch No. 1 (1998) Good Good 

Oxidation Ditch No. 2 (1976) Fair (1) Fair (1) 

Secondary clarifier Good Good 

Tertiary filter Good Good (2) 

UV Disinfection Good Good 

Effluent and NPW Pumping   

Pump station / Wet well Good Good 

Recovery Well Pump Station Good Good 

Solids Handling   

Solids Holding Tank Fair (3) Good 

Dewatering system Good Good 

Notes: 
(1) Minor cracks and concrete spalling were observed. The shotcrete thickness is 2.5 inches per the 

record drawings. Brush rotors showed some evidence of corrosion, and a few missing blades. 
Plant staff has recently performed maintenance on the equipment and equipment is in operation. 

(2) Media replacement was performed in 2007. Plant staff reported that the filter underdrain system 
was in good condition at the time that the media was replaced. 

(3) Minor cracks and concrete spalling were observed. 

ES3A.4 Capacity Analysis 

The capacity of existing facilities at the Airport WRF was estimated based on a detailed 
evaluation of the performance of each unit process using existing flow and loading 
conditions. Recent (2006 – 2009) plant operating data was used to establish existing 
hydraulic and loading criteria. The capacity of the Airport WRF was estimated using typical 
performance criteria and detailed process modeling. 

Daily average, high, and low influent flows were obtained from plant operational data 
records between January 2006 and April 2009. The average daily flow into the plant has 
been consistently increasing over time. Throughout a calendar year, the plant typically 
receives higher flows during winter months, probably due to infiltration during wet weather 
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months. The recommended design hydraulic peaking factors based on the plant data 
analyzed are presented in Table ES3A.4. The recommended peaking factors are similar to 
values observed in other typical domestic wastewater treatment facilities in Arizona. 
 

Table ES3A.4 Design Hydraulic Peaking Factors 
Technical Memorandum No. 3A - Airport WRF Existing Conditions 
City of Prescott, Arizona 

Hydraulic Peaking Factor (1) Value 

Maximum Month Average Day 1.4 

Peak Day 2.0 

Peak Hour 3.0 

Note: 

(1) Based on historical data analysis between January 2006 and April 2009. All peaking factors are 
relative to the annual average day flow. 

The wastewater characteristics for the plant capacity analysis were determined based on 
an analysis of the plant’s historical wastewater quality records. Influent characteristics were 
obtained from plant operations historical records between 2006 and 2009. 

Table ES3A.5 presents the wastewater characteristics at average and maximum month 
conditions, used for the capacity evaluation presented herein. Average and maximum 
month concentrations were based on a statistical analysis over the entire analysis period 
(2006 to 2009).  
 

Table ES3A.5 Design Wastewater Concentrations 
Technical Memorandum No. 3A - Airport WRF Existing Conditions 
City of Prescott 

Parameter Unit 
Annual 

Average Day (1) 
Maximum Month 
Average Day (2) 

Design Concentrations 

BOD mg/L 322 383 

TSS mg/L 504 633 

TKN mg/L 34.6 41.2 

Ammonia N mg/L 29.5 35.1 

Alkalinity (3) mg/L 250 250 

Temperature (4) C  18.4 12.4 

pH -- 7.3 7.3 
Notes: 
(1) Average wastewater concentrations were calculated over the analysis period (2006 to 2009). 
(2) Based on the observation that the maximum month load (ppd) coincides with the maximum 

month flow (mgd). 
(3) Assumed. No data available. 
(4) Based on mixed liquor temperature measurements. 
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The existing wastewater concentrations are significantly higher than the criteria used for the 
design of the secondary treatment facilities in the 1998 expansion. The existing BOD and 
TSS wastewater concentrations are higher than the original design criteria values by factors 
ranging between 2.6 and 3.2. The existing average TKN concentrations are similar to the 
values used for the original design.  

Additional sampling upstream of the WRF was performed by the City, in order to identify 
any possible sources of unusually high loadings (see TM 3A – Appendix C for sampling 
locations and results). Wastewater samples were collected at several points in the 
collection system in the vicinity of the Airport WRF. BOD and TSS values at the plant 
headworks agreed with recent elevated values. 

The capacity of each process unit was evaluated by comparing its maximum capacity to the 
appropriate governing criterion. The estimated capacity was expressed in terms of average 
day flow using the appropriate peaking factors depending on the governing criterion 
particular for each unit process.  

Figure ES3A.1 summarizes the capacity analysis estimate for the existing facilities at the 
Airport WRF. The current tertiary treatment facilities (filter and UV disinfection) limit the 
plant capacity at an average day flow capacity of 1.2 mgd. The current secondary treatment 
system has a capacity of 1.5 mgd mainly due to limitations in secondary clarification 
capacity.  

ES3A.5 Operational Considerations 

The screening equipment is currently operating without any major concerns. The grit 
removal equipment is in good working condition, other than a few minor mechanical repairs 
that have been required. 

The plant had been operating with only the newer oxidation ditch basin (Oxidation Ditch 
No. 1) in service. The original oxidation ditch basin (Oxidation Ditch No. 2) was being used 
as an emergency equalization basin. Due to increased loadings in the plant influent, plant 
staff started operating Oxidation Ditch No. 2 at the end of 2008, in order to increase the 
aerobic solids retention time and improve the system operation, especially under winter 
conditions. 

There is currently only one secondary sedimentation basin in operation. While the 
equipment is operating properly, there is no redundancy in the secondary clarification 
process. More clarification capacity is required not only to increase plant capacity, but also 
to provide redundancy. However, addition of secondary clarifier capacity needs to be 
evaluated within the context of the overall site master plan. 

There is currently no redundancy in the filtration facilities. Specific recommendations 
regarding tertiary filtration are addressed in Technical Memorandum No. 7. 
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The plant does not currently have any type of SCADA monitoring or control system 
available. At the minimum, monitoring of key processes and alarms notifications are 
desirable in the short-term. Monitoring and alarms would improve the reliability of the 
system, providing operators the ability to identify major upsets during unattended operation 
periods. In the long-term, instrumentation and control elements could be incorporated in a 
plant control system for automation of the major processes, such as secondary process 
equipment. Automation of major processes will optimize energy consumption, and provide a 
more reliable operation of the treatment process.



 

                                                                                                                                          

SUMMARY OF CAPACITY ANALYSIS ESTIMATE 
 

FIGURE ES3A.1 
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1.0 INTRODUCTION 

1.1 Project Scope 

This technical memorandum is part of the Master Planning, Design, and Local Limits project 
for the City of Prescott Airport Water Reclamation Facility (WRF) and Sundog Wastewater 
Treatment Plant (WWTP). This TM No. 3A addresses Part 2 of the project, Airport WRF 
Near-Term Improvements, specifically Task Group 700 - Establish Existing Conditions, and 
Task Group 300 - Existing Facilities Assessment. The purpose of this technical 
memorandum is to gather, organize, and document existing conditions for the Airport WRF, 
including available data, physical condition of existing facilities, existing treatment capacity, 
and operational issues. This memorandum will serve as the foundation for defining and 
developing the design for the required near-term improvements at the Airport WRF. It will 
also serve as the existing condition reference point for long-term treatment technologies 
and capacity assessments. 

1.2 Project Background 

The City of Prescott is located in the mountains of north central Arizona, and borders the 
Prescott National Forest to the south and west. Prescott currently has three operating 
wastewater treatment and reclamation facilities: the Hassayampa Water Reclamation Plant 
(WRP), the Sundog WWTP, and the Airport WRF. The Hassayampa WRP was placed into 
service in 1999, is privately operated and its effluent is used to water a private golf course. 
The City’s largest wastewater treatment plant, the Sundog WWTP, is located approximately 
2 miles northeast of the City’s centroid, and currently receives the majority of the City’s 
wastewater flow. It was last upgraded in 1989. The third Prescott-owned wastewater 
treatment plant is the Airport WRF, which is located roughly 8 miles northeast of the City’s 
centroid, adjacent (east) of the local airport, the Ernest A. Love Field. The physical location 
of the Airport WRF is delineated in Figure 3A.1. 

The original Airport WRF was constructed in 1978, and designed for a treatment capacity of 
0.75 million gallons per day (mgd) Annual Average Daily Flow (AADF). It consisted of a 
headworks (flow measurement, screening, and grit removal), a single oxidation ditch, a 
single clarifier, a sludge pumping station, a chlorine contact chamber for effluent 
disinfection, and an effluent pumping station. 
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The Airport WRF expansion project in 1998 was designed for a treatment capacity of 2.4 
mgd AADF. The liquid treatment process was upgraded to include denitrification and 
tertiary filtration. The purpose of the process upgrade was to continue to provide an effluent 
of suitable quality for golf course irrigation and aquifer recharge by means of existing 
recharge basins. It is important to point out that during the 1998 expansion project, due to 
budgetary constraints, one secondary clarifier and one tertiary filter were deleted from the 
project, limiting the plant’s design capacity to 2.25 mgd AADF. The current Aquifer 
Protection Permit (APP) for the Airport WRF is based on an AADF of 2.2 mgd. 

Waste Activated Sludge (WAS) from the Airport WRF was originally stored and dewatered 
in drying beds on-site. Currently, WAS is thickened, mechanically dewatered, and stored in 
roll-off containers at the Airport WRF site, for subsequent landfill disposal. Figure 3A.2 
shows a general site plan of the Airport WRF. 
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2.0 EXISTING INFORMATION 

2.1 Previous Design Documents 

Numerous documents were gathered for the existing City of Prescott Airport WRF facility 
assessment. These documents included, but were not necessarily limited to the following. 

 Airport WRF 0.75 mgd Contract Drawings, Carollo Engineers, 1976. 

 Airport WRF Expansion Preliminary Design Memorandum, Black & Veatch, 1996. 

 Airport WRF Expansion Contract Specifications, Black & Veatch, 1998. 

 Airport WRF Expansion Contract Drawings, Black & Veatch, 1998. 

 Airport WRF Expansion O&M Manual, Black & Veatch, 2000. 

 Airport WRF Centrifuge Project, Contract Specifications, Brown and Caldwell, 2008. 

 Airport WRF Centrifuge Project, Contract Drawings, Brown and Caldwell, 2008. 

 Airport WRF Centrifuge Project, O&M Manual, Brown and Caldwell, 2008. 

 Airport WRF Various Process Data, City of Prescott, 2006-2009. 

 Airport WRF Various Meeting Notes, Carollo / Black & Veatch, 2008-2009. 

2.2 Previous Basis of Design 

2.2.1 Previous Hydraulic Criteria 

At buildout of the service area, the expected daily average flow was estimated to be 
2.4 mgd. The maximum month and minimum flow ratios were projected from plant 
operating data from 1992, 1993 and September of 1995. The hydraulic capacity was based 
on an hourly peaking factor of 3. 
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Table 3A.1 shows that the 1998 expansion design considered that the hydraulic capacity of 
the water reclamation facility would be increased in the future to accommodate the 
previously projected buildout flows. 
 

Table 3A.1 Previous Design Flows 
Technical Memorandum No. 3A - Airport WRF Existing Conditions 
City of Prescott, Arizona 

 1998 Design 
Buildout per 
1998 Design 

Annual average daily flow, mgd 
(average flow at start-up) 

2.25 
(0.65-0.75) 

2.4 

Maximum month average daily (design) flow, mgd 2.7 2.9 

Maximum day flow, mgd 4.2 4.8 

Hydraulic capacity, peak (hour), mgd 6.3 7.2 

Minimum flow, mgd 0.8 0.8 

2.2.2 Previous Wastewater Characteristics 

The wastewater characteristics used for the previous (1998) expansion design were 5-day 
biochemical oxygen demand (BOD5), total suspended solids (TSS), and Total Kjeldahl 
Nitrogen (TKN). The concentrations shown in Table 3A.2 were based on plant records for 
1992 and 1993 and additional influent sampling conducted in September 1995.  Table 3A.2 
shows the wastewater characteristics used in the 1998 expansion design. 
 

Table 3A.2 Previous Design Wastewater Characteristics and Concentrations 
Technical Memorandum No. 3A - Airport WRF Existing Conditions 
City of Prescott, Arizona 

Characteristics 

Average Maximum Month Load 
Peaking 
Factor mg/L ppd mg/L ppd 

BOD5 117 2,340 155 3,750 1.6 

TSS 159 3,190 211 5,103 1.6 

TKN 35 697 36 871 1.25 

Temperature, °C      

 Summer 25     

 Winter 12     

2.2.3 Governing Codes 

The City of Prescott adopted the 2006 International Building Codes (2006 IBC), which 
became effective October 15, 2007. In 2008, the City made amendments to the 2006 IBC, 
which have also been adopted. Previous design efforts were based on codes established in 
Prescott in 1993-1994. The previous and currently adopted codes are shown in Table 3A.3. 
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Table 3A.3 Governing Building Codes 
Technical Memorandum No. 3A - Airport WRF Existing Conditions 
City of Prescott, Arizona 

Previous Design Governing Codes Current Governing Codes (2007) 

1994 Uniform Building Code 2006 International Building Code (IBC) (1) 

1994 Uniform Mechanical Code 2006 International Mechanical Code (IMC) (1) 

1994 Uniform Plumbing Code 2006 International Plumbing Code (IPC) (1) 

1994 Uniform Fire Code 2006 International Fire Code (IFC) (1) 

1993 National Electric Code 2006 International Electrical Code (IEC) (1) 

Note: 

(1) Amendments to the 2006 codes done in 2008 have been adopted by the City. 

2.3 Existing Facilities Description 

The previous (1998) improvements to the Airport WRF consisted of the following facilities: 

 Headworks 

– Mechanical bar screen with manual screen bypass 

– Parshall flume 

– Grit removal (settling basin and grit screw)  

 Oxidation Ditches 

– Anoxic basins 

– Modifications to the existing ditch 

– New oxidation ditch 

 New Secondary Clarifier 

 Sludge Pump Station 

 Traveling Bridge Filter 

 UV Disinfection 

Additional improvements in 2008 included modifications and upgrades to the following 
facilities: 

 Sludge Holding Tank 

 Solids Handling (Centrifuge) Building 

A process flow schematic of the Airport WRF is shown in Figure 3A.3. 





 

 

 
                                                      3A-9 03/16/2011     In Association with   

2.3.1 Headworks 

The new headworks replaced the original headworks, and were sized for the ultimate plant 
capacity of 2.4 mgd (average day) with one mechanical screening unit in service. The 
headworks consist of one climber-type bar screen, one manually cleaned bar screen to 
serve as a bypass, a Parshall flume, and a grit removal basin with a grit dewatering screw. 
The climber screen was covered by an open-sided structure, to reduce icing problems 
during the winter. 

2.3.1.1 Bar Screens 

One mechanical “climber” screen was installed for primary duty and one manually cleaned 
bar screen was installed for emergency bypass flows. Provisions were made for the 
installation of a second mechanically cleaned bar screen in the future. Screenings are 
discharged to a front-loading dumpster for landfill disposal. Design criteria for the existing 
screening facilities is presented in Table 3A.4. 
 

Table 3A.4 Existing Screening Facilities Design Criteria 
Technical Memorandum No. 3A - Airport WRF Existing Conditions 
City of Prescott, Arizona 

Number of Bar Screening Units  

Mechanical 1 

Manual 1 (standby) 

Clear space between bars, inches  3/4 

Channel width, ft 2.6 

Channel depth, ft 3.92 

Depth of flow, maximum, ft 2.21 

Angle of screen inclination, degrees 80 

Maximum velocity through screen at 7.2 mgd, fps 3 

Average quantity of screenings, cf/day 12 

Rake motor horsepower 1.5 

Control Local manual and auto control with 
repeat cycle timers and head 
differential override 

2.3.1.2 Parshall flume 

The installed Parshall flume is capable of measuring the full range of flows expected at the 
plant. The flume construction is the plastic insert flume liner type. Design criteria for the 
Parshall flume is presented in Table 3A.5. 
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Table 3A.5 Existing Parshall Flume Design Criteria 
Technical Memorandum No. 3A - Airport WRF Existing Conditions 
City of Prescott, Arizona 

Number 1 

Throat width, inches 12 

Flow range, mgd 0.07 to 10.41 

Level measuring device Ultrasonic 

2.3.1.3 Grit Removal 

One grit removal unit was installed, with a grit dewatering screw. The grit chamber was 
designed to remove 95 percent of 100 mesh grit at peak hour flow. Dewatered grit is 
discharged from the screw to the front loading dumpster, along with the screenings, for 
landfill disposal. A slide gate just upstream of the grit removal unit was provided to allow the 
screened influent flow to bypass the grit removal system, in case it needs to be taken out of 
service for maintenance or repair. Design criteria for the existing grit removal system is 
presented in Table 3A.6. 
 

Table 3A.6 Existing Grit Removal System Design Criteria 
Technical Memorandum No. 3A - Airport WRF Existing Conditions 
City of Prescott, Arizona 

Number 1 

Type Horizontal flow, square  

Grit collection equipment Circular 

Settling rate, fpm 2.4 

Nominal depth, ft 1.25 

Plan length dimension, ft 10 

Grit washer capacity, gpm 100 

Grit scraper drive motor horsepower 0.5 

Grit dewatering screw motor horsepower 1.0 

Average grit removed, cf/day 6 

2.3.2 Anoxic Basins, Existing and New Oxidation Ditches 

The biological process consists of separate anoxic basins, the original oxidation ditch 
(Oxidation Ditch No. 2), and a new oxidation ditch (Oxidation Ditch No. 1). The plant 
operates in the nitrification-denitrification mode. 

The anoxic basins consist of a single tank split into two parallel trains, each serving one 
oxidation ditch. A gate was provided between the two anoxic trains. This allows flow from 
one side of the process to be fed to the other side. The design criteria for the anoxic basins 
is presented in Table 3A.7. 
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Table 3A.7 Anoxic Basins Design Criteria 
Technical Memorandum No. 3A - Airport WRF Existing Conditions 
City of Prescott, Arizona 

Number of parallel basins 2 

Number of cells per basin 2 

Volume per basin, cu. ft. 15,606 

Total anoxic basins volume, cu. ft. 31,212 

Side water depth, ft 12 

Total number of cells  4 

Total number of mixers  4 

Mixer horsepower, each 3 

Oxidation Ditch No. 2 was modified in the 1998 expansion project to allow denitrification, by 
adding a mixed liquor recycle (MLR) pump to return nitrate-nitrogen to the anoxic basins. 
After the 1998 expansion project, Oxidation Ditch No. 2 served as a stand-by unit until the 
service area flows and loads increased enough to require its use on a full-time basis. 
Oxidation Ditch No. 2 served as a stand-by or as a pretreatment basin for industrial 
wastewater flows that could upset the microbiology of the process. The diversion of high 
strength wastewater flows would be accomplished manually. In December 2008, Oxidation 
Ditch No. 2 was brought back in service to provide sufficient treatment capacity for existing 
flows, in order to improve the performance of the biological nitrogen removal processes. 
The design criteria for Oxidation Ditch No. 2 is presented in Table 3A.8. 
 
Table 3A.8 Oxidation Ditch No. 2 (Original) Design Criteria 

Technical Memorandum No. 3A - Airport WRF Existing Conditions 
City of Prescott, Arizona 

Design flow rate, mgd (1) 1.3 

Volume, cu. ft. 93,240 

Side water depth, ft 6 

Brush Aerators  

Number 3 

Peak firm SOTR, pph  200 

Motor hp, each 40 

MLR Pumps  

Number 1 

Type Submersible centrifugal 

Capacity, gpm each 3,800 

Rated head, ft 12.5 

Motor horsepower 25 

Note: 

(1) At previous maximum month wastewater concentrations presented in Table 3A. 
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The newer oxidation ditch (Oxidation Ditch No. 1) and its associated anoxic basin serve as 
the principal secondary treatment units and were designed for nitrification and 
denitrification. The design criteria for Oxidation Ditch No. 1 is presented in Table3A.9. 
 

Table 3A.9 Oxidation Ditch No. 1 (New) Design Criteria 
Technical Memorandum No. 3A - Airport WRF Existing Conditions 
City of Prescott, Arizona 

Design flow rate, mgd (1) 1.6 

Volume, cu. ft. 117,000 

Reactor total width, ft 69 

Side water depth, ft 12 

Straight wall length, ft 146 

Total reactor length, ft 215 

Brush Aerators  

Number 4 

Peak firm SOTR, pph 350 

Motor horsepower, each 40 

MLR recycle pumps  

Number 1 

Type Submersible centrifugal 

Capacity, gpm each 3,800 

Rated head, ft. 12.5 

Motor horsepower 25 

Note: 

(1) At previous maximum month wastewater concentrations presented in Table 3A.. 

2.3.3 Secondary Clarifiers 

The 1998 plant expansion design included two new secondary clarifiers. The original 
clarifier would have served primarily as a sludge thickening tank or as a stand-by clarifier. 
Due to budgetary constraints, only one of the two secondary clarifiers in the 1998 
expansion design was built. The design criteria for the secondary clarifiers is presented in 
Table 3A.10. Design sludge production based on the 1998 expansion design wastewater 
flows and loads is presented in Table 3A.10. 
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Table 3A.10 Secondary Clarifiers Design Criteria 
Technical Memorandum No. 3A - Airport WRF Existing Conditions 
City of Prescott, Arizona 

Original Clarifier  

Diameter, ft  50 

Sidewater depth, ft 8 

Overflow rate at MMADF, gpd/sq ft  458 

Peak solids loading rate, lb/day/sq ft 23 

Detention time w/o recycle, hrs 3.1 

New Clarifiers  

Number of units in original 1998 expansion design 2 

Number of existing units 1 

Diameter, ft 60 

Sidewater depth, ft 15 

Bottom slope 1:12 

Overflow rate, MM gpd/sq ft 605 

Peak solids loading rate, lb/day/sf 25 

Detention time w/o recycle, hrs 4.45 

Flocculation well  

Diameter, ft 15 

Skirt depth, ft 10 

Velocity gradient “G”  50 

Motor control Local manual 

Sludge collectors   

Motor control Local manual with torque overload 
switch 

 

Table 3A.11 Sludge Production Design Criteria 
Technical Memorandum No. 3A - Airport WRF Existing Conditions 
City of Prescott, Arizona 

Waste Activated Sludge Production Total 
1976 Original 

Ditch 

1998 
Expansion 

Ditch 

Average month design flow, mgd 2.4 1.06 1.34 

Sludge production, ppd 2,438 1,077 1,361 

Sludge production, gpd at 0.5% 58,500 25,800 32,600 

Maximum month flow, mgd 2.9 1.3 1.6 

Sludge production, ppd 4,094 1,835 2,259 

Sludge production, gpd at 0.5% 98,200 44,000 54,200 
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2.3.3.1 Sludge Pump Station 

A new sludge pump station was constructed under the 1998 Airport WRF Expansion 
Project. The 1998 expansion preliminary design included three pumps for return activated 
sludge (RAS), and two pumps for waste activated sludge (WAS) and scum. However, the 
1998 expansion final design (with one new secondary clarifier) included two pumps for RAS 
and sludge wasting (combined function), and one pump for scum wasting. Due to excessive 
clogging issues that resulted in inconsistent sludge return rates, City staff replaced the two 
RAS/WAS pumps with different style units (one in 2006 and one in 2008). The sludge pump 
station design criteria are presented in Table 3A.12. 
 

Table 3A.12 Sludge Pump Station Design Criteria 
Technical Memorandum No. 3A - Airport WRF Existing Conditions 
City of Prescott, Arizona 

 1998 Expansion Design Existing 

Return/Waste Activated Sludge Pumps 

Number of pumps 2 (1 duty, 1 standby) 2 (1 duty, 1 standby) 

Type Horizontal end suction, 
non-clog centrifugal 

Submersible, open bottom, 
non-clog centrifugal 

(Flygt, type “N” impeller) 

Rated capacity, gpm each 1,000 444 (1) 

Rated head, ft 35 21.3 (1) 

Motor horsepower 15 5 

Motor control Variable frequency drives One unit with variable 
frequency drive. 

One unit constant speed. 

Scum pump  

Number of pumps 1 

Type Horizontal end suction, centrifugal non clog 

Rated capacity, gpm 100 

Rated head, ft 40 

Control Timer, local manual, auto level 

Note: 

(1) Based on duty point in pump curve provided by plant staff. 

2.3.4 Filtration 

Filtration facilities in the original 1998 expansion design were designed to meet the 
maximum month flow. A by-pass was provided for peak hour flow and for removal of the 
filters from service. The filters are the traveling bridge, continuous backwash type. Due to 
budgetary constraints, one filter was deleted from the original 1998 expansion design 
project. Using typical hydraulic loading rates, the average and peak flow capacities of the 
existing filter are 1.5 and 3.0 mgd, respectively. The tertiary filters design criteria is 
presented in Table 3A.13. 
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Table 3A.13 Tertiary Filters Design Criteria 
Technical Memorandum No. 3A - Airport WRF Existing Conditions 
City of Prescott, Arizona 

 
1998 Expansion 

Design Existing 

Type Traveling Bridge 

Number 2 1 

Total filtration area, sq ft 850 525 

Average day flow capacity at hydraulic 
loading rate of 2.0 gpm/sq ft 

2.4 1.5 

Peak flow capacity at hydraulic loading 
rate of 4.0 gpm/sq ft 

4.9 3.0 

Media type Sand, 0.5 mm 
Anthracite, 0.9 mm 

Sand, 0.5 mm 

Media depth 12 in. sand 
12 in. anthracite 

15 in. sand 

2.3.5 Disinfection System 

A new disinfection system was installed under the 1998 Airport WRF Expansion, which 
utilized low pressure ultraviolet disinfection (UV) technology. The UV system in the 1998 
expansion design was originally sized for an initial peak flow of 4.8 mgd, expandable to 7.2 
mgd. The existing low pressure UV system is sized for an initial peak flow of 3.6 mgd, 
expandable to 7.2 mgd. The existing chlorine feed system was expanded/upgraded to meet 
increased flows to provide a residual in the reuse transmission main. The UV disinfection 
system design criteria are presented in Table 3A.14. 

A gas chlorination system is located in the building adjacent to the UV disinfection system. 
Chlorine can be dosed to the disinfection channels. The chlorination system is seldom used 
at the plant. Gas chlorine cylinders (100 pounds) are stored in the chlorine building. The 
chlorination system (Bailey, Fischer and Porter) doses chlorine using an eductor that feeds 
the carrier water line. 
 

Table 3A.14 Ultraviolet Disinfection System Design Criteria 
Technical Memorandum No. 3A - Airport WRF Existing Conditions 
City of Prescott, Arizona 

 Existing 

Number of channels 1 (initial) 
2 (ultimate) 

Channel dimensions, L x W x D, feet 16.8 x 2.08 x 8 

Depth of flow, ft 5.2 

Peak design flow per channel, mgd 3.6 (initial) 
7.2 (ultimate) 
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Table 3A.14 Ultraviolet Disinfection System Design Criteria 
Technical Memorandum No. 3A - Airport WRF Existing Conditions 
City of Prescott, Arizona 

 Existing 

Percent UV transmission 65 

UV system manufacturer Ultratech 

Number of modules 4 

Number of UV lamps 160 (initial) 
320 (ultimate) 

UV intensity, watts per gallon 13.6 

Minimum UV dose at peak flow, uW-s/cm2 30,000 

Suspended solids / BOD, mg/L  

Monthly average 5 / 5 

Maximum daily 30 / 30 

Effluent Fecal Coliform, CFU/100 mL  

30-day geometric mean <25 

Single-sample maximum <75 

Water temperature range, degrees Celsius 13 - 23 

2.3.6 Effluent Pump Station 

No modifications to the existing effluent pump station were made during the 1998 
expansion project. Disinfected water from the UV channel flows by gravity into a wet well. 
The existing effluent pump station is located adjacent to the wet well. The existing effluent 
pumps are installed in a dry pit configuration, and the pumps are connected to a common 
discharge header. 

Non-potable water (NPW) pumps for in-plant water uses are located in the upper level of 
the existing effluent pump station. The suction side of the NPW pumps is connected to the 
discharge header of the effluent pumps, and is not directly connected to the effluent wet 
well. The Recovery Well Pump Station is located northeast from the effluent pump station, 
and its main purpose is to pump water to the effluent line going to a golf course irrigation 
system. The Recovery Well Pump Station is operated on an as-needed basis during 
seasons of high water demand from the golf course. 
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Table 3A.15 Effluent Pump Station Design Criteria 
Technical Memorandum No. 3A - Airport WRF Existing Conditions 
City of Prescott, Arizona 

Effluent Pumps  

Number of units 3 

Flow capacity, gpm 800 (2 units) 
500-600 (1 unit) (1) 

Motor horsepower, each 40 

Non-Potable Water Pumps  

Number of units 2 

Flow capacity, gpm 60 (one unit) 
One unit - unknown  

Motor horsepower, each 1 @ 3 

1 @ 10 

Recovery Well Pump  

Number of units 1 

Flow capacity, gpm 700 (1) 

Motor horsepower, each 250 

Note: 

(1) Pump curve not available. Capacity estimated based on plant staff experience. 

2.3.7 Solids Handling 

A City-owned, trailer-mounted belt dewatering press was installed near the existing sludge 
drying beds after the 1998 expansion project. All chemical feed required was also mounted 
on the trailer. Feed sludge was pumped to the dewatering press using the RAS pumps. 
Piping and electrical modifications were made to accommodate the installation. Operation 
of the trailer-mounted belt dewatering press was discontinued in April 2009. 

New solids handling facilities were added to the Airport WRF as part of the Centrifuge 
Building and Equipment Installation Project in 2009. Sludge dewatering operations with the 
new solids handling facilities began in April 2009. The older secondary clarification basin 
was converted into an aerated solids holding tank, and a new building was added to the 
plant facilities, which includes a dewatering centrifuge and its associated equipment. 

The current solids handling practice is dewatering undigested sludge, followed by landfill 
disposal. WAS is continuously pumped to the aerated solids holding tank. The solids in the 
holding tank are aerated and mixed. To achieve additional thickening of the WAS, aeration 
is stopped for short periods to allow solids settling. Decant from the settling operation in the 
solids holding tank is sent back to the head of the anoxic basins. The thickened WAS is 
sent to the centrifuge building for dewatering and subsequent disposal via a roll-off bin. 
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2.3.7.1 Solids Holding Tank 

The secondary clarifier built in the initial phase of the Airport WRF (1976 project) has been 
converted into a solids holding tank, by removing the secondary clarification mechanism 
and performing several modifications. WAS is continuously pumped into the solids holding 
tank over the course of the day using the RAS pumps and a flow control valve. Aeration 
and mixing is provided with a coarse bubble diffuser system and a positive displacement 
blower. Submersible pumps in the solids holding basins are used to pressurize the WAS 
line connected to the centrifuge feed pumps located in the centrifuge building. The solids 
holding tank description is summarized in Table 3A.16.  
 

Table 3A.16 Solids Holding Tank Description 
Technical Memorandum No. 3A - Airport WRF Existing Conditions 
City of Prescott, Arizona 

Tank dimensions  

Tank diameter, feet 50 

Side water depth, feet Variable up to 8 

Aeration system  

Number of blower units 1 

Motor horsepower 20 

Diffuser type Coarse bubble, 2 ft units 

Number of diffusers 56 

Thickened WAS pumps  

Pump type Submersible, open bottom, non-clog 
centrifugal (Flygt, type “N” impeller) 

Number of units 2 

Capacity, gpm 333 (1) 

Rated head, ft 12.8 (1) 

Motor control One unit with variable frequency drive.
One unit constant speed. 

Motor horsepower, each 3 

Note: 

(1) Based on duty point in pump curve provided by plant staff. 

2.3.7.2 Centrifuge Building 

A new centrifuge building was constructed in April 2009, and is located at the southeast end 
of the existing plant site. The centrifuge building includes one dewatering centrifuge, with its 
associated sludge grinder, feed pump, and polymer feed system. Provisions have been 
made for the installation of a second dewatering centrifuge unit and its associated 
equipment. The design criteria for the existing dewatering system is summarized in 
Table 3A.7.  
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Table 3A.17 Dewatering Centrifuge System Design Criteria 
Technical Memorandum No. 3A - Airport WRF Existing Conditions 
City of Prescott, Arizona 

Dewatering centrifuge  

Manufacturer Centrisys 

Number of units 1 (1) 

Hydraulic loading capacity, gpm 50 to 70 (2) 

Feed solids concentration, percent 0.6 to 2.5 (average: 1.0) 

Maximum solids loading capacity, lbs/hr 575 

Minimum solids capture, percent 95 

Minimum cake solids content, percent 20 

Motor horsepower, main drive 30 

Motor horsepower, back drive 10 

Sludge grinder  

Type In-line (Boerger) 

Number of units 1 (1) 

Capacity, gpm 70 

Motor horsepower 5 

Centrifuge feed pump  

Pump type Progressive cavity (Netzch) 

Number of units 1 (1) 

Capacity, gpm 70 

Discharge pressure, psi 100 

Suction pressure Flooded 

Maximum solids concentration, percent 12 

Motor horsepower 7.5 

Polymer feed system  

Type Liquid polymer blending system (Velodyne) 

Number of units 1 (1) 

Neat polymer metering pump Progressive cavity, 1 to 10 gph 

Dilution water inlet 1 to 10 gpm 

Polymer mixing chamber Staged hydrodynamic (non-mechanical) 

Notes: 

(1) Provisions in existing building allow 2 units to be installed. 

(2) At feed solids (WAS) concentrations between 0.6 and 2.5 percent solids. Excludes polymer flow. 
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2.3.8 Return Flow Lift Station 

The Return Flow Lift Station receives drain flow from the following five locations. 

 UV wash water drain; 

 Sludge drying bed drains; 

 Filter backwash; 

 Filtrate and wash water from portable belt filter press (discontinued use since April 
2009); 

 Centrate and wash water from the Centrifuge Building. 

The return flow is pumped to the head of the BNR activated sludge process, at the anoxic 
zones splitter structure. The pump station contains two submersible pumps each rated at 
540 gpm at 20 feet of head. Under normal operating conditions, one pump was designed to 
be a standby unit. The pumps are automatically operated based on four float switches in 
the wet well. 

2.3.9 Standby Power 

A 150 kW diesel engine powered generator provides emergency power for selected plant 
equipment. The generator powers the headworks, one oxidation ditch rotor, the clarifier 
drive, effluent pump, UV system, and one RAS pump. 

There is currently no natural gas service to the site. 

2.4 Existing Facility Permits 

The Airport WRF was designed and permitted to produce Class B+ effluent, and the Aquifer 
Protection Permit (APP) that has been recently revised and issued by ADEQ is structured 
for Class B+ effluent. The existing facility design, however, has been structured around the 
ability to produce Class A+ in the future, should permit requirements ever become more 
stringent. Moving forward, process evaluation will be based on technologies capable of 
producing ADEQ Class A+ reclaimed water. These water quality standards are shown in 
Table 3A.18. 
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Table 3A.18 ADEQ Reclaimed Water Quality Standards 
Technical Memorandum No. 3A - Airport WRF Existing Conditions 
City of Prescott, Arizona 

Parameter 
Class A+ 

Standards 
Class B+ 

Standards 

Total Nitrogen, mg/L   

Maximum limit 10 10 

Alert level 8 8 

Turbidity, NTU   

Average 2 N.A. 

Single Sample Maximum 5 N.A. 

Fecal Coliform, cfu/100 mL   

4 of last 7 samples Non-detect 200 

Single Sample Maximum 23 800 
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3.0 PHYSICAL CONDITIONS 

3.1 Site Survey 

The coordinate system for the Airport WRF site during the 1998 expansion project used the 
Arizona State Plane coordinate system. Specific coordinates to be used for horizontal 
control were listed on the 1998 plans prepared by Black & Veatch. 

The 1998 expansion project benchmark was based upon benchmark H-262, which was 
reset in 1981. The benchmark is located near the west side of the Ernest A. Love Field 
Airport Terminal Building. The benchmark elevation was 5011.88.  

Future horizontal and vertical control will fall under the City of Prescott Layer and Survey 
Datum Requirements, as outlined in Appendix B herein. 

3.2 Geotechnical Conditions 

A geotechnical site investigation was performed in 1996 by Engineering and Testing 
Consultants (ETC), Inc. A copy of the original report has not yet been received by Carollo 
Engineers, however, the 1996 Black & Veatch preliminary design report indicates the 
following geotechnical information: 

3.2.1 Spread Foundations 

Spread Foundations bearing on approved undisturbed soils may be designed for an 
allowable bearing pressure of 4,000 psf. Allowable bearing pressure may be increased 33% 
for wind or seismic design. Bearing to be 24-inches below finished exterior grade, or 12-
inches below finished floor or finished interior grade. Minimum footing size to be 24-inches 
for isolated footings and 16-inches for continuous footings. 

3.2.2 Consolidation 

ETC considered the bearing strata to be unyielding with negligible consolidation 
settlements. Strain settlements were anticipated to be 1/2-inch, all of which should occur 
during construction. A subgrade modulus value of 300 lbs/in3 was recommended. 

3.2.3 Ground Water 

No ground water was encountered in any of the nine borings drilled to elevation 4,900+/-. 
The soils report stated that “wells drilled within a 1-1/2 mile radius of the site indicate depth 
to ground water at an average of elevation 4,610,” which is approximately 300 feet below 
the lowest level of existing structures. Therefore, ground water and/or floatation was not 
considered in the design of any of the structures. It should be noted that the original report 
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by ETC does not reflect current recharge levels as of 2009. Plant staff reports short-term 
mounding due to the existing recharge performed at the Airport WRF recharge basins. 

3.2.4 Excavation Slope 

A maximum of 2:1 horizontal to vertical slope was recommended. The footings rising from 
deeper portions of the foundations were required to follow this inclination, either as a 
continuous slope, or in equivalent steps. 

3.2.5 Lateral Earth Pressure 

Table 3A.19 indicates the parameters that were used in the design for lateral earth 
pressure. 
 

Table 3A.19 Previously Defined Geotechnical Parameters - Lateral Earth Pressure 
Technical Memorandum No. 3A - Airport WRF Existing Conditions 
City of Prescott, Arizona 

Parameter Design Value 

Lateral Backfill Pressure  

Unrestrained Walls 40 psf/ft 

Restrained Walls 60 psf/ft 

Lateral Passive Pressure  

Continuous Walls/Footings 250 psf/ft 

Isolated Columns/Footings 350 psf/ft 

Coefficient of Base Friction  

Independent of Passive Resistance 0.50 

In Conjunction with Passive Resistance 0.30 

It is anticipated that geotechnical conditions will be updated/verified under this contract in 
the near future, and that a new geotechnical report will be generated prior to any future 
detailed design. 

3.3 Physical Condition Assessment 

A visual inspection of the major equipment and structures at the Airport WRF was 
conducted as part of this project. The intent of the inspection was to document the general 
condition of all major equipment and structures at the plant, to provide input for future 
improvements planning. The structural inspections were limited to the interior surfaces of 
walls above the waterline. Similarly, mechanical inspections were limited to equipment 
components above the waterline. This visual inspection did not include functional tests, 
core sampling, or other detailed tests, and was limited to a general visual assessment of 
the condition of equipment and structures at the WRF. 
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A three-grade rating system was used to evaluate equipment and structures. Structures 
were rated as “good” when there were no visible signs of concrete deterioration or other 
apparent issues with the integrity of the concrete. Structures were rated as “fair” when there 
were some signs of concrete deterioration, such as minor spalling or cracks. Structures 
were rated as “poor” if severe signs of concrete deterioration were found, such as exposed 
rebar, extensive corrosion, or major spalling and cracks.  

Equipment was rated as “good” when there were no visible signs of deterioration needing 
immediate attention. Equipment was rated as “fair” when there were minor deficiencies that 
require attention. A “poor” rating implies that immediate action is required to correct an 
evident mechanical problem. 

The visual condition assessment of the major equipment and structures at the plant is 
summarized in Table 3A.20. In general, most of the facilities at the Airport WRF can be 
considered in relatively good condition, with a few unit processes needing attention to 
resolve minor issues. 
 

Table 3A.20 Condition Assessment of Existing Facilities 
Technical Memorandum No. 3A - Airport WRF Existing Conditions 
City of Prescott, Arizona 

Unit Process Structure Condition 
Equipment 
Condition 

Headworks   

Mechanical bar screen Good Good 

Manual bar screen Good Good 

Grit removal Good Good 

Activated Sludge System   

Anoxic basins Good Good 

Oxidation Ditch No. 1 (1998) Good Good 

Oxidation Ditch No. 2 (1976) Fair (1) Fair (1) 

Secondary clarifier Good Good 

Tertiary filter Good Good (2) 

UV Disinfection Good Good 

Effluent and NPW Pumping   

Pump station / Wet well Good Good 

Recovery Well Pump Station Good Good 

Solids Handling   

Solids Holding Tank Fair (3) Good 

Dewatering system Good Good 
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Table 3A.20 Condition Assessment of Existing Facilities 
Technical Memorandum No. 3A - Airport WRF Existing Conditions 
City of Prescott, Arizona 

Unit Process Structure Condition 
Equipment 
Condition 

Notes: 
(1) Minor cracks and concrete spalling were observed. The shotcrete thickness is 2.5 inches per the 

record drawings. Brush rotors showed some evidence of corrosion, and a few missing blades. 
Plant staff has recently performed maintenance on the equipment and equipment is in operation. 

(2) Media replacement was performed in 2007. Plant staff reported that the filter underdrain system 
was in good condition at the time that the media was replaced. 

(3) Minor cracks and concrete spalling were observed. 
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4.0 CAPACITY ANALYSIS 

A process model was used to evaluate the treatment capacity of the Airport WRF. The 
process model simulates the plant performance based on inputs for flow, loading, and other 
operating conditions. Outputs from the model are process effluent characteristics, process 
safety factors on achieving given criteria, or the allowable loading to prevent process 
failure. 

The primary objective for modeling the performance of the Airport WRF was to evaluate the 
performance of the existing facilities under current and future loadings, in order to 
determine the treatment capacity of the existing facilities. 

The approach used for the process modeling effort included the following steps: 

 Establish design influent wastewater flows and characteristics to be used for the 
process evaluation under existing conditions. 

 Customize and calibrate the process model for the Airport WRF under existing 
conditions. 

 Using the calibrated process model, evaluate the performance of the secondary 
treatment process under existing and future conditions, under the design 
wastewater flows and loadings. 

4.1 Wastewater Flows 

Daily average, high, and low influent flows were obtained from plant operational data 
records between January 2006 and April 2009. The average daily flow into the plant has 
been consistently increasing over time. Throughout a calendar year, the plant typically 
receives higher flows during winter months, probably due to infiltration during wet weather 
months. A chart with the historical flow data analysis and the recommended flow peaking 
factors is presented in Figure 3A.4. The highest flow reported (January 8, 2008) 
corresponded to a wet weather event, but the flow value was above the maximum flow of 
the flow recorder scale. The highest peak flows have historically occurred during winter 
months (December to February), although peak flows during summer months (July to 
August) are also significant. 
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The recommended maximum month flow peaking factor was based on the ratio between 
the maximum 30-day running average flow and the annual average day flow. Due to the 
gradual consistent increase of the annual average day flow, a linear regression was used to 
calculate the annual average flow over the entire period of data analysis. The peak day 
factor was based on the ratio between the maximum daily average flow and the annual 
average flow. The peak hour factor was based on the ratio between the maximum high flow 
reported and the annual average day flow. The recommended peaking factors are 
presented in Table 3A.21. The recommended peaking factors are similar to values 
observed in typical domestic wastewater treatment facilities in Arizona. 
 

Table 3A.26 Design Hydraulic Peaking Factors 
Technical Memorandum No. 3A - Airport WRF Existing Conditions 
City of Prescott, Arizona 

Hydraulic Peaking Factor (1) Value 

Maximum Month Average Day 1.4 

Peak Day 2.0 

Peak Hour 3.0 
Note: 
(1) Based on historical data analysis between January 2006 and April 2009. All peaking factors are 

relative to the annual average day flow. 

4.2 Wastewater Characteristics 

The wastewater characteristics for the plant capacity analysis were determined based on 
an analysis of the plant’s historical wastewater quality records. Influent characteristics were 
obtained from plant operations historical records between 2006 and 2009. Composite 
samples of the plant influent are taken at the headworks, after the wastewater goes through 
screening and grit removal. Flow and characteristics from the tertiary filter backwash stream 
and sludge dewatering equipment are not routinely measured, but are included in the 
influent wastewater quality characteristics.  
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The following wastewater quality data provided by the City was used in the analysis: 

 Biological Oxygen Demand (BOD) and Total Suspended Solids (TSS): 
Approximately four samples per month (one per week). Data was analyzed for the 
period between January 2006 and April 2009. 

 Total Kjeldahl Nitrogen (TKN) and Ammonia Nitrogen (N): One sample per 
month between May 2006 and June 2008. 

The raw data set included unusually high values of influent BOD and TSS. Therefore, a 
statistical approach was used to filter the data set and eliminate extreme values, both at the 
high end and low end of the observed ranges. “Filtered” ranges for BOD and TSS 
concentrations were defined by the respective average values plus and minus two times the 
standard deviation based on the raw data set. Data points falling outside the “filtered” 
ranges were excluded from the analysis. Six BOD concentrations and three TSS 
concentrations were excluded from the analysis using this data filtering approach. The 
filtered data set was then used for the calculation of all the averages and percentiles 
reported herein. 

Table 3A.22 presents the average influent wastewater characteristics per year over the 
analysis period. Graphs of influent wastewater concentrations and calculated loadings are 
included in Appendix A. 
 

Table 3A.22 Average Influent Wastewater Characteristics 
Technical Memorandum No. 3A - Airport WRF Existing Conditions 
City of Prescott, Arizona 

Parameter 2006 2007 2008 2009 (1) 2006-2009 

BOD, mg/L  346 283 349 271 322 

TSS, mg/L  427 505 579 475 504 

TKN, mg/L  32.4 (2) 28.1 50.6 (3) N.A. 34.6 (4) 

Ammonia N, mg/L 30.7 (2) 26.6 33.8 (3) N.A. 29.5 (4) 

Notes: 
(1) From January to April, 2009 
(2) From May to December, 2006 
(3) From January to June, 2008 
(4) From May 2006 to June 2008 

The recommended wastewater characteristics for design and capacity evaluation purposes 
were based on determining wastewater concentrations under annual average day loadings 
and maximum month average day loadings. Average loadings were based on average 
wastewater concentrations calculated over the entire analysis period (2006 to 2009).  

The recommended wastewater characteristics for maximum month loadings were based on 
a statistical analysis of the reported wastewater quality. The maximum month load peaking 
factors were calculated based on the ratio between the 92nd percentile of all reported 
wastewater concentrations in the analysis period (2006 to 2009) and the average 
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wastewater concentrations. The 92nd percentile values were selected as representative 
values for maximum month conditions, based on the assumption that 8 percent of the time 
(1 in 12 months) in a year is the maximum month. Table 3A.23 presents the recommended 
maximum load peaking factors for design and capacity analysis purposes. 

The dynamics of flows and loads in the plant influent show that maximum month 
wastewater loads (pounds per day) typically coincide with maximum month flows. 
Therefore, the recommended wastewater concentrations at maximum month conditions 
represent the combination of maximum month flow and wastewater concentrations that 
result from the recommended maximum month load peaking factors.  
 

Table 3A.23 Influent Loading Peaking Factors 
Technical Memorandum No. 3A - Airport WRF Existing Conditions  
City of Prescott 

Parameter Average (1) 
92nd 

Percentile (1) 

Recommended 
Maximum Month Load 

Peaking Factor 

BOD, mg/L 322 537 1.67 

TSS, mg/L 504 886 1.76 

TKN, mg/L 34.6 51.7 1.67 (2) 

Ammonia, mg/L 29.5 34.8 1.67 (3) 
Notes: 
(1) Based on historical data between January 2006 and April 2009. All peaking factors are relative 

to the annual average day flow. 
(2) The calculated peaking factor is 1.49. The recommended peaking factor is equal to the BOD 

load peaking factor for a conservative design/capacity analysis of the denitrification process. 
(3) The calculated peaking factor is 1.18. The recommended peaking factor is equal to the BOD 

load peaking factor for a conservative design/capacity analysis of the denitrification process. 

Temperature for design and capacity evaluation purposes was based on the plant-reported 
values sampled from the mixed liquor, which is a direct measure of the process 
temperature. Process temperature is a critical parameter for the design and capacity 
evaluation of the secondary treatment system. Maximum month loadings occur during 
winter months, which is also the period of slower biological activity due to the lower process 
temperatures. Therefore, maximum month loading conditions under winter temperatures 
represent the most critical conditions for the secondary system. 

Table 3A.24 presents the recommended wastewater characteristics at average and 
maximum month conditions, used for the capacity evaluation presented herein. 
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Table 3A.24 Design Wastewater Concentrations 
Technical Memorandum No. 3A - Airport WRF Existing Conditions 
City of Prescott 

Parameter Unit 
Annual 

Average Day 
Maximum Month 
Average Day (1) 

Design Concentrations 

BOD mg/L 322 383 

TSS mg/L 504 633 

TKN mg/L 34.6 41.2 

Ammonia N mg/L 29.5 35.1 

Alkalinity (1) mg/L 250 250 

Temperature (2) C  18.4 12.4 

pH -- 7.3 7.3 
Notes: 
(1) Assumed. No data available. 
(2) Based on mixed liquor temperature measurements. 
(3) Based on the assumption that the maximum month load (ppd) coincides with the maximum 

month flow (mgd). 

4.2.1 Influent Wastewater Characteristics Discussion 

The average BOD concentration for the Airport WRF is within the typical range of values 
observed for other facilities in Arizona. However, there are several reported BOD 
concentrations in the 600 to 800 mg/L range, mostly during the winter of 2006-2007. These 
values are relatively high compared to typical values observed in domestic wastewater.  

The reported TKN and ammonia values are within typical values for domestic wastewater in 
Arizona. An increasing trend in TKN and ammonia concentrations was noted since 
September of 2007. We recommend monitoring the influent TKN and ammonia as 
frequently as BOD and TSS in the future.  

The average and maximum month influent TSS are relatively high compared to other facilities 
in Arizona. The observed average TSS to BOD ratio of 1.5 is relatively high, compared to a 
more typical ratio of 1.2. The original design BOD to TSS ratio was 1.36. Some of the reported 
influent TSS values are unusually high, in the 1,000 to 1,400 mg/L range.  

The existing wastewater concentrations are significantly higher than the criteria used for the 
original design of the secondary treatment facilities. Table 3A.25 summarizes the 
comparison between the original design criteria and existing conditions, as it pertains to 
influent wastewater concentrations. The existing BOD and TSS wastewater concentrations 
are higher than the original design criteria values by factors ranging between 2.6 and 3.2. 
The existing average TKN concentrations are similar to the values used for the original 
design.  
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Table 3A.25 Original Design and Existing Conditions Influent Wastewater 
Concentrations 
Technical Memorandum No. 3A - Airport WRF Existing Conditions 
City of Prescott 

Parameter Unit 

Original 
Design 
Criteria 

Existing 
Conditions 
Criteria (1) 

Existing / 
Original 

BOD, Annual Average mg/L 117 322 2.75 

BOD, Maximum Month mg/L 155 383 2.47 

TSS, Annual Average mg/L 159 504 3.17 

TSS, Maximum Month mg/L 211 633 3.00 

TKN, Annual Average mg/L 35 34.6 0.99 

TKN, Maximum Month mg/L 36 41.2 1.15 
Note: 
(1) Based on historical data between January 2006 and April 2009. 

Table 3A.26 summarizes the comparison between original design and existing conditions, 
as it pertains to influent wastewater mass loadings. Mass loadings ultimately determine the 
loadings to the secondary system, and they are the product of flow and concentration. The 
influent hydraulic flows are well below the original buildout design values. However, the 
BOD and TSS mass loadings are between 18 and 49 percent higher than the original 
design values. 
 

Table 3A.26 Original Design and Existing Conditions Wastewater Mass Loadings 
Technical Memorandum No. 3A - Airport WRF Existing Conditions 
City of Prescott 

Parameter Unit 

Original 
Design 
Criteria 

Existing 
Conditions 
Criteria (1) 

Existing / 
Original 

Flow, Annual Average mgd 2.4 0.99 0.41 

Flow, Maximum Month mgd 2.9 1.39 0.48 

BOD, Annual Average ppd 2,340 2,636 1.13 

BOD, Maximum Month ppd 3,750 4,396 1.17 

TSS, Annual Average ppd 3,190 4,219 1.32 

TSS, Maximum Month ppd 5,103 7,423 1.45 

TKN, Annual Average ppd 697 287 0.41 

TKN, Maximum Month ppd 871 478 0.55 

Note: 
(1) Based on historical data between January 2006 and April 2009. 
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4.2.1.1 Alternative Maximum Month Concentrations 

An alternative approach commonly used to determine maximum month concentrations is to 
use the 85th percentile of all the concentrations in the data set, instead of the 92nd 
percentile as used in this analysis. A comparison between using 85th percentile versus 92nd 
percentile concentrations is summarized in Table 3A. 27. 

Using the 85th percentile instead of the 92nd percentile values results in lower design 
maximum month concentrations, by approximately 13 percent. Due to the relatively small 
reduction in wastewater concentrations with the alternative approach, the consensus was to 
use 92nd percentile values to determine maximum month concentrations. The 92nd 
percentile approach provides a conservative estimate of maximum month conditions, and 
was considered adequate for the purposes of this study. 
 

Table 3A.77 Maximum Month Wastewater Concentrations Comparison 
Technical Memorandum No. 3A - Airport WRF Existing Conditions 
City of Prescott 

Parameter Unit 

Maximum Month 
Average Day 

92nd percentile 

(1) 

Maximum Month 
Average Day 

85th percentile (1) Difference (2) 

Design Concentrations 

BOD mg/L 383 333 - 13% 

TSS mg/L 633 548 - 13% 

TKN mg/L 41.2 35.8 - 13% 

Ammonia N mg/L 35.1 30.5 - 13% 
Notes: 
(1) Based on the assumption that the maximum month load (ppd) coincides with the maximum 

month flow (mgd). 
(2) Difference with respect to 92nd percentile concentrations. 

4.2.1.2 Additional Wastewater Characterization 

Additional sampling upstream of the WRF was recommended in order to identify any 
possible sources of unusually high TSS loadings. Wastewater samples were collected at 
several points in the collection system in the vicinity of the Airport WRF. Locations that were 
sampled on two different days showed a wide variation in BOD and TSS concentrations. 
BOD and TSS values at the plant headworks agreed with historical values. 

Additional testing parameters for the influent wastewater at the plant was also 
recommended as part of this study. These additional testing parameters allowed a more 
detailed characterization of the different fractions (e.g., soluble, colloidal, particulate) of 
BOD, COD, nitrogen, and phosphorus, as well as inert TSS in the influent wastewater. 
These fractions were used to confirm assumptions made during process model calibration 
in regards to the wastewater fractionation parameters. The additional sampling also 
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corroborated the relatively high BOD and TSS values observed in the long-term data set. 
The results of the detailed wastewater sampling efforts are included in Appendix C. 

4.3 Process Modeling 

Process modeling for the Airport WRF was performed using the Biological Treatment 
Analysis (Biotran) modeling program. Biotran is a modeling tool developed by Carollo 
Engineers for wastewater treatment plant design and process evaluations. This program 
utilizes mass balances, and biological and physical models, to simulate interactions 
between the different unit processes in a wastewater treatment facility. The model is used 
in conjunction with the wastewater characteristics and design criteria to establish treatment 
capacities for the different processes. The model also generates projections for biosolids 
production, oxygen utilization, etc., that can be used to size auxiliary facilities (i.e., blowers, 
pumps, etc.). 

Biotran is a steady state model. Therefore, the model predictions represent average values 
and not individual values taken at a particular time of the day. In reality, plant flows, 
concentrations and operating conditions vary during the course of the day, and from week 
to week. As a result, projections from a steady-state model, as shown here, must not be 
expected to accurately replicate individual samples taken on any particular day. However, 
model predictions can be compared to averages of concentrations observed over a period 
of time for which the evaluation is being performed. 

4.3.1 Model Calibration 

The Biotran process model was customized to simulate the existing unit processes at the 
Airport WRF. Basin dimensions, flow routing, and equipment capacities were based on the 
1998 Expansion drawings, the facility Operations and Maintenance (O&M) Manual, and 
discussions with plant staff during plant visits. 

The approach used for model calibration was to incorporate the available plant data as 
inputs to the model, and compare the steady state model predictions with annual averages 
of plant operating data. The annual average influent BOD, TSS, TKN, and ammonia values 
were used as inputs for the model calibration. Graphs of process data used in the model 
calibration procedure are included in Appendix A. 

The model predictions were in relatively good agreement with the plant data. The model 
was calibrated to match the values predicted by the model to the actual reported average 
values of ammonia, nitrate and nitrite concentration in the effluent, as well as solids 
production in the waste activated sludge (WAS) stream. The main inputs used in the model 
calibration procedure are specific parameters that define the different components of 
domestic wastewater, in addition to input parameters based on actual data such as influent 
BOD, TSS, TKN and ammonia. Wastewater is composed of biodegradable, 
unbiodegradable, and inorganic fractions, and each of these fractions is further subdivided 
into soluble and particulate components. Each of these specific parameters affects the 
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predicted performance of the biological system in a particular manner. For example, effluent 
nitrate levels are very dependent on the amount of soluble biodegradable matter (i.e., 
soluble BOD) in the anoxic zones of the system. Sludge production is influenced not only by 
the amount of bacterial growth, but also by the unbiodegradable particulate fraction of the 
influent TSS. The specific parameters that determine the biodegradable, unbiodegradable, 
and inorganic fractions of soluble and particulate components were calibrated within typical 
ranges of values normally observed in domestic wastewater. The unbiodegradable 
particulate fraction of the influent TSS, however, was relatively low compared to typical 
values. 

4.3.2 Evaluation Criteria 

The overall plant capacity is determined by the capacity of the individual unit processes. For 
some unit processes, the capacity is based on the hydraulic peak flows. Under this 
category are the headworks equipment and the tertiary treatment facilities. In this 
evaluation, the maximum rated capacity of unit processes governed by hydraulic flow was 
compared to peak daily or peak hourly flows to determine possible limitations in the overall 
treatment process capacity. The wastewater flows (annual average day, maximum month 
average day, peak day, peak hour) used for this evaluation were presented in Table 3A.. 

The capacity of the secondary process, however, is based not only on flow, but also on the 
influent wastewater characteristics, and on operating parameters such as solids retention 
time (SRT), mixed liquor suspended solids (MLSS) and sludge settleability characteristics. 
The secondary process includes the aeration basins, aeration system, secondary 
sedimentation basins, as well as mixed liquor return (MLR) and return activated sludge 
(RAS) pumps. 

To determine the secondary process treatment capacity, the activated sludge treatment 
facilities were evaluated based on their capacity to operate effectively at different design 
influent flow and loadings. The process modeling approach was to allow the secondary 
clarifier overflow rate and solids loading safety factor to determine the maximum acceptable 
operating mixed liquor suspended solids (MLSS) concentration in the aeration basins. The 
resulting MLSS results in a given solids retention time (SRT) of the secondary system, 
which was evaluated together with the effluent characteristics to determine whether the 
predicted performance of the secondary system would be acceptable to meet the effluent 
quality criteria. 

The main requirement in the selection of a minimum required SRT is that the operating 
aerobic SRT must be long enough to support stable nitrification throughout the year. A 
recommended minimum aerobic SRT is calculated in the Biotran model as a guideline for 
ensuring stable nitrification. The evaluations presented in this technical memorandum were 
based on achieving a minimum aerobic SRT of approximately 8 days. A shorter aerobic 
SRT compromises the ability of the plant to successfully perform nitrogen removal, 
especially under winter conditions. 
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A minimum clarifier safety factor (CSF) of 2.0 was selected for this analysis. The CSF is 
defined as the ratio between the maximum settling velocity of the mixed liquor and the 
basin overflow rate. Therefore, the purpose of maintaining a clarifier safety factor of 2.0 
under average day flow conditions is to prevent solids carryover in the effluent from the 
secondary clarifiers. 

Effluent characteristics are another important criteria in determining the capacity of the 
secondary process. The governing criterion for this analysis was the effluent total nitrogen 
(TN), which is the sum of ammonia (NH3-N), nitrate (NO3-N), nitrite (NO2-N), and organic 
nitrogen. In the capacity evaluations reported in this technical memorandum, a maximum 
total inorganic nitrogen (TIN) concentration of approximately 6 mg/L was selected. TIN 
includes ammonia, nitrate and nitrite nitrogen. This criterion allows the organic nitrogen 
concentration to be about 2 mg/L before the effluent TN reaches the alert level of 8 mg/L, 
as identified by the plant’s Aquifer Protection Permit, which also stipulates a TN limit of 
10 mg/L. Both of these TN limits are based on a five-sample rolling geometric mean. Plant 
records for 2006-2009 indicated that the average effluent organic nitrogen concentration 
was approximately 1.2 mg/L. 

In addition to the TN criterion, maximum effluent ammonia and nitrite concentrations of 
approximately 2.0 and 1.0 mg/L, respectively, were used for the evaluation. These 
concentrations are mainly controlled by the extent of nitrification in the system. The most 
critical conditions are maximum month loadings during winter conditions, which result in 
decreased aerobic SRT values that make nitrification during winter months the controlling 
factor. 

4.3.3 Capacity Analysis Estimate 

The capacity of each process unit was evaluated by comparing its maximum capacity to the 
appropriate governing criterion. As discussed before, the plant capacity was evaluated 
under maximum month flow and loading conditions, although several process units were 
evaluated at either peak day or peak hourly flows. The estimated capacity of each process 
unit was expressed in terms of average day flow using the appropriate peaking factors.  

4.3.3.1 Preliminary Treatment 

The mechanical screen and grit removal units at the headworks facilities have a rated peak 
flow capacity of 7.2 mgd each, which results in an average day capacity of 2.4 mgd 
(peaking factor of 3.0) based on the information given in the O&M Manual and the design 
report. The single existing bar screen capacity is based on a maximum clear velocity of 
3 feet per second (fps) at the maximum water level. The bypass manual screen has been 
sized with the same criteria and therefore has the same capacity as the mechanical bar 
screen. 
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4.3.3.2 Secondary Treatment 

The activated sludge process includes the anoxic / aerobic basins, the surface aeration 
system, the secondary sedimentation basins, the mixed liquor return (MLR) pumps, and the 
return activated sludge (RAS) pumps. 

The capacity of the oxidation ditches and anoxic basins is directly related to the operating 
MLSS concentration in the basins. The flow capacity of the basins increases with the 
operating MLSS. The estimated capacity of the existing basins based on process model 
results is illustrated in Figure 3A.5. With MLSS concentrations of 2,500 mg/L, 3,000 mg/L 
and 3,500 mg/L, the estimated capacity of the activated sludge basins is 1.5 mgd, 1.8 mgd 
and 2.1 mgd, respectively. However, the operating MLSS concentration also determines the 
capacity of the secondary clarifiers, as discussed below. The Biotran process model output 
is included in Appendix D.  

The secondary sedimentation basin is another key process unit in the operation of the 
activated sludge system. The clarifier safety factor (CSF) was used as the limiting criterion 
to determine the capacity of the secondary sedimentation basins. The clarifier settling 
safety factor is the ratio between the maximum settling velocity of the mixed liquor and the 
basin overflow rate. The maximum settling velocity of the mixed liquor is determined by the 
settleability characteristics of the sludge, and was predicted based on a sludge volume 
index (SVI) value of 175 mL/g. For comparison, the average SVI for the Airport WRF 
between 2006 and 2009 was 167 mL/g. 

The significance of the SVI value used for design is the impact on the predicted initial 
settling velocity (ISV) of the sludge, as the clarifier safety factor is defined as the ratio 
between the surface overflow rate and the ISV. There are several published relationships 
between SVI and ISV. For this project, the Daigger correlation and an SVI value of 175 
mL/g were used for the analysis. The resulting ISV values using the Daigger correlation for 
SVI values of 175 and 200 mL/g (MLSS of 2,500 mg/L), are 7.0 and 6.4 ft/hr, respectively. 
The clarifier safety factors using the Daigger correlation and SVI values of 175 and 200 
mL/g are 2.3 and 2.1, respectively, for an MLSS concentration of 2,500 mg/L and an 
average daily flow of 1.5 mgd.  

The Pitman SVI-ISV correlation with an SVI of 150 mL/g is another correlation typically 
used to design and evaluate secondary clarification, and is representative of poor sludge 
settling characteristics. For comparison, the predicted ISV using the Pitman correlation and 
is 6.6 ft/hr for an SVI of 150 mL/g and an MLSS concentration of 2,500 mg/L. The clarifier 
safety factor using this approach is 2.2 for an average daily flow of 1.5 mgd. 
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Evaluation of the secondary clarification capacity was based on using the Daigger 
correlation and an SVI value of 175 mL/g. The estimated secondary clarifier capacity is 
considered to be conservative for clarification purposes, representative of poor sludge 
settling characteristics. It is expected that corrective action will be taken for conditions that 
lead to ISV values below 6.4 ft/hr. 

The target CSF was determined based on the peak day flow peaking factor and an 
additional safety factor of 15 percent to account for variability in sludge settling 
characteristics, resulting in a CSF target value of 2.3. It is Carollo’s standard practice to 
design for a minimum operating CSF of 2.0 under average day flows with one secondary 
clarification basin out of service. However, the Airport WRF has only one operating 
secondary clarifier, with no redundant units. A minimum CSF of 2.3 with the existing unit in 
service was used for the capacity evaluation herein.  

The process model includes a calculation of the allowable MLSS for a given plant flow, 
based on the relationship between MLSS and the maximum settling velocity of the mixed 
liquor to maintain the target CSF. As illustrated in Figure 3A.5, the secondary clarifier 
capacity is inversely related to the MLSS concentration. 

The treatment capacity of the activated sludge system depends heavily on the design 
MLSS used to evaluate the system. At higher MLSS concentrations, the capacity of the 
oxidation ditch basins is maximized, but the secondary clarifier capacity decreases. On the 
other hand, lower MLSS concentrations increase the flow capacity of the secondary 
clarifiers, but the capacity of the activated sludge basins is reduced. 

Figure 3A.5 summarizes the process model results for the secondary treatment evaluation. 
The capacity of the existing activated sludge basins and secondary clarifier is estimated at 
1.5 mgd, with an operating MLSS concentration of 2,500 mg/L. The optimum MLSS 
concentration for the existing secondary system is 2,500 mg/L, in order to maximize the 
capacity of both the activated sludge basins and the secondary clarifier at approximately 
1.5 mgd. As explained above, additional clarifier capacity would be required to operate the 
activated sludge basins with an MLSS concentration higher than 2,500 mg/L. 

Aeration System Capacity 

The treatment capacity of the installed brush aerators is estimated at 1.5 mgd. The existing 
aeration equipment was evaluated under winter and summer conditions with the process 
model, and the required horsepower (HP) per aerator unit was maintained below 40 HP. A 
clean water standard oxygen transfer rate (SOTR) of 2.75 lb/hp-hr was used for the 
analysis based on information in the design documents. Supplemental aeration will be 
required for flows beyond 1.5 mgd. 
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RAS and MLR Pumping 

RAS pumps have a rated capacity of 444 gpm each, with one pump in operation and one 
pump in standby. Based on process model calculations, the installed RAS pumping 
capacity is able to maintain the required RAS flows up to a plant flow of 1.5 mgd. 

The RAS pumps firm capacity (0.64 mgd with one pump in service) translates to an 
underflow (RAS and WAS) ratio of 43 percent at the estimated average day flow capacity of 
the activated sludge system and secondary clarifier of 1.5 mgd. The underflow average day 
flow calculated with the process model for an influent flow of 1.5 mgd is 0.71 mgd, or an 
underflow ratio of 47 percent. The existing RAS pumps are slightly undersized in order to 
maintain the required underflow ratio under average day conditions with one pump in 
service. It is estimated that the standby pump will be required to operate in order to 
maintain the required underflow (0.71 mgd) at a plant flow of 1.5 mgd. 

The recommended installed RAS pumping capacity (all units in service) is based on a 
minimum pumping capacity required at peak flows, estimated to be 1.26 mgd for a plant 
flow of 1.5 mgd, based on the process model calculations. The currently installed capacity 
of 1.28 mgd is adequate based on this criterion. 

The existing MLR pumps (3,800 gpm each) provide sufficient capacity to treat flows up to the 
maximum capacity of the activated sludge basins. These pumps can maintain a minimum 
MLR flow ratio of 4 for each of the activated sludge trains, up to plant flows of 2.5 mgd. 

4.3.3.3 Tertiary Treatment 

The existing single tertiary filter was evaluated in terms of the hydraulic loading at average 
and peak day flow conditions. The existing filter was designed for an average day flow of 
1.5 mgd, and a peak flow of 3.0 mgd, based on hydraulic loading rates of 2 and 4 gpm/sf for 
average day and peak day flows, respectively. It should be noted that the second filter 
originally considered in the 1998 expansion design project was not constructed due to 
insufficient funding. The performance and evaluation of the tertiary filtration facilities is 
reviewed in more detail in Technical Memorandum No. 7 of this project. 

The ultraviolet disinfection equipment was originally designed for an average daily flow of 
1.2 mgd and a peak hourly flow of 3.6 mgd. Based on the equipment-rated flows, additional 
disinfection equipment has sufficient capacity to operate at the current average day and 
peak hourly flows.  

4.3.3.4 Effluent Pumping 

The existing effluent pump station have a total rated capacity of approximately 3.0 mgd with 
all three units in service. With a peak hour factor of 3, the ADF total capacity of the effluent 
pump station is approximately 1.0 mgd.  
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Figure 3A.6 summarizes the capacity analysis estimate for the existing facilities at the Airport 
WRF. The current tertiary treatment facilities (filter and UV disinfection) limit the plant 
capacity at an average day flow capacity of 1.2 mgd. The current secondary treatment 
system has a capacity of 1.5 mgd mainly due to limitations in secondary clarification 
capacity. It should be noted that the second clarifier originally considered in the 1998 
expansion design project was not constructed due to insufficient funding. 
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5.0 OPERATIONAL CONSIDERATIONS 

5.1 Current Operations 

5.1.1 Headworks 

The new headworks was designed to handle the ultimate plant capacity of 2.4 mgd 
(average day). The headworks consists of automatic and manual screens, Parshall flume 
flow metering, and gravity grit removal. 

5.1.1.1 Bar Screens 

The bar screen equipment is currently operating without any major concerns. Two bar 
screens are currently installed, one mechanically cleaned, climber type, and one manual 
type. Provisions have been made for future installation of a second mechanically cleaned 
bar screen. Both screens have 3/4-inch clear space between bars with a channel depth of 
3 feet 11 inches and a channel width of 2 feet 6 inches. The automatic screen has dual 
controls that operate the screen on a timed basis or channel level. The manual screen is 
only used when the mechanically cleaned screen is out of service. 

5.1.1.2 Flow Metering 

Influent flow is measured using a Parshall flume with an ultrasonic level sensor. Flow is 
recorded using a 24-hour circular chart with a totalizer. The flume is located between the 
bar screens and the grit basin. 

5.1.1.3 Grit Removal 

A gravity type grit removal basin with a grit dewatering screw is located downstream of the 
Parshall flume. Velocity through the grit chamber is such that the heavier inorganic 
particles, such as rocks and cinders, sand and other such debris will settle out. The lighter 
organic particles will not settle out and pass on to the next treatment process. Some 
heavier organic material such as corn may also settle out with the inorganic material. Grit is 
conveyed by the rotating bottom scraper to a sump where it is picked up by a dewatering 
screw. The dewatering screw deposits the collected grit in a container for disposal. 

The grit removal equipment is in good working condition, other than a few minor mechanical 
repairs that have been required. The grit removal process seems to be working well, and 
relatively small amounts of grit have been observed in the anoxic basins, when they have 
been taken out of service.  
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5.1.2 Biological Treatment 

Additions to the original biological process included two anoxic basins and one oxidation 
ditch. The original oxidation ditch basin was retained for use when the loadings to the 
treatment facility require it. Additionally, the unused oxidation ditch was planned to be used 
as a pretreatment basin for industrial wastewater that could upset the biological process. 
The anoxic basins are used to denitrify the wastewater and the oxidation ditches are used 
to nitrify ammonia and remove carbonaceous BOD. 

The plant had been operating with only the newer oxidation ditch basin (Oxidation Ditch 
No. 1) in service. The original oxidation ditch basin (Oxidation Ditch No. 2) was being used 
as an emergency equalization basin. Due to increased loadings in the plant influent, plant 
staff started operating Oxidation Ditch No. 2 at the end of 2008, in order to increase the 
aerobic solids retention time and improve the system operation, especially under winter 
conditions. Initially, the oxidation ditch basins were operated in series, which presented 
some challenges for the operation of the activated sludge system. After verifying that both 
oxidation ditch basins were connected to the secondary clarifier, plant staff switched to a 
parallel operation of the anoxic and oxidation ditch basins, as was originally intended in the 
plant design.  

After a period of stabilization, plant staff has been able to produce a very good quality 
effluent (TN < 5 mg/L) with the operation of the activated sludge system in the parallel 
mode. The main optimization parameters have been the aerator and mixed liquor return 
equipment operation. Timers are currently being used to control dissolved oxygen 
concentrations in the oxidation ditches (via adjustment of aerator times), and to control 
mixed liquor return flows back to the anoxic basins. 

5.1.2.1 Anoxic Basins 

The anoxic basins are used to denitrify the waste stream by converting nitrates to nitrogen 
gas. The nitrogen gas leaves the solution and goes into the atmosphere. Each anoxic basin 
is divided into two cells of equal size. Each cell contains a down draft mixer to keep the 
solids in suspension. 

5.1.2.2 Oxidation Ditch 

The new oxidation ditch (Oxidation Ditch No. 1) with a volume of 117,000 cubic feet was 
added to the treatment facility in 1998. The original oxidation ditch (Oxidation Ditch No. 2), 
with a volume of 93,240 cubic feet, is smaller and shallower than the new ditch. Flow from 
the anoxic basins enters the oxidation ditches through submerged inlets. The basin inlets 
are located on the north end of each basin. The original Oxidation Ditch No. 2 basin inlet is 
on the west side of the basin, near the north brush aerator. Both ditches are mixed and 
aerated with brush aerators. 
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Each oxidation ditch has a mixed liquor recycle pump wet well connected to it that contains 
one submersible pump. These submersible pumps are used to recycle mixed liquor to the 
anoxic basins. Flow from the oxidation ditches is discharged to the secondary clarifier. 

5.1.3 Secondary Clarification 

There is currently one secondary sedimentation basin in operation. This basin has a 
diameter of 60 feet and a side water depth of 15 feet, and was added in the 1998 plant 
expansion. Provisions have been made for adding an additional secondary clarifier in the 
future. The original 50-foot diameter clarifier, with an 8-foot side water depth had been left 
as a standby unit. However, the 50-foot diameter clarifier basin was recently converted into 
a solids holding and thickening basin and is no longer available for secondary clarification. 

Solids removed from the clarifier are either returned to the anoxic basin or wasted. Waste 
solids are bled off the return solids line. Both solid streams are metered. Scum collected 
from the surface of the clarifier is wasted from the system. The scum volume is not 
metered. The clarification process is operating properly, but the basin capacity currently 
limits the secondary treatment capacity of the plant. 

RAS pumping had been problematic in the past. The previous RAS submersible centrifugal 
pump would constantly plug and required frequent maintenance. The pumps were replaced 
with new units that have non-clog impellers (Flygt, type “N” impeller), which have practically 
eliminated clogging issues and simplified RAS operation. A second pump was recently 
added for added capacity and redundancy.  

One of the two RAS pumps is currently connected to a variable frequency drive (VFD). The 
pump VFD allows a variable flow control depending on the process requirements. However, 
the RAS flow is not currently flow paced because the RAS VFD is not connected to the 
influent flow meter signal in any manner. 

Sludge wasting is achieved using the RAS pumps, by opening a valve off the main RAS 
line. Waste sludge is continuously fed into the solids holding basin, where it is equalized 
and thickened before it is pumped to the dewatering centrifuge. 

5.1.4 Traveling Bridge Filters 

One traveling bridge filter, using sand as the filter medium, with capacity of 1.2 mgd at 
average flows and a peak flow of 2.4 mgd, has been installed. Firm capacity was not 
required, as effluent for indirect aquifer recharge (surface basins) does not have to be 
filtered. The filter is a multi-cell unit that allows filtering and backwashing to occur 
simultaneously. 

The existing filter can generally produce effluent with a turbidity below 2 NTU. However, 
there have been several days over the past three years when the average daily turbidity 
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values have exceeded 2 NTU. Calcium hypochlorite (5 lb/day) is currently being added on a 
regular basis to keep filters from plugging.  

5.1.5 Ultraviolet Disinfection 

New ultraviolet disinfection equipment was retrofitted into the original chlorine contact 
channel. The current disinfection equipment was sized for a peak flow of 3.6 mgd. 
Provisions to allow for expansion to a peak flow of 7.2 mgd have been made. 

The disinfection system operates with a constant UV dose, without any flow pacing. The 
existing system is relatively easy to maintain, although plant staff have experienced some 
programming challenges with some of the alarms of the system. 

The existing chlorination equipment was to provide supplemental disinfection for reclaimed 
water disinfection and to maintain a residual in the delivery pipeline. 

5.1.6 Solids Handling 

The current solids handling practice is dewatering undigested sludge, followed by landfill 
disposal. WAS is pumped to an aerated solids holding basin using pressure from the RAS 
pump. The solids holding tank is aerated with a 20-horsepower positive displacement 
blower and a coarse bubble diffuser system that maintain aerobic mixing conditions in the 
basin. Submersible WAS pumps in the solids holding basins pressurize the WAS line 
connected to the centrifuge feed pumps.  

The existing centrifuge produces a dewatered cake with approximately 22 percent solids 
content, which is subsequently sent to landfill disposal. The belt filter press previously 
operated is being retained as a backup to the centrifuge dewatering system. 

5.2 Plant Issues, Needs, and Operational Preferences 

5.2.1 General 

The plant does not currently have any type of monitoring or control system available. At the 
minimum, monitoring of key processes and alarms notifications are desirable in the short-
term. Monitoring and alarms would improve the reliability of the system, providing operators 
the ability to identify major upsets during unattended operation periods. In the long-term, 
instrumentation and control elements could be incorporated in a plant control system for 
automation of the major processes, such as secondary process equipment. Automation of 
major processes will optimize energy consumption, and provide a more reliable operation of 
the treatment process. 

5.2.2 Headworks 

The openings of the existing screens let relatively large solids pass through. Under the next 
plant expansion, staff would like to evaluate the different screening and grit removal 
alternatives currently available. Screening requirements are also influenced by 
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requirements of the treatment process. A screenings washer-compactor should be 
evaluated with the next headworks expansion.  

It is standard practice to provide a bypass for mechanical screen units. A passive manually 
cleaned bypass screen is preferred by plant staff, and should be incorporated in any 
headworks expansion design. 

The maximum flow that can be recorded with the existing influent flow meter chart recorder 
has been increased from 3.0 mgd to 5.0 mgd. There have been occasions when peak flows 
exceed 3.0 mgd. It is recommended that the recorded be updated to allow recording flows 
of the headworks peak design flows, which is currently 7.6 mgd. 

5.2.3 Anoxic and Oxidation Ditch Basins 

There is currently no automated control of rotor operation or MLR pumping. Aerator control 
can be automated based on dissolved oxygen concentrations in the basin, in order to optimize 
the biological treatment process and the energy consumption of the secondary process.  

In order to de-couple oxygen supply from mixing requirements, plant staff is interested in 
evaluating the use of submersible mixers in the oxidation ditch basins. 

5.2.4 Secondary Sedimentation Basin 

There is currently only one secondary sedimentation basin in operation. While the 
equipment is operating properly, there is no redundancy in the secondary clarification 
process. More clarification capacity is required to increase plant capacity and provide 
redundancy. However, addition of secondary clarifier capacity needs to be evaluated within 
the context of the overall site master plan. 

A positive means of continuous sludge wasting is required to improve process control and 
simplify operation of the RAS and WAS control system. Recent modifications to the sludge 
wasting system have been completed, and continuous wasting is currently being practiced. 
Level monitoring (and associated alarms) in the sludge holding basin are recommended to 
improve the reliability of the sludge wasting process. 

RAS flows can be optimized by flow-pacing with the plant influent flow. One of the RAS 
pumps already has a VFD. It is recommended that RAS flow is flow paced to optimize 
process control. 

5.2.5 Filtration and Disinfection 

There is currently no redundancy in the filtration facilities. Specific recommendations 
regarding tertiary filtration are addressed in Technical Memorandum No. 7. 

UV equipment is currently operated with a constant UV dose. In order to optimize energy 
usage, the UV dose could be paced based on flow and on the UV transmittance (UVT) of 
the reclaimed water. 
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5.2.6 Non-Potable Water System 

The existing system does not provide sufficient pressure, nor does it provide appropriate 
pressure control. The existing system is not independent from the effluent pumping system, 
which provide challenges for an appropriate pressure control. The yard hydrants require 
more pressure to operate effectively. It is recommended that a new non-potable water 
system be evaluated. 

5.2.7 Electrical 

A detailed electrical evaluation is recommended. Currently, the following equipment can be 
maintained operational with the 150 kW stand-by power unit during a power outage.  

 One effluent pump 

 One brush aerator 

 Two anoxic mixers 

 Clarifier drive motor 

 RAS pumps 

 Lighting panel board 

 One mixed liquor recycle pump 

There are plans to replace the 300 kW standby power unit at the Sundog WWTP. Plant 
staff has expressed the intent of installing the 300 kW standby power unit at the Airport 
WRF. This addition to the electrical system would increase the plant reliability, as more 
equipment could be connected to standby power in the event of power failures. Power 
outages can be as long as 12 hours at the Airport WRF, and therefore it is important to 
increase the standby power generation capacity at the plant. A detailed electrical evaluation 
is recommended to determine how the 300 kW unit can be best incorporated into the 
Airport WRF electrical system. 
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ES4 TM 4 – INFLUENT AND EFFLUENT MANAGEMENT 
  
ES4.1 Introduction 

The main objectives of this technical memorandum (TM) are to (1) address the relative 
effectiveness of infiltration/inflow (I/I) reduction in the collection system versus the extent of 
treatment plant expansions to accommodate increased flows due to I/I, and (2) address 
issues related to existing and future effluent management. 

ES4.2 Influent Management  

Site master planning at the City’s wastewater treatment facilities requires the establishment 
of design flow peaking factors for the purpose of unit process sizing. The peak hour flows 
recently observed at the Sundog Wastewater Treatment Plant (WWTP) and the Airport 
Water Reclamation Facility (WRF) exceed typical peaking factor values of 2 to 3 observed 
in other communities of similar size. 

The City of Prescott Wastewater Collection System Model Study (Carollo, January 2008) 
identified significant amounts of I/I entering the wastewater collection system as a result of 
storm events. Based on 2004-2005 information, approximately 25-28 percent of the annual 
flow received at the Sundog WWTP appears to be I/I, and the I/I contribution to the Airport 
WRF annual flow is approximately 9-13 percent. 

A detailed analysis of influent flow records at the Sundog WWTP and the Airport WRF was 
performed in order to quantify the immediate flow equalization needs at both facilities. Both 
facilities experienced significant peak flows during storm events in January 2010. The 
analysis of Sundog WWTP influent flows is presented in Figure ES4.1. The analysis of the 
Airport WRF influent flows is presented in Figure ES4.2. 

The proposed strategy for handling storm flows at the Sundog WWTP is to plan influent 
flow equalization facilities for the short and medium term using new tankage for a 
recommended volume of 9 million gallons (MG). While there is uncertainty regarding the full 
duration of the storm flows during the storm event analyzed, the recommended volume 
includes a reasonable safety factor of 1.2 (industry standard) over the equalization volume 
of 7.6 MG estimated based on the 2010 storm event. 

The proposed strategy for handling storm flows at the Airport WRF is to plan influent flow 
equalization facilities for the short and medium term using the existing oxidation ditch 
basins. The existing oxidation ditches will not be utilized for secondary treatment in the 
Airport WRF Phase 1 capacity improvements, and they will become available for flow 
equalization when the new Phase 1 aeration basins are completed. The total available 
volume of the two existing oxidation ditch basins (1.57 MG) provides a safety factor of 2.2 
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over the equalization volume of 0.7 MG estimated based on the 2010 storm event. While 
there is uncertainty regarding the full duration of the storm flows during the storm event 
analyzed, the existing total oxidation ditch volume provides a reasonable safety factor over 
the calculated required volume.  

ES4.3 Effluent Management 

In support of the safe yield goal and based on the City’s “Water Management Policy” 
(adopted October 2005), the City utilizes 100 percent of the effluent from its two treatment 
facilities, including a portion for reuse (golf course irrigation, commercial, and other) and the 
remaining amount for groundwater recharge.  During 2010 about 67% of the recharge water 
was from Sundog WWTP and 33% was from Airport WRF.  About 72% of the treated 
effluent was recharged and 28% was used for otherwise 

The City’s existing recharge facility at the Airport WRF site is permitted for 4.4 mgd (annual 
average) and the City has contract commitments for approximately 2.0 mgd (annual 
average) of effluent to outside customers. With existing total effluent flows (Sundog WWTP 
and Airport WRF) at approximately 3.7 mgd, the City has available capacity to continue 
reclaiming 100 percent of their effluent in the short term. However, it is important for the 
City to develop a reclaimed water master plan to accommodate future increased effluent 
flows.  

The recommended reclaimed water master plan should comprehensively address both 
physical and administrative aspects of effluent management. Two major factors that 
contribute to the need for the reclaimed water master plan are: 1) The proposed Phase 1 
expansion of the Airport WRF to 3.75 mgd will require documentation of compatible effluent 
management facilities; and 2) The reclaimed water master plan will have to address issues 
such as annual water balance, given the potential seasonal variations of effluent reuse 
through outside contracts. Although the City may have contract commitments to provide 
effluent for irrigation, it may be the City’s responsibility to provide “backup” effluent disposal 
for seasonal and/or wet weather conditions. 
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1.0 INTRODUCTION 

This technical memorandum (TM) was developed primarily to address the relative 
effectiveness of infiltration/inflow (I/I) reduction in the collection system versus the extent of 
treatment plant expansions to accommodate increased flows due to I/I. Major issues related 
to existing and future effluent management are also included in this TM. 

As detailed in the City of Prescott’s (City’s) Wastewater Collection System Model Study 
(2008 System Study) (Carollo, January 2008), I/I is a major issue for the City’s wastewater 
collection and treatment systems. Wastewater flows into the City’s two treatment facilities 
(Sundog WWTP and Airport WRF) increase significantly in the days following storm events. 

The City of Prescott proactively manages the effluent from its two wastewater treatment 
facilities as an integral component of the City’s overall water resources portfolio. All of the 
effluent from the two treatment plants is reclaimed, either for suitable reuse applications 
(i.e., golf course irrigation and construction materials washing) or for groundwater recharge. 
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2.0 INFLUENT MANAGEMENT 

As part of the Sundog WWTP and Airport WRF master planning efforts, it was important for 
the City to assess the magnitude of existing I/I flows and their effect on the future planning 
of wastewater treatment facilities. This section summarizes recent efforts to quantify I/I in 
the collection system, as well current effects of I/I flows at the two wastewater treatment 
facilities. Based on this information, a recommended approach to managing I/I flows is 
presented, taking into account critical needs and budgetary priorities as identified in the 
Sundog WWTP and Airport WRF master planning project. 

2.1 Previous and Existing Plant Influent Flow Conditions 

The last major capacity expansion design for the Sundog WWTP was completed in 1990. 
The design and observed peaking factors used for the last major plant expansion are 
summarized in. The observed flow peaking factors between 2006 and 2009 have exceeded 
the original design peaking factors, as summarized in Technical Memorandum No. 3S. 
Peak hour flows of up to 12.5 mgd have been recently observed at the Sundog WWTP, 
which represent 83 percent of the design peak hour flow of 15 mgd used for the 1989 
expansion design. 

The last major capacity expansion design for the Airport WRF was completed in 1998. The 
design and observed peaking factors used for the last major expansion are also 
summarized in Table 4.1. The observed peak day and peak hour flow peaking factors 
between 2006 and 2009 are in line with the original design peaking factors, as summarized 
in Technical Memorandum No. 3A. However, in a recent storm flow event in early 2010, the 
observed peak hour factor exceeded previous design values. Peak hour flows of up to 
4.5 mgd were observed at the Airport WRF, which exceeded the existing peak flow capacity 
of some unit processes in the plant. 

Table 4.1 Previous Design and Observed Hydraulic Peaking Factors 
Technical Memorandum No. 4 – Influent and Effluent Management 
City of Prescott, Arizona 

Peaking Factor 

Sundog WWTP 
(Peaking Factor) 

Airport WRF 
(Peaking Factor) 

1989 
Design Observed 

1998 
Design Observed

Maximum Month Average Day 1.08 2.0 (1) 1.2 1.4 (1) 
Peak Day 2.0 3.3 (1) 2.0 2.0 (1) 
Peak Hour 2.5 4.8 (2) 3.0 4.5 (2) 
Notes: 
(1) Based on 2006-2009 plant flow data. 
(2) Includes January 2010 storm event. 
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Site master planning at the two wastewater treatment facilities requires the establishment of 
design flow peaking factors for the purpose of unit process sizing. The peak hour flows 
recently observed at the two Prescott wastewater treatment facilities exceed typical peaking 
factor values of 2 to 3 observed in other communities of similar size. The analysis 
presented in the following subsections presents a recommended approach for managing 
influent wastewater flows at the City of Prescott.  

2.2 Infiltration and Inflow 

As previously noted, the 2008 System Study identified significant amounts of I/I entering the 
wastewater collection system as a result of storm events. Daily inflows and monthly 
precipitation records were summarized and compared for the Sundog and Airport treatment 
plants using 2004 and 2005 data (Table 4.2 and Table 4.3). Notwithstanding seasonal 
variations, data in these tables indicate the presence of I/I for both plants. For example, the 
maximum daily inflow to the Airport WRF (2.058 MG) occurred in December along with the 
second highest monthly precipitation in 2004.  
 
Table 4.2  Daily Inflows vs. Precipitation for the Sundog WWTP 

Technical Memorandum No. 4 – Influent and Effluent Management (1) 
City of Prescott 

Year-Month 
% 

Complete(2) 
Daily Inflow (mgd) Precipitation(3) 

(inches) Low Day Average Day Max Day 

January-04 0% - - - 0.56 

February-04 0% - - - 1.32 

March-04 0% - - - 1.61 

April-04 0% - - - 1.82 

May-04 0% - - - 0.00 

June-04 100% 1.845 1.959 2.111 0.00 

July-04 97% 1.820 2.553 3.303 3.29 

August-04 87% 1.260 2.506 2.830 1.16 

September-04 97% 1.934 2.321 3.080 1.11 

October-04 87% 1.974 2.610 4.261 4.24 

November-04 93% 2.930 4.087 6.658 3.52 

December-04 84% 2.370 3.449 8.975 3.41 

2004 54% 1.260 2.762 8.975 22.02 

January-05 19% 4.762 7.000 9.067 4.85 

February-05 50% 4.717 5.549 6.627 5.28 

March-05 90% 2.285 3.352 4.332 1.23 

April-05 97% 2.516 3.092 3.828 1.37 

May-05 90% 2.217 2.690 3.485 0.00 

June-05 100% 1.890 2.192 2.802 0.36 
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Table 4.2  Daily Inflows vs. Precipitation for the Sundog WWTP 
Technical Memorandum No. 4 – Influent and Effluent Management (1) 
City of Prescott 

Year-Month 
% 

Complete(2) 
Daily Inflow (mgd) Precipitation(3) 

(inches) Low Day Average Day Max Day 

July-05 100% 1.750 2.178 2.952 2.06 

August-05 100% 2.318 3.016 3.810 3.20 

September-05 93% 2.122 2.413 3.111 0.48 

October-05 0% - - - 0.83 

November-05 0% - - - 0.04 

December-05 0% - - - 0.00 

2005 62% 1.750 2.993 9.067 19.69 

Notes: 

(1) Analysis from Wastewater Collection System Model Study (Carollo, January 2008). 

(2) Indicates the percentage of days with data available for the given month. 
(3) Based on daily precipitation records from the following rain gauges: · 

Sundog WWTP: Haisley Water Tank, Bannon Creek, Prescott Heights, Thumb Butte Tank 
 

Table 4.3  Daily Inflows vs. Precipitation for the Airport WRF 
Technical Memorandum No. 4 – Influent and Effluent Management (1) 
City of Prescott 

Year-Month 
% 

Complete(2) 
Daily Inflow (mgd) Precipitation(3) 

(inches) Low Day Average Day Max Day 

January-04 100% 0.630 0.702 0.775 0.44 

February-04 100% 0.674 0.708 0.821 0.66 

March-04 100% 0.650 0.720 0.801 0.39 

April-04 100% 0.695 0.783 1.040 1.45 

May-04 100% 0.601 0.684 0.750 0.00 

June-04 100% 0.634 0.667 0.707 0.00 

July-04 100% 0.613 0.673 0.745 1.37 

August-04 100% 0.492 0.682 0.723 1.04 

September-04 100% 0.663 0.701 0.819 0.62 

October-04 0% - - - 3.11 

November-04 100% 0.769 0.924 1.333 2.43 

December-04 100% 0.767 0.922 2.058 2.96 

2004 92% 0.492 0.742 2.058 14.44 

January-05 0% - - - 3.90 

February-05 0% - - - 3.54 

March-05 0% - - - 0.92 

April-05 0% - - - 1.23 



 

                                                                                                                                                                                                
  4-5                                                    03/16/2011     In Association with   

Table 4.3  Daily Inflows vs. Precipitation for the Airport WRF 
Technical Memorandum No. 4 – Influent and Effluent Management (1) 
City of Prescott 

Year-Month 
% 

Complete(2) 
Daily Inflow (mgd) Precipitation(3) 

(inches) Low Day Average Day Max Day 

May-05 0% - - - 0.00 

June-05 100% 0.629 0.793 1.084 0.81 

July-05 100% 0.688 0.750 1.014 1.77 

August-05 84% 0.797 0.992 1.472 3.17 

September-05 0% - - - 0.28 

October-05 0% - - - 0.81 

November-05 0% - - - 0.08 

December-05 0% - - - 0.00 

2005 24% 0.629 0.837 1.472 16.50 

Notes: 

(1) Analysis from Wastewater Collection System Model Study (Carollo, January 2008). 

(2) Indicates the percentage of days with data available for the given month. 
(3) Based on daily precipitation records from the following rain gauges: · 

Airport WRF: Granite Basin, Prescott Heights, Watson Lake, Yavapai County Public Works Yard 

Table 4.4 summarizes the results of the I/I analysis on an annual basis for the two 
treatment plants. Approximately 25-28 percent of the annual flows received at the Sundog 
WWTP appear to be I/I, and the I/I contribution to the Airport WRF annual flows is 
approximately 9-13 percent. When comparing I/I at the two treatment plants, it is important 
to note that not only the percentage of I/I flows is higher at the Sundog WWTP, but also the 
magnitude of the I/I flows is significantly larger than I/I at the Airport WRF. In 2005, 
approximately 0.77 mgd was due to I/I at the Sundog WWTP, whereas the I/I contribution at 
Airport was 0.11 mgd. This comparison shows the importance of focusing I/I reduction 
efforts in the Sundog WWTP service area first.  
 
Table 4.4  Summary of Annual Wet/Dry Flows 

Technical Memorandum No. 4 – Influent and Effluent Management (1) 
City of Prescott 

Year 
Sundog WRP Airport WRP 

2004 2005 2004 2005 

Annual Average Flow (mgd) 2.762 2.993 0.742 0.837 

Annual Dry Weather Average Flow (mgd) 1.990 2.230 0.673 0.727 

% Inflow & Infiltration 28% 25% 9% 13% 

% Annual Increase in Dry Flows - 12% - 8% 

Note: 

(1) Analysis from Wastewater Collection System Model Study (Carollo, January 2008). 
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A more detailed analysis was conducted in the collection system study in order to identify 
specific sections of the collection system that may be contributing major amounts of I/I 
flows. It was suspected that much of the I/I occurs along sewer mains laid in stream beds. 
Streams may flow for prolonged periods following precipitation. Based on further evaluation, 
it was confirmed that I/I continued for approximately 2-3 weeks following major precipitation 
events. Although a more comprehensive flow monitoring program would be required to 
develop detailed information regarding the amount of I/I entering each major pipe segment, 
the flow monitoring and model calibration accomplished in the 2008 System Study provides 
some insights in that regard. Because flow monitoring for the 2008 System Study was 
accomplished during a rainy period, the collection system model calibration included some 
I/I estimates for the flow measurement basins. Table 4.5 summarizes the calibration flows 
for the flow monitoring basins. This information provides a good starting point for identifying 
more detailed system rehabilitation priorities relative to reducing I/I within the wastewater 
collection system. 
 

Table 4.5  Calibration Flows for Flow Monitoring Basins 
Technical Memorandum No. 4 – Influent and Effluent Management (1) 
City of Prescott 

 

Estimated 
Dry Weather 

Flow 
Calibration Day 
(August 16(2)) 

Measured Maximum
(Aug 9-30) 

Gallons Gallons 
Percent 

I/I Gallons 
Percent 

I/I 

Sundog WRP Service Area 

Banning Creek 161,000 169,000 5% 235,000 46% 

Copper Basin 234,000 313,000 34% 485,000 107% 

Forest Trails 154,000 198,000 29% 240,000 56% 

Hassayampa(3) 257,000 257,000 - - - 

Gurley 167,000 199,000 19% 215,000 29% 

Prescott Heights 211,000 237,000 12% 274,000 30% 

City Lights 110,000 116,000 5% 151,000 37% 

Robinson 177,000 179,000 1% 227,000 28% 

Sub-North-South(4) 508,000 758,000 49% 764,000 50% 

Prescott Lakes Pkwy 275,000 275,000 0% 325,000 18% 

Sundog Sum 2,254,000 3,175,000 41% 3,865,000 71% 

Airport WRP Service Area 

North Force Main 632,000 924,000 46% 1,777,000 181% 

Pinion Oaks 85,000 90,000 6% 129,000 52% 

Airport Sum 717,000 1,014,000 41% 1,906,000 166% 
Notes: 
(1) Analysis from Wastewater Collection System Model Study (Carollo, January 2008). 
(2)  Calibration day is August 29 for Prescott Lakes Pkwy. Data from multiple days were combined 

for the Hassayampa Basin. 
(3) Blank fields are due to unknown flows in and out of the Hassayampa WRP. 
(4) Represents N-S sewer service area that is not covered by other flow monitoring points. 
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2.3 Flow Equalization at Treatment Facilities 

In the previous section, I/I was discussed and evaluated relative to the wastewater 
collection system, where the primary focus is on locating areas of high I/I and implementing 
system improvements to reduce or eliminate the I/I. At treatment facilities that receive large 
volumes of I/I, the main issue is handling the high peak flows associated with the I/I. 
Because major precipitation events occur in Prescott only a few times each year, it is not 
cost effective for the City to construct and maintain complete treatment facilities that are 
sized for the high peak flows associated with I/I events. 

One potentially cost effective option for handling peak I/I flows is the use of flow 
equalization (EQ) basins at the treatment facilities. Flow equalization is the process of 
controlling flow rate through a wastewater treatment system. The equalization of flow 
prevents short term, high volumes of incoming flow from forcing solids and organic material 
out of the treatment process. Flow equalization also controls the flow through each stage of 
the treatment system, allowing adequate time for the physical, biological and chemical 
processes to take place. EQ can be installed at the plant influent to avoid over sizing major 
unit processes (i.e., primary and secondary treatment, tertiary filtration, disinfection), or the 
EQ facilities can be installed further into the treatment train to address more critical, less 
robust unit processes (e.g., tertiary filtration and disinfection). 

2.3.1 Sundog WWTP Flow Equalization 

The City provided detailed flow records for a storm flow event in January 2010. The analysis 
of the flow records indicated a maximum peak hour factor of 4.8 over the annual average 
day flow (AADF) of 2.6 mgd. Peak flows over 6.5 mgd were reported for approximately 
2.3 days, indicating the strong influence of sustained storm flows on the plant influent flows.  

The analysis revealed some uncertainties regarding the duration and magnitude of the 
storm peak flows during the 2010 event. The maximum limit of the flow meter was 
12.5 mgd. Flows of 12.5 mgd were reported for approximately 10 hours in the first part of 
the storm event. Also, the initial part of the storm peak flow period was not fully captured in 
the influent flow data records, and therefore it was not possible to determine the full 
duration of the maximum influent flows. 

The analysis of flow records for the January 2010 storm event indicated a need for influent 
flow equalization and/or collection system improvements to reduce storm peak flows at the 
plant. The plant influent AADF was 2.6 mgd. Using a design peak hour factor of 2.5 (1989 
design criteria), the corresponding peak hour flow is 6.5 mgd. The storm event resulted in 
peak hour flows of up to 12.5 mgd, which exceeded the peak hour flows expected based on 
a design peak hour factor of 2.5. Therefore, influent flow equalization and/or collection 
system improvements are required in order to avoid sizing future treatment facilities to 
handle storm flows above a design peak hour factor of 2.5 for the Sundog WWTP facilities. 
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Figure 4.1 shows a summary of the quantitative analysis of the influent flows for the 
January 2010 storm event. Based on the available data, the recommended equalization 
volume required is 9 million gallons (MG), which includes a safety factor of 1.2 over the 
calculated volume required of 7.6 MG. The equalization volume required was calculated 
based on storing peak flows above a design peak hour factor of 2.5, or a peak hour flow of 
6.5 mgd for this particular storm flow event. The required equalization volume was 
calculated using the difference between the peak hour flow of 6.5 mgd and the hourly flows 
reported above 6.5 mgd, over the duration of such peak flows. It is important to note that 
the duration of the storm flows was not fully captured in the available data, and therefore 
the recommended volume represents the minimum equalization volume required. The 
safety factor of 1.2 was used to cover the uncertainties in the analysis. 

The proposed strategy for handling storm flows at the Sundog WWTP is to plan influent 
flow equalization facilities for the short and medium term using new tankage for the 
recommended volume of 9 MG. While there is uncertainty regarding the full duration of the 
storm flows during the storm event analyzed, the recommended volume includes a 
reasonable safety factor over the calculated required volume. 

2.3.2 Airport WRF Flow Equalization 

The Airport WRF experienced two recent (2008 and 2010) storm events that have 
prompted the City to further evaluate the need for influent flow equalization at the plant. In 
order to perform this evaluation, hourly plant influent flow data was provided by the City for 
detailed analysis. 

2.3.2.1 January 2008 Storm Event Analysis 

The quantitative analysis of flow records for the January 2008 storm event was 
inconclusive. The maximum flow in the flow charts used during this flow event was 3 mgd. 
Analysis of the January 8, 2008 flow chart records indicated that the plant influent flows 
were higher than 3 mgd for approximately 4 hours. However, it was not possible to 
determine the magnitude of the influent flows during the 4 hours when the influent flows 
exceeded 3 mgd due to the range limitation of the flow charts. The annual average day flow 
(AADF) on January 8, 2008 was 1.04 mgd based on the linear trend of daily flow data 
between January 2006 and April 2009. Therefore, it was concluded that storm flows 
resulted in a flow peaking factor larger than 3, but the magnitude of the storm flow peaking 
factor could not be determined from the flow data available. 
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2.3.2.2 January 2010 Storm Event Analysis 

The analysis of flow records for the January 2010 storm event indicated a maximum peak 
hour factor of 4.5 over the AADF of 1.3 mgd. Peak flows averaging approximately 5.7 mgd 
were reported for approximately 8 hours, eventually dropping below 4 mgd within 3 hours 
following the period of highest flows.  

The analysis revealed some uncertainties regarding the duration of the storm peak flows 
during the 2010 event. The initial part of the storm peak flow period was not captured in the 
influent flow data records, and therefore it was not possible to determine the full duration of 
the maximum influent flows. 

The analysis of flow records for the January 2010 storm event indicated a need for influent 
flow equalization and/or collection system improvements to reduce storm peak flows. The 
plant influent AADF in January 2010 was 1.3 mgd, based on the linear trend of daily flow 
data between January 2006 and April 2009. Using a design peak hour factor of 3.0 (1998 
design), the corresponding peak hour flow is 3.9 mgd. The storm event resulted in peak 
hour flows of up to 5.9 mgd, which exceeded the peak hour flows expected based on a 
design peak hour factor of 3.0. Therefore, influent flow equalization and/or collection system 
improvements are required in order to avoid sizing future treatment facilities to handle storm 
flows above a design peak hour factor of 3.0 for the Airport WRF facilities shows a 
summary of the quantitative analysis of the influent flows for the January 2010 storm event. 
Based on the available data, the recommended equalization volume required is 0.87 MG, 
which includes a safety factor of 1.26 over the calculated volume required of 0.7 MG. The 
equalization volume required was calculated based on storing peak flows above a design 
peak hour factor of 3.0, or a peak hour flow of 3.9 mgd for this particular storm flow event. 
The required equalization volume was calculated using the difference between the peak 
hour flow of 3.9 mgd and the hourly flows reported above 3.9 mgd, over the duration of 
such peak flows. It is important to note that the full duration of the storm flows was not 
captured in the available data, and therefore the recommended 0.87 MG represents the 
minimum equalization volume required. The safety factor of 1.26 was used to cover the 
uncertainties in the analysis. 

The proposed strategy for handling storm flows at the Airport WRF is to plan influent flow 
equalization facilities for the short and medium term using the existing oxidation ditch 
basins. Oxidation Ditch No. 1 can hold 0.875 MG, and oxidation ditch no. 2 can hold 0.697 
MG, for a combined total of 1.573 MG. This total available volume provides a safety factor 
of 2.2 over the equalization volume of 0.7 MG estimated based on the 2010 storm event. 
While there is uncertainty regarding the full duration of the storm flows during the storm 
event analyzed, the resulting safety factor using the total existing oxidation ditch volume 
provides a reasonable safety factor over the calculated required volume. Table 4.6 presents 
a summary of the flow equalization analysis for the Airport WRF. 
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Table 4.6 Airport WRF Influent Flow Equalization Analysis Summary 
Technical Memorandum No. 4 - Influent and Effluent Management 
City of Prescott, Arizona 

Criteria Volume (MG) Safety Factor (1) 

Required Volume   

Calculated Storm Volume (2) 0.697 -- 

Available Volume (3)   

Oxidation Ditch Basin No. 1 0.875 1.26 

Oxidation Ditch Basin No. 2 0.697 1.01 

Total Available Volume 1.572 2.27 
Notes: 
(1) Safety factor calculated as the ratio between the available basin volumes and the calculated 

storm volume. 
(2) Based on hourly plant influent flow data between January 22 and January 25, 2010. 
(3)  Based on the assumption that the existing oxidation ditch basins are retrofitted to serve as flow 

equalization basins. 
 

2.4 I/I Reduction versus Additional Treatment Plant Facilities 

As presented in previous sections, implementation of EQ basins for both the Sundog 
WWTP and Airport WRF is proposed for the short and medium term. Although Prescott’s 
goal is to significantly reduce the amount of I/I entering the collection system, achieving this 
goal will require a comprehensive, prioritized, multi-year pipe and manhole evaluation and 
rehabilitation program. The Phase 1 capacity expansion of the Airport WRF is one of the 
City’s highest priorities. As part of a Phase 1 expansion, initial implementation of EQ at the 
Airport facility would be relatively inexpensive with utilization of the existing oxidation ditch 
basins.  

From the standpoint of operations and potential regulatory impacts on the City, the addition 
of EQ at both treatment facilities is a higher priority in the short term when compared to 
major capital investment that focuses on reducing I/I in the collection system. However, I/I is 
not the only, and likely not the most important driver for collection system rehabilitation. A 
comprehensive collection system evaluation and rehab program should be based on 
condition assessment as the primary component for prioritization. 
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3.0 EFFLUENT MANAGEMENT 

The City of Prescott is located within the Prescott Active Management Area (AMA), 
established under the Arizona Groundwater Code of 1980. The 1980 Groundwater Code, 
administered by the Arizona Department of Water Resources (ADWR), established a water 
management strategy that emphasizes conservation, replacement of existing groundwater 
use with renewable supplies, recharge, and water quality management to help achieve the 
goal of safe yield by 2025. “Safe Yield” is defined by ADWR as a groundwater management 
goal which attempts to achieve and thereafter maintain a long-term balance between the 
annual amount of groundwater withdrawn and the annual amount of natural and artificial 
recharge in the AMA. In support of the safe yield goal and based on the City’s “Water 
Management Policy” (adopted October 2005), the City utilizes 100 percent of the effluent 
from its two treatment plants, including a portion for reuse (golf course irrigation, 
commercial, and other) and the remaining amount for groundwater recharge.  During 2010 
about 67% of the recharge water was from Sundog WWTP and 33% was from Airport 
WRF.  About 72% of the treated effluent was recharged and 28% was used for otherwise. 

3.1 Existing Conditions 

3.1.1 Recharge 

The City of Prescott currently owns and operates a groundwater recharge facility (infiltration 
beds), which is located adjacent to the City’s Airport WRF. The Aquifer Protection Permit 
designates the discharge limit for the recharge facility at 4.4 mgd (annual average). Effluent 
from the Sundog WWTP and the Airport WRF, except for the portion of effluent that is 
reused, is recharged. The City also recharges surface water from Willow and Watson Lakes 
at this facility. 

3.1.2 Reuse 

Prescott has contract commitments for up to 2,240 acre-feet per year (2.0 mgd annual 
average day flow) of effluent to outside customers, including Antelope Hills Golf Course, 
Hassayampa Village, Prescott Lakes Development, and Yavapai Materials. In addition, the 
City is obligated to provide up to 1,500 acre-feet per year (1.34 mgd annual average day 
flow) of effluent credits to the Chino Valley Irrigation District through 2020, and the Yavapai 
Prescott Indian Tribe has a right to effluent produced on their reservation.
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3.2 Water Resources 

3.2.1 Proposition 400 

The City of Prescott Charter was amended in November 2009 to include the provisions of 
Proposition 400. The new provisions include requirements for annexations equal to or 
greater than 250 acres. One of the requirements is that all effluent from these annexations 
has to be permanently recharged. These requirements will have to be accounted for in 
future effluent and water resources planning and management. 

3.2.2 Water Resources Portfolio 

Given the physical/political constraints and the expense of developing new water supplies, 
and the increasing regulatory and water quality challenges, reclaimed water will continue to 
be a vital component of the City’s water resources portfolio. Future decisions regarding 
wastewater treatment (including location, quality, etc.) may be even more heavily impacted 
by the fact that reclaimed water is a water resource, on par with potable water sources. 

3.3 Beneficial Use of Effluent 

3.3.1 Effluent Management Considerations 

As previously noted, the City of Prescott will continue, over the short and long term, to 
reclaim their treated effluent as a key component of the City’s water resources portfolio. 
Comprehensive planning and management will be required in order to maximize the 
physical and accounting (“paper water” credits, etc.) utilization of the effluent. 

Physical utilization of reclaimed water includes the current practices of recharge and reuse 
(golf course irrigation and miscellaneous commercial), and may include new opportunities 
in the future. As effluent volumes increase, recharge facilities will have to be expanded to 
accommodate the additional amount of reclaimed water, along with surface water that is 
recharged. Critical issues that may impact recharge expansion include airport restrictions, 
land availability, and property setback requirements. Less land intensive recharge methods, 
such as wells, may have to be investigated for expansion of recharge capacity. Long term 
availability of reclaimed water and overall water resources management will have to be 
factored in to renewed and new contracts for effluent reuse, along with updated value/price 
considerations for sale of the water resource to outside entities. Another important factor for 
irrigation reuse is the significant seasonal variation in demands. This issue must also be 
considered in negotiating reuse contracts because of the potential impacts and 
requirements for City infrastructure and management for off-season conditions. 
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Administrative management of reclaimed water as a critical component of the City’s water 
resources portfolio will likely dictate most, if not all, of the specific types, quantities, and 
locations of reclaimed water beneficial uses available to the City. Recharge credits are an 
important part of the overall water resources plan. ADWR and ADEQ requirements and 
permitting will control many of the decisions regarding reclaimed water. Local requirements, 
including Proposition 400, will also have direct impact. As previously noted, the Proposition 
requires that all effluent from future annexations (250 acres and larger) be permanently 
recharged and not available for recovery, which means that water will be effectively 
removed from the City’s water portfolio.  

3.3.2 Effluent Planning 

As previously noted, the City’s existing recharge facility is permitted for 4.4 mgd (annual 
average) and the City has contract commitments for approximately 2.0 mgd (annual 
average) of effluent to outside customers. With existing total effluent flows (Sundog WWTP 
and Airport WRF) at approximately 3.7 mgd, the City has available capacity to continue 
reclaiming 100 percent of their effluent in the short term. However, it is important for the 
City to develop a reclaimed water master plan to accommodate future increased effluent 
flows. Two major factors that contribute to the need for the reclaimed plan are: 1) The 
proposed Phase 1 expansion of the Airport WRF to 3.75 mgd will require documentation of 
compatible effluent management facilities; and 2) The reclaimed water master plan will 
have to address issues such as annual water balance, given the potential seasonal 
variations of effluent reuse through outside contracts. Although the City may have contract 
commitments to provide effluent for irrigation, it may be the City’s responsibility to provide 
“backup” effluent disposal for seasonal and/or wet weather conditions. 

The recommended reclaimed water master plan should comprehensively address both 
physical and administrative aspects of effluent management. It should include immediate 
and long term water balance computations; identification and evaluation of options for 
reclaiming effluent; coordination with the City’s water portfolio and overall water resource 
considerations; regulatory and permitting requirements; recommendations for reclaimed 
water facilities and administrative management documents; and a recommended 
implementation plan, including schedules and estimated costs. 
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4.0 CONCLUSIONS AND RECOMMENDATIONS 

Infiltration and inflow in the City’s collection system and wastewater treatment facilities 
requires attention. Several issues relative to effluent management from the City’s treatment 
facilities have been identified. Based on the analysis presented herein, the following 
conclusions and recommendations are presented for the City’s consideration. 

 Significant levels of I/I have been recently observed at the Sundog WWTP and 
Airport WRF. Reduction of I/I is necessary in order to avoid constructing and 
maintaining complete treatment facilities that are sized for the high peak flows 
associated with I/I events. 

 Flow equalization facilities at the treatment plants are recommended for the short 
and medium term. The proposed strategy for handling storm flows at the Sundog 
WWTP is to plan influent flow equalization facilities using new tankage. The 
proposed strategy for the Airport WRF is to plan influent flow equalization facilities 
using the existing oxidation ditch basins. 

 Implementation of a comprehensive pipe and manhole evaluation and rehabilitation 
program is recommended. This program will allow a detailed identification of critical 
collection system components contributing to I/I, and a prioritization of specific 
rehabilitation efforts. Based on the preliminary evaluation presented herein, I/I 
reduction efforts should begin at the Sundog WWTP service area. 

 Development of a reclaimed water master plan to accommodate future increased 
effluent flows is recommended. This reclaimed water master plan should address 
short-term and long-term effluent management issues, ranging from the Airport 
WRF Phase 1 expansion to an investigation of the full range of effluent reclamation 
and disposal alternatives.  
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ES5S TM 5S – SUNDOG WWTP ALTERNATIVE TREATMENT 
 TECHNOLOGIES 
  

ES5S.1 Introduction 

The purpose of TM5S is to identify potential treatment technologies for upgrading and 
expanding the Sundog WWTP, compare those technologies in order to screen the options, 
and perform detailed analyses of the short listed options to identify the preferred treatment 
alternative. 

ES5S.2 Planning Conditions 

Wastewater flow projections for the Sundog WWTP were developed in an effort to estimate 
the timing of the expansions required at the facility. Flow projections were formed around 
both aggressive and conservative growth scenarios to develop a range of possible flow 
increase curves that bracket the required timing for plant capacity expansions.  Existing 
plant capacity was established in TM 3S. 

Figure ES5S.1 and Figure ES5S.2 presents the flow increase curves for the City of Prescott 
Sundog W WTP and the Airport WRF.  The aggressive flow increase scenario (Scenario A) 
is based on actual fast growth period in the City of Prescott, and was developed using 
historical influent flow trends at the Sundog WWTP and Airport WRF between 2006 and 
2009.  The conservative flow increase scenario (Scenario B = 2% annual increase) 
represents a moderate growth scenario, and is based on growth estimates in the several 
planning documents for the City of Prescott. 
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Figure ES5S.1 
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ES5S.3 Phasing 

The build-out annual average day flow (AADF) for the Sundog WRF tributary area is 5.3 
mgd based on the City of Prescott Wastewater Master Plan. For the purposes of this 
technology assessment and site master planning project, the build-out capacity was 
established at 5.4 mgd.  

The capacity for each treatment train of the master planned capacity has been established 
at three treatment trains of 1.8 mgd. This capacity was established based on discussions 
with the City in several workshops, and addresses the City’s need for additional treatment 
capacity beyond the existing plant capacity of 3.0 mgd.  The first phase capacity of 3.6 mgd 
is more cost-effective than a four treatment train alternative and also provides a reasonable 
timeframe before the next capacity expansion is required. 

Figure ES5S.3 shows the expected timing associated with the existing capacity, and with a 
first phase of improvements to achieve a treatment capacity of 3.6 mgd. It is estimated that 
the plant will reach its existing capacity between the years 2014 and 2020. It is also 
estimated that with a Phase 1 capacity of 3.6 mgd, the Sundog WWTP would require the 
next expansion phase to be in service as early as the year 2019 and as late as the year 
2034. 
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Figure ES5S.3 

 
ES5S.4 Alternatives Analysis/Selection 

For the initial evaluation of process alternatives, a full range of twelve treatment options 
were considered for completeness.  While existing process technologies at the plant was 
not a requirement of the master plan, there are significant advantages to the City with 
maintaining a familiar process.  The full range of treatment alternatives were reviewed and 
discussed in project workshops with the City. There was a project team consensus that two 
alternatives should be brought forward for detailed evaluation at both plants: 
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 Alternative 1 – conventional activated sludge with Modified Ludzack-Ettinger 
Process (MLE) for biological nitrification and denitrification 

 Alternative 2 – Membrane Bioreactor (MBR) with MLE for biological nitrification and 
denitrification 

Detailed analyses of the required components and sizes for each technology were 
performed in order to develop costs for both capital improvements and O&M.  The resulting 
cost comparison is summarized in Table ES5S.1 below. 

Table ES5S.1   Alternatives Detailed Cost Comparison (Ultimate) 
Technical Memorandum No. 5S - Sundog WWTP, City of Prescott, Arizona
 Alternative Treatment Technologies 

Cost Type Alternative 1 MLE Alternative 2 MBR 

Total Probable Construction Cost $   75,131,000 $   74,963,000 

Total Probable Present Worth O&M Cost    $   35,614,000 $   44,889,000 

Total Probable Present Worth Cost     $ 110,745,000 $ 119,852,000 

Additionally, a non-economic comparison of alternatives was performed to finalize the 
process selection.  Table ES5S.2 summarizes the results of the non-economic evaluation. 

Table ES5S.2   Non-Economic Factor Comparison 
Technical Memorandum No. 5S - Sundog WWTP, City of Prescott, Arizona
Alternative Treatment Technologies

 Weighting 
Factor 

Alternative 1 – 
Conventional MLE 

Alternative 2 - MBR 

Raw Score Weighed  
Score 

Raw Score Weighed 
Score 

Consistency with Existing 
Plant Process 

x 2 8 16 4 8 

Process Complexity x 3 8 24 4 12 

Reliance on Automation x 2 8 16 4 8 

Effluent Quality x 3 6 18 10 30 

Foot Print x 2 6 12 8 16 

Process Stability x 3 6 18 8 24 

I&C Intensity x 3 8 24 4 12 

Compatibility w/AOP’s x 2 5 10 8 16 

Sustainability Reuse x 3 6  18 8  24 

TOTAL                         156                        150 

Note: 
1.  Comparison of non-economic factors where 10 = best and 1 = worst
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The costs and non-economic factors associated with MLE versus MBR treatment 
alternatives were presented and reviewed with City staff during project workshops.  Based 
on the evaluation results and detailed discussions among project team members, MLE is 
the preferred treatment alternative for future expansions and improvements at the Sundog 
WWTP.  Primary reasons for this recommendation include the following: 

 MLE has a comparable capital cost and lower energy and O&M costs compared 
with MBR. 

 MLE is consistent with the current treatment technology and is less complex than 
MBR. 

 There is currently no water quality requirement for MBR treatment and MLE 
treatment does not preclude future advanced treatment facilities for emerging 
contaminants. 

 MLE retains the ability to meet MBR effluent quality with the addition of advanced 
filtration facilities. 
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1.0 INTRODUCTION 

This Technical Memorandum (TM) is part of the Sundog WWTP and Airport WRF 
Technology and Capacity Master Plan for the City of Prescott.  The purpose of this TM is to 
identify potential treatment technologies for upgrading and expanding the Sundog WWTP, 
compare these technologies to produce a short list of options, and perform detailed analysis 
of the short listed options to identify the preferred treatment alternative for upgrading and 
expanding the plant. 
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2.0 PLANNING CONDITIONS 

2.1 WASTEWATER FLOW INCREASE 

Wastewater flow projections for the Sundog WWTP and Airport WRF were developed in an 
effort to estimate the timing of the expansions required at both facilities. The approach to 
develop the flow projections was to establish aggressive and conservative flow increase 
scenarios in order to develop a range of possible flow increase curves that provide a basis 
for determining the required capacities at each treatment facility.  Existing capacity of the 
Sundog WWTP was established in TM 3S - Sundog WWTP Existing Conditions. 

2.1.1 Scenario A – Aggressive Flow Increase 

An aggressive flow increase scenario (Scenario A) was based on the historical influent flow 
trends at the Sundog WWTP and Airport WRF between 2006 and 2009. This scenario 
captures an actual fast growth period in the City of Prescott, and is considered 
representative of a possible aggressive flow increase scenario for the City’s treatment 
facilities. 

Influent flows to both facilities were added in order to determine the total wastewater flow 
increase in the City of Prescott. The annual percent wastewater flow increase for the City of 
Prescott based on influent flow data was calculated to be 6.1 percent for the period 
between January 2006 and April 2009.  

Due to the different nature of the service areas for the Sundog WWTP and the Airport WRF, 
the percentage of the total flow increase will be different for each plant. The Sundog WWTP 
service area is significantly more developed than the Airport WRF service area. Therefore, 
the rate of flow increase at the Sundog WWTP is expected to be slower than the rate of 
flow increase at the Airport WRF. 
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In order to develop the flow increase curves for each plant, it was assumed that 64 percent 
of the flow increase for the City is sent to the Airport WRF, and 36 percent is sent to the 
Sundog WWTP. Two reference points were used to determine the relative split of the City’s 
flow increase to each of the two treatment facilities.  

 Based on historical flow data between January 2006 and April 2009, 67 percent of 
the flow increase for the City occurred at the Airport WRF, and 33 percent occurred 
at the Sundog WWTP. 

 Buildout flows for the Airport WRF and the Sundog WWTP are 9.6 mgd and 5.4 
mgd, respectively.  At buildout, 64 percent of the wastewater flow is treated at the 
Airport WRF and 36 percent of the flow is treated at the Sundog WWTP. 

Table 5S.1 summarizes the historical flow data used to develop assumptions presented in 
this aggressive flow increase scenario. Figure 5S.1 presents the flow increase curves for 
the City of Prescott, the Sundog WWTP, and the Airport WRF. 

 

Table 5S.1 Historical Flow Increase at City of Prescott Treatment Facilities 
Technical Memorandum No. 5S - Alternatives Evaluation 
City of Prescott, Arizona 

Criteria Airport WRF Sundog WWTP Total 

Influent Flow January 2006, mgd 0.772 (1) 2.470 (1) 3.242 

Influent Flow April 2009, mgd 1.215 (1) 2.691 (1) 3.906 

Annual Flow Increase, % 17.2 2.7 6.1 

Flow increase 2006-2009, mgd 0.443 0.221 0.664 

Fraction of Flow Increase 0.67 0.33 1.00 

Notes: 

1. Based on linear trend of daily average flow data. 

2. Sundog influent flows include discharge flows from the Hassayampa Water Reclamation Plant 
(WRP) to the collection system. Annual average flows from the Hassayampa WRP are 
approximately 12,000 gallons per day of waste activated sludge from the activated sludge 
process (8,000 gpd between November-April, and 16,000 gpd between April-November). 
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FLOW INCREASE CURVES - SCENARIO A (AGGRESSIVE) 
 

FIGURE 5S.1 
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2.1.2 Scenario B – Conservative Flow Increase 

A conservative flow increase scenario (Scenario B) represents a moderate growth scenario. 
An annual flow increase of 2 percent was assumed to develop conservative wastewater flow 
increase curves for the Airport WRF and Sundog WWTP. The assumption is based on growth 
estimates used in the following planning documents for the City of Prescott: 

 2003 Prescott General Plan. Ratified May 18, 2004 

 Yavapai County General Plan, April 2003 

 Arizona Subcounty Population Projections. Arizona Department of Economic Security, 
Research Administration, Population Statistics Unit, 12/01/06 

 Wastewater Collection System Model Study, 2008. 

In order to develop the flow increase curves for each plant, it was assumed that 64 percent of 
the flow increase for the City is sent to the Airport WRF, and 36 percent is sent to the Sundog 
WWTP.  Figure 5S.2 presents the flow increase curves for the Sundog WWTP, and the Airport 
WRF.
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FLOW INCREASE CURVES - SCENARIO B (CONSERVATIVE) 
 

FIGURE 5S.2 
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FLOW INCREASE CURVES – AIRPORT WRF 
 

FIGURE 5S.3 
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2.1.3 Sundog WWTP Phasing 

The buildout annual average day flow (AADF) for the Airport WRF tributary area is 5.4 mgd.  

The capacity for each treatment train of the master planned capacity was established at 1.8 
mgd (three treatment trains total). This approach to phased capacity was established based 
on discussions with the City in several workshops. Improvements to the existing two trains 
will provide the current needed capacity expansion (3.6 mgd) compared to the existing 
capacity of 3.0 mgd.  This phasing approach is more cost-effective than a four treatment 
train alternative and the first phase of construction (3.6 mgd) also provides a reasonable 
timeframe before the next capacity expansion is required. 

Based on the flow increase scenarios presented in Sections 2.1.1 and 2.1.2 above, Figure 
5S.4 shows the expected timing associated with the existing capacity and the first phase of 
3.6 mgd improvements. It is estimated that the plant will reach its existing capacity between 
the years 2014 and 2020. It is also estimated that with a Phase 1 capacity of 3.6 mgd, the 
Sundog WWTP would require the ultimate expansion phase to be in service as early as the 
year 2019 and as late as the year 2034. 
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FLOW INCREASE CURVES – SUNDOG WRF  
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3.0 ALTERNATIVE TREATMENT  TECHNOLOGIES  

For the initial evaluation of process alternatives, a full range of treatment options were 
considered. These process technologies are discussed relative to their potential application 
to both the Sundog WWTP and the Airport WRF.  While common process technologies at 
each plant was not a requirement of the master plan, there are significant advantages to the 
City with common processes.  The full range of treatment alternatives were reviewed and 
discussed in project workshops with the City.  

The following subsections present the full range of treatment technologies considered, 
associated benefits and challenges, and indentifies the preferred alternatives for detailed 
consideration.  

3.1 Conventional Activated Sludge (MLE) 

The Modified Ludzack-Ettinger (MLE) process has an anoxic zone at the head of the 
aeration basin that receives influent wastewater, return activated sludge, and recycled 
mixed liquor suspended solids (MLSS) from the end of the aerobic zone. Nitrates produced 
in the aerobic zone are denitrified in the anoxic zone.  The anoxic zone is followed by an 
aeration zone enabling nitrification and elimination of organic pollutants.  Additionally, MLE 
allows for swing zones that assist with maintaining nitrogen limits as wastewater 
characteristics vary seasonally.  Activated sludge solids are separated in final clarifiers. 

Advantages 

 Consistent with existing plant technology.  

 Proven technology.  

 Simple operation. 

 Lower energy than MBR. 

Disadvantages 

 Requires larger footprint than MBR. 

 Requires tertiary filtration to meet Class A+ (compared to MBR). 

 Increased disinfection requirements compared to MBR. 

Summary 

The conventional activated sludge (MLE) process is recommended for detailed evaluation. 
This process provides proven, reliable nitrogen removal with a stable activated sludge 
process. 
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3.2 Four-stage Biological Nutrient Removal (BNR) 

The four-stage BNR process comprises an MLE process (anoxic/aerobic zones described 
above) followed by a post-anoxic and reaeration zone for further removal of nitrates 
(typically using an external carbon source), and re-aeration to strip any nitrogen gas and 
aerate the MLSS prior to settling. Activated sludge solids are separated in final clarifiers. 

Advantages 

 Potential to achieve lower effluent total inorganic nitrogen (TIN). 

Disadvantages 

 Additional post-anoxic and reaeration/oxic step.  

 Additional nitrogen removal is not needed to meet Class A+ TN limit of 10 mg/L. 

 Slightly higher cost than MLE due to additional baffle walls, mixers, and aeration. 

Summary 

The four-stage BNR process is not recommended for detailed evaluation. There is no 
requirement to achieve additional nitrogen removal beyond the capabilities of an MLE 
process. 

3.3 Extended Aeration Oxidation Ditch 

The extended aeration oxidation ditch process typically occurs in a race-track tank that is 
both mixed and aerated using mechanical rotors.  The racetrack provides volume for both 
aerobic and anoxic conditions to exist, although these are not defined in separate zones or 
tanks.  Therefore some ditches include external upstream tankage for controlled 
denitrification in anoxic tanks.  Activated sludge solids are separated in final clarifiers. 

Advantages 

 Simple operation. 

 Stable operation. 

 Facility does not require blower complex for aeration. 

Disadvantages 

 Long hydraulic retention time (typically greater than 20 hours) requires relatively 
large footprint. 

 Relatively high capital cost for tankage. 

 Relatively higher operating cost for mechanical aeration and since rotors provide 
both mixing and aeration, may limit operations flexibility. 

 Requires external anoxic basin for MLE process, or relies on simultaneous 
nitrification and denitrification for nitrate removal. 
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Summary 

The extended aeration oxidation ditch process is not recommended for detailed evaluation. 
It is anticipated that it would be more costly to construct and operate than conventional MLE 
activated sludge and enhanced stabilization is not required with anaerobic digestion. 

3.4 Step Feed Biological Nitrogen Removal 

The step feed process is typically constructed in a four-pass aeration basin with influent 
equally distributed during dry weather to an anoxic zone and following aeration zone in 
each of the 4 passes.  During wet weather flows, the final pass of the aeration tank receives 
significantly more influent to provide a solids-contact treatment prior to settling and 
discharge.  The process typically produces effluent with higher ammonia concentration than 
the MLE process due to the short retention time of the final pass for treating 25 percent of 
influent flows.  Activated sludge solids are separated in final clarifiers. 
 
Advantages 

 Smaller aeration basin volume relative to conventional plug flow MLE system. 

 No requirement for internal recycle pump. 

 Helps to manage wet weather flows. 

Disadvantages 

 Higher rate process therefore may occasionally struggle to meet total nitrogen alert 
level of 8 mg/L 

 Typically subject to significant surface foam formation. 

 Comparable costs to MLE. 

Summary 

The step feed BNR process is not recommended for detailed evaluation. The process is 
more difficult to control and operate than conventional MLE activated sludge and typically 
bleeds ammonia in the final effluent due to the step feed process, which could represent a 
long-term permit issue (future ammonia limit). 

3.5 Separate Carbonaceous and Nitrifying Activated Sludge Systems 

The two-stage process is typically constructed as a high-rate carbonaceous treatment 
activated sludge system tankage with clarifiers followed by a separate nitrifying activated 
sludge system tankage with anoxic zones using carbon addition for denitrification and final 
clarifiers for activated sludge solids separation. 

Advantages 

 Isolates carbonaceous removal, nitrifying and denitrifying steps to optimize each 
step independently. 
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Disadvantages 

 Requires a greater number of clarifiers therefore more expensive than MLE. 

 Denitrification is typically accomplished with additional of an external carbon source 
further increasing the complexity and operating costs for this option.  

Summary 

The two-stage process is not recommended for detailed evaluation. The process is more 
costly to construct and operate than conventional MLE activated sludge and does not utilize 
available influent carbon for denitrification. 

3.6 Membrane Bioreactor in MLE Configuration 

The membrane bioreactor (MBR) process in MLE configuration operates very similar to a 
conventional MLE process, with the key difference that the final clarification step in the 
conventional MLE process is replaced with membrane filtration. Membrane filtration allows 
the system to operate at much higher mixed liquor suspended solids concentrations 
compared to a conventional process, and therefore reduce the required volume of the 
aeration basins. 

The MLE process has an anoxic zone at the head of the aeration basin that receives plant 
influent and recycled MLSS from the end of the aerobic zone or from the membrane basins.  
Return activated sludge from the membrane basins may be directed to the aerobic zone to 
reduce the impact of DO on the anoxic zone.  Nitrates produced in the aerobic zone are 
denitrified in the anoxic zone.  The anoxic zone is followed by an aeration zone enabling 
nitrification and elimination of organic pollutants.  Final effluent is filtered from the MLSS 
using proprietary polymeric membranes producing a filtered final effluent. 
 
Advantages 

 Small footprint. 

 Stable operation. 

 Performance not dependent on sludge settling characteristics. 

 Very good effluent quality due to use of microfiltration. 

 Does not require final clarifiers or tertiary filters. 

 Allows for some forms of future advanced treatment systems for emerging 
contaminants. 

Disadvantages 

 Relatively high operating cost. 

 Filtration system is sized based on hydraulic capacity of the membrane system.  
Therefore for peak wet weather flows equalization is required. 
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 Membrane replacement is a significant expense that must be annually budgeted 
and accounted for. 

 Instrumentation and control equipment is intensive. 

 Without sufficient equalization storage, the plant is susceptible to overflowing in the 
event of solids overload and plugging of the membrane filtration system. 

 
Summary 

The MBR process is recommended for detailed evaluation. The process provides reliable 
nitrogen removal with stable activated sludge process, and enhances effluent quality with 
membrane filtration. 

3.7 Sequencing Batch Reactors 

Sequencing batch reactors (SBR) employ conventional activated sludge processes that 
operate in “slices of time” in a common tank, rather than in multiple tanks in continuous 
time.  In the continuous inflow variant, influent wastewater flows into the basin continuously 
regardless of sequence in the cycle. In the true batch system influent is not continuous. 
Treatment takes place in three steps:  

Step 1: anoxic period when MLSS is mixed with incoming influent for denitrification of 
nitrates. 

Step 2: aeration period during which air is blown into the basin through a diffusion system.  

Step 3: the aerated MLSS settles leaving a clear supernatant on top of the settled sludge.  

Step 4: The supernatant is decanted to the effluent line.  

The normal cycle time is approximately 4.8 hours with 0.8 hours anoxic, 2 hours of aeration, 
1 hour of settlement, and 1 hour of decanting.  SBR plants generally include a storm cycle 
which is shorter than the normal treatment cycle. 
 
Advantages 

 Does not require separate clarifiers 

 Smaller footprint than conventional activated sludge 
 
Disadvantages 

 Requires influent or effluent equalization ponds based on non-continuous operation. 

 Plant operation is totally dependent on PLC operation 

 Technology traditionally limited to small plant capacities (<1 mgd). 

 Higher capital cost than MLE as existing oxidation ditch cannot be used for aeration. 
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Summary 

The SBR process is not recommended for detailed evaluation. In this process, it is more 
difficult to control unwanted nuisance foaming and bulking organisms compared to a 
conventional MLE activated sludge process, and therefore the SBR process may lead to 
more effluent total suspended solids excursions particularly during high flows. 

3.8 Phased Oxidation Ditch System “BioDenitro™” 

The BIO-DENITRO™ process comprises two identical activated sludge tanks and a settling 
tank. The activated sludge tanks, fitted with aeration and agitation devices, are 
interconnected and operate either as aerobic or anoxic tanks. Treatment is achieved by 
switching feed and discharge between the two tanks, in two phases, A and B: 

 Phase A, the untreated water is introduced into the first tank operating as an anoxic 
tank, from where the nitrates accumulated during the previous phase are removed. 
The mixed liquor passes into the second tank which operates under aerobic 
conditions to enable nitrification and elimination of organic pollutants. 

 Phase B, the water is admitted to the second tank, and the denitrification and 
nitrification phases are inverted compared to phase A. 

Advantages 

 Simple operation. 

 Stable operation. 

 Numerous facilities worldwide employ this technology. 

Disadvantages 

 Large footprint for secondary treatment 

 Difficult to plan for redundant operation 

 Higher capital cost than MLE  
 
Summary 

The phased oxidation ditch process is not recommended for detailed evaluation. This 
process would be more costly to construct and operate than conventional MLE activated 
sludge and is expensive to include redundant capacity. 

3.9 Trickling Filters/Biotowers 

Primary effluent is pumped to a trickling filter or biotower and distributed over the media 
using a hydraulic or mechanical distributor.  The wastewater is oxidized by bacteria that 
grow attached to the fixed media.  Most units include a recycle system to maintain a 
minimum wetting rate for the media.  Some systems include a downstream short residence 
time activated sludge system for coagulation of biological solids.  The solids are settled in 
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final clarifiers before discharge.  The denitirification process also occurs on fixed media and 
typically uses supplemental carbon for denitrification. 
 
Advantages 

 Low operating cost. 

 Attached-growth processes are less susceptible to solids washout. 

 Low solids loading to secondary clarifiers. 
 
Disadvantages 

 Not suitable for biological nitrogen removal (unreliable for complete nitrification 
without biofilm using alkaline solutions). 

 Downstream denitrification requires supplemental carbon addition. 

 Higher capital cost than MLE as existing oxidation ditches cannot be used for 
aeration. 

 
Summary 

Trickling filters or biotowers are not recommended for detailed evaluation. The process is 
estimated to be more costly to construct than conventional MLE activated sludge, and 
depending on the biofilm and snail control requirements may be more expensive to operate. 

3.10 Moving Bed Bioreactors (MBBR) and Denitrification Filters 

Additional treatment could be provided downstream of the existing activated sludge 
process.  A moving bed biological reactor (MBBR) could be installed after the secondary 
clarifiers to completely nitrify residual ammonia followed by subsequent denitrification and 
suspended solids removal in a denitrification filter.  The MBBR process is designed to 
provide a surface on which to grow biomass for nitrification without loading the mass on the 
clarifier as is done in conventional activated sludge processes.  The media is free-floating in 
a basin. Diffused aeration provides both the oxygen requirement for nitrification and the 
mixing requirement to keep media well mixed.  
 
Advantages 

 Small footprint technology.  

 Attached growth process not susceptible to solids washout. 
 
Disadvantages 

 Storage and management of floating media, particularly during basin inspection and 
repair is problematic. 

 Basins require screens to keep media within the tank, the screens require excellent 
influent screening 

 MBBR facilities utilize proprietary media. 
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 Downstream denitrification requires supplemental carbon addition. 

 Higher capital cost than MLE as existing oxidation ditch cannot be used for aeration. 

Summary 

The MBBR process is not recommended for detailed evaluation. The process is estimated 
to be more costly to operate than conventional MLE activated sludge due to the need for 
carbon addition for denitrification.   

3.11 Integrated Fixed Film/Activated Sludge Process (IFAS) 

Additional treatment could be provided within the existing activated sludge process by 
installing floating media within dedicated zones of the installed tankage .  An IFAS system 
will assist in completely nitrifying residual ammonia in smaller tankage and denitrification 
can then be accomplished in larger zones within the existing aeration basins.   
The IFAS process is designed to provide a surface on which to grow biomass for 
nitrification in conjunction with suspended growth biomass.  The media is free-floating in a 
basin. Diffused aeration provides both the oxygen requirement for nitrification and the 
mixing requirement to keep media well mixed. 

Advantages 

 Small footprint technology 

 Lower solids loading to secondary clarifiers. 

 Use of fixed-film biomass reduces chances of loss of biological treatment due to 
storm flow washout or process upset.   

 
Disadvantages 

 Storage and management of floating media, particularly during basin inspection and 
repair is problematic. 

 Basins require screens to keep media within the tank, and the screens require 
excellent influent screening. 

 IFAS facilities utilize proprietary media. 

 Additional aeration requirements are needed to properly maintain the free-floating 
media in suspension 

 
Summary 

The IFAS process is not recommended for detailed evaluation. It is more difficult to 
maintain than conventional MLE activated sludge due to the need for media, screens, as 
well as additional aeration and influent screening requirements.      
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3.12 Biological Aerated Filters – Nitrification and Denitrification 

Multiple vendor market versions of biological aerated and denitrifying filters (BAFs) are 
used for wastewater treatment. BAFs are used for both BOD and TSS removal, as well as 
for nitrification and denitrification.  The technology is proven at both small scale and large 
scale. Two companies (Kruger, owned by Veolia Water, and Infilco Degremont, owned by 
Suez) have supplied the majority of systems currently operating.  Kruger supplies the 
BioStyrTM process. Infilco Degremont supplies the BioForTM process.  

BAFs could be used to nitrify the waste stream from the primary clarifiers. The nitrifying 
BAF effluent could then be denitrified in a denitrifying BAF.  Influent flow is pumped to a 
common channel where flow is hydraulically split to the operating nitrifying BAF.  BAFs are 
individually controlled through automatic gates and valves.  The BAF backwash process 
including air scour is fully automated.  The backwash is directed to the primary clarifiers for 
co-settling with primary solids.  No separate backwash tank is required.  

Advantages 

 Applicable for tertiary nitrification 

 Less proven than denitrification filters for producing low effluent TSS. 

Disadvantages 

 Potential for clogging with large debris 

 Subject to surfactant foaming 

 Proprietary vendor system 

 Higher capital cost than MLE as existing oxidation ditch cannot be used for aeration. 

Summary 

Biological aerated filters are not recommended for detailed evaluation. These filters are 
estimated to be more costly to construct and operate than conventional MLE activated 
sludge. 

3.13 Filtration and Disinfection 

Based on the evaluation and recommendations presented in TM7-Tertiary Filtration 
Evaluation, conventional tertiary filtration is based on converting the existing Sundog 
WWTP travelling bridge filter structures to disc filter technology. 

For disinfection, evaluation of overall treatment train alternatives under this TM is based on 
UV disinfection for consistency with the existing plant technology.  However, when the plant 
is expanded, it is recommended that alternative methods of disinfection be evaluated during 
the preliminary design phase.  As a conservative measure, costs for UV disinfection have 
been used to estimate the future construction dollars required.  Disinfection requirements in 
this TM are based on meeting Class A+ requirements at the Sundog WWTP rather than the 
current Class B+ design. 
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4.0 DESIGN FLOWS AND LOADS  
 
Wastewater flow peaking factors were developed in Technical Memorandum No. 3S, and 
are based on historical wastewater flow data between 2006 and 2009 for the Sundog 
WWTP. Table 5S.2 presents the design wastewater parameters used for the evaluation of 
treatment alternatives in this Technical Memorandum No. 5S.  

 

Table 5S.2 Design Wastewater Flows and Peaking Factors 
Technical Memorandum No. 5S - Sundog WWTP, City of Prescott, Arizona 
Alternative Treatment Technologies 

Flow Criteria 
Hydraulic 

Peaking Factor (1) 
Phase 1 Flow 

(mgd) 
Buildout Flow 

(mgd) 

Annual Average Day Flow 1.0 3.6 5.4 
Maximum Month Average Day 2.0 7.2 10.8 
Peak Day 3.3 11.9 17.8 
Peak Hour 4.5 16.2 24.3 
Note: 
(1) Based on historical data analysis between January 2006 and April 2009. All peaking factors are 

relative to the annual average day flow. 

 
As described in TM3S, the maximum month flows and maximum month influent 
concentrations are not coincident.  Therefore, as indicated in TM3S, the design loads 
presented in Table 5S.3 are calculated for the condition of max month flow at average 
concentration for winter WW temperature and average flow at max month concentration for 
summer WW temperature. 
 

Table 5S.3     Influent Concentration and Loads @ Build-Out Capacity 
Technical Memorandum No. 5S - Sundog WWTP, City of Prescott, Arizona 
Alternative Treatment Technologies 

Parameters Average 
(mg/L) 

92%ile 
Max Month 

(mg/L) 

Summer 
Max Month Load 

(ppd) 

Winter  
Max Month Load  

(ppd) 

BOD5 390 608 27,382 35,128 

TSS 418 676 30,444 37,650 

TKN 39.5 57 2,567 3,558 

NH3-N 31.5 48.8 2,198 2,837 

pH 7.7 7.7 7.7 NA 

Temperature 19.6 23 20 12.4 
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5.0 COMMON SYSTEMS FOR EITHER TECHNOLOGY 

5.1 Screening and Grit Removal  

Both treatment alternatives would include raw wastewater screening and grit removal.  The 
conventional MLE system will require conventional ½ inch screening but the MBR system 
requires 2 mm fine screens to prevent damage to membrane fibers.  For both systems 
vortex grit removal technology is assumed for removal of larger silts and sand. 

5.2 Flow Equalization 

Peak storm flow impacts at the Sundog WWTP are significant based on recent storm event 
data.  An analysis of on-site flow equalization versus sewer rehabilitation was addressed in 
TM 4.  Based on the recommendations presented in TM 4, 9 million gallons of primary 
effluent flow equalization is recommended for Phase 1 of the Sundog WWTP.  Details of 
the proposed flow equalization facility are presented in Tables 5S.4 and 5S.5. 

5.3 Sludge Generation/Treatment 

Solids treatment and processing needs to be included to provide a thorough comparison of 
treatment plant technologies.  For the Sundog WWTP, solids treatment and processing will 
be based on continuing with the existing technologies of gravity belt thickening of waste 
activated sludge, anaerobic digestion of combined sludges, and centrifuge dewatering of 
digested sludge.  

The existing belt filter press dewatering facility has reached the end of its useful life and 
should be replaced with a new solids dewatering building.  For purposes of alternatives 
evaluation, centrifuge dewatering is assumed since this matches the recent technology 
added to the Airport WRF.  However, when the plant is expanded, it is recommended that 
alternative methods of dewatering be evaluated during the preliminary design phase of the 
project. 

For the purposes of this evaluation, the sludge generation rates for the MLE activated 
sludge and MBR activated sludge options have been assumed to be equivalent.  In practise 
the MBR system operates at longer sludge ages and therefore achieve some additional 
aerobic stabilization of waste activated sludge.     

Average and maximum month sludge production values were calculated for Phase 1 and 
the ultimate flows for Sundog WWTP as shown in Tables 5S.6 and 5S.7.  
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Table 5S.4   Primary Effluent Equalization Details 
Technical Memorandum No. 5S - Sundog WWTP, City of Prescott, Arizona 
Alternative Treatment Technologies 

Parameter Value Unit 

Equalization Volume 9.0 MG 

Number of Basins 2 # 

Volume in Each Basin, MG 4.5 MG 

Basin Side Water Depth 20 ft 

Total Basin Area 60,200 ft2 

Basin Type Concrete / Covered 

Basin Cleaning Mechanical mixing and hydrant washdown 

 
 
 

Table 5S.5    Equalization Basin Return Pump Station Design Criteria 
Technical Memorandum No. 5S - Sundog WWTP, City of Prescott, Arizona 
Alternative Treatment Technologies 

Parameter Submersible Pumps Unit 

Maximum Return Rate 2 mgd 

Number of Pumps 2 (N+1) 

Pump capacity (each) 2 mgd 

Motor Control VFD Fixed/VFD 

Motor Size 40 Hp 

Number of Mixing Pumps 2 (N+1) 

Motor Size 15 Hp 
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Table 5S.6    Sludge Production Design Criteria for Phase 1 Flows (3.6 mgd) 
Technical Memorandum No. 5S - Sundog WWTP, City of Prescott, Arizona 
Alternative Treatment Technologies 

Parameter Unit Volatile Solids Total Solids 

Primary Sludge Production Rate 
Average Month 
Maximum Month 

lbs/d  
7,179 
14,357 

 
8,158 
16,315 

Waste Activated Sludge Production Rate 
Average Month 
Maximum Month 

lbs/d  
2,903 
6,870 

 
3,625 
8,482 

Total Solids Production Rate 
Average Month 
Maximum Month 

lbs/d  
10,082 
12,227 

 
11,783 
24,797 

WAS & PS Solids Concentration (after 
thickening) 

%TS  5% 

Total Flow to Digesters 
Average Month 
Maximum Month 

mgd   
0.028 
0.059 

 
 
 

Table 5S.7    Sludge Production Design Criteria for Ultimate Flows (5.4 mgd) 
Technical Memorandum No. 5S - Sundog WWTP, City of Prescott, Arizona 
Alternative Treatment Technologies 

Parameter Unit Volatile Solids Total Solids 

Primary Sludge Production Rate 
Average Month 
Maximum Month 

lbs/d  
10,768 
21,536 

 
12,236 
24,473 

Waste Activated Sludge Production Rate 
Average Month 
Maximum Month 

lbs/d  
4,354 
10,389 

 
5,482 
12,816 

Total Solids Production Rate 
Average Month 
Maximum Month 

lbs/d  
15,122 
31,925 

 
17,718 
37,289 

WAS & PS Solids Concentration (after 
thickening) 

%TS  5% 

Total Flow to Digesters 
Average Month 
Maximum Month 

mgd   
0.041 
0.089 

 
Waste activated and primary volatile solids will be stabilized through anaerobic sludge 
digestion.  In order to ensure compliance with conventional design guidelines for volatile 
solids loading and EPA 503B requirements for Class B sludge, digestion capacity must be 
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increased.  Digested sludge will be dewatered mechanically with centrifuges prior to land 
application.  Design criteria for anaerobic digestion and centrifuge dewatering are 
presented in Tables 5S.8 and 5S.9.  For the build-out maximum month load with one 
digester out of service, the digesters will not achieve EPA 503 Class B requirements.  
Further influent analysis will confirm if this maximum month loading condition is a valid 
scenario, at which point future digester capacity will need to be expanded. 

Table 5S.8   Anaerobic Digester Criteria 
Technical Memorandum No. 5S - Sundog WWTP, City of Prescott, Arizona 
Alternative Treatment Technologies 

Parameter Unit Phase 1 Ultimate 

Number of Digesters # 3 4 

Diameter ft 50 50 

Depth ft 25 25 

Volume per Digester ft3 49,000 49,000 

Typical Volatile Solids Reduction % 45% 45% 

Total Volatile Solids Load - Average lbs/d 10,082 15,122 

Total Volatile Solids Load - Max 
Month 

lbs/d 
21,201 

31,925 

Thickened Sludge Flow - Average mgd 0.028 0.042 

Thickened Sludge Flow - Max Month mgd 0.059 0.089 

Volatile Solids Loading Rate (all in 
operation) 

lbs VSS/ft3/d   

Average Month 0.07 0.08 

Maximum Month 0.14 0.16 

Volatile Solids Loading Rate (1 OOS) lbs VSS/ft3/d   

Average Month 0.10 0.10 

Maximum Month 0.22 0.22 

Hydraulic Retention Time (all in 
operation) 

Days   

Average Month 38.9 34.5 

Maximum Month 18.5 16.4 

Hydraulic Retention Time (one OOS) Days   

Average Month 25.9 25.9 
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Table 5S.9   Digested Sludge Dewatering Criteria 
Technical Memorandum No. 5S - Sundog WWTP, City of Prescott, Arizona 
Alternative Treatment Technologies 

Parameter Unit Phase 1 Ultimate 

Number of Centrifuges (one 
standby) 

# 2 
2 

Operations Schedule days/week 5 5 

Centrifuge Capacity (Maximum) gpm 150 150 

Digested Solids Production Lbs/d   

Average operating week 10,144 15,279 

Maximum operating week 21,343 32,091 

Digested Solids Flow  mgd   

Average operating Day 0.040 0.059 

Maximum operating Month 0.083 0.125 

Digested Sludge Storage for Max 
Month 

Million gallons 0.12 
0.18 

Centrifuge Operation Hrs/day   

Average operating week 4.4 6.6 

Maximum operating week 9.3 13.9 

 



 
Prescott Sundog WWTP and Airport WRF 
Capacity and Technology Master Plan 

Technical Memorandum No. 5S 

 
 

                                                                                  5S-25                                                       03/16/2011 
    In Association with   

6.0 ALTERNATIVE 1 – CONVENTIONAL MLE  

6.1 Primary Treatment  

Primary clarifiers will be installed for removal of settleable solids and particulate BOD5 from 
the raw wastewater stream. Primary clarifiers are designed using surface overflow rates 
(SOR), and tank depths for retention and storage of settled solids.  The maximum SOR for 
peak flow with one unit out of service will be less than 2,000 - 3,000 gpd/ft2.  Primary 
clarifiers have been sized with the assumption that both clarifiers will be available for 
service during the peak day event but only one clarifier needs to be in service for the 
maximum month flow event.   A primary sludge pump station will be provided to convey 
primary sludge solids to anaerobic digesters.  Design criteria for primary clarifiers and a 
primary sludge pump station are presented in Tables 5S.10 and 5S.11. 
 
Table 5S.10    Primary Clarifier Technical Details 

Technical Memorandum No. 5S - Sundog WWTP, City of Prescott, Arizona 
Alternative Treatment Technologies 

Parameter Units All in Service One Out of Service 

Peak Day Flow mgd 17.8  

Maximum Month Flow mgd  10.8 

Number units 2 1 

Maximum Hydraulic Loading :  gpd/ft2 2,313 2,806 

Type  Circular Circular 

Diameter ft 70 70 

Depth ft 12 12 

Cone Slope (1:X) ft:ft 12 12 

Total Operating Volume ft3 99,846 49,923 

Hydraulic Residence Time hrs 1.0 0.8 
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Table 5S.11   Primary Sludge Pump Station Design Criteria 
Technical Memorandum No. 5S - Sundog WWTP, City of Prescott, Arizona 
Alternative Treatment Technologies 

Parameter  Unit 

Pump Type 

Maximum pump rate 

Progressive Cavity 

0.5 

 

mgd 

Number of Pumps 3 (N+1) 

Pump Capacity (each) 0.25 mgd 

Motor Control VFD Fixed/VFD 

Motor Size 20 Hp 

 

6.2 Activated Sludge Process   

Alternative 1 uses a Modified Ludzack Ettinger (MLE) activated sludge process for carbon 
removal, nitrification and denitrification.  The existing oxidation ditch aeration basins will be 
split into two MLE activated sludge trains each and the existing primary clarifiers will be 
converted to 2 anoxic basins.  In addition 1 new aeration basin will be constructed for the 
ultimate 5.4 mgd average annual flow.  Effluent from two new primary clarifiers is split 
equally to one of the four MLE activated sludge basins. Wet weather flow is split to a 
primary effluent equalization system and returned to the aeration basins when influent flows 
subside.  An internal low head, high volume recycle pump returns mixed liquor from the end 
of the aeration basin train to the anoxic zone at the head of the aeration basin for 
denitrification.  Aeration blowers provide air to the activated sludge process through 
diffusers located in the aeration basins.  The aerated MLSS is combined and split equally to 
three (one new) secondary clarifiers in Phase 1.  Ultimately 4 secondary clarifiers will be 
provided.  Settled sludge is recycled to the head of the aeration basin via return activated 
sludge (RAS) pumps.  Surplus activated sludge is wasted to a waste activated sludge 
(WAS) thickening system prior to anaerobic digestion. 
 
Figure 5S.5 shows the basic flow schematic for this process.  Table 5S.12 provides 
activated sludge design criteria for Alternative 1.   



 
 
 
 
 

  

 In Association with 

ALTERNATIVE 1 MLE ACTIVATED SLUDGE AND FILTERS 
PROCESS FLOW DIAGRAM 

 
FIGURE 5S.5 
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Table 5S.12    MLE Activated Sludge Design Criteria 
Technical Memorandum No. 5S - Sundog WWTP 
 Alternative Treatment Technologies 
 City of Prescott, Arizona 

Phasing Phase 1 –            
3.6 mgd 

Build-Out –        
5.4 mgd 

Aeration Basins 
Number 

2 existing basins 
converted to 

4 trains 
(2 trains per basin) 

1 new basin 

 
Total Anoxic Volume, ft3 
 
 
 
 
Total Oxic Volume, ft3 
Sidewater Depth, ft 

 
87,000 

(convert 2 existing 
primary clarifiers to 

anoxic basins) 
 

350,000 
11 

 
43,500 

 
 
 
 

175,000 
18 

Loading Conditions Summer 
MM 

Winter 
MM 

Summer
MM 

Winter 
MM 

Flow 3.6 7.2 5.4 10.8 

All Basins in Service 
MLSS (mg/L) 
Hydraulic residence time (hrs) 
Temperature (C) 

 

3,300 
21.8 
20 

 

4,100 
10.9 
12.4 

 

3,200 
21.2 
20  

 

4,250 
10.6 
12.4 

One Basin Train Out of Service 
MLSS (mg/L) 
Hydraulic residence time (hrs) 
Temperature (C) 

 

3,900 
17.5 
20 

  

3,800 
17.8 
20 

 

Conversion from the existing facility to MLE activated sludge will require blowers for diffuser 
aeration, mixers for the anoxic zones and nitrate recycle pumps for denitrification.  The 
aeration, mixing and pumping requirements will drive electrical demand and energy costs.  
Aeration, mixing, and recycle pumping requirements for Alternative 1 are provided in Table 
5S.13.  Anoxic zone mixer sizing, as shown in Table 5S.13 is based on providing 0.25 
horsepower per 1000 cubic feet (hp/1000 ft3).   
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Table 5S.13    Activated Sludge Equipment Design Criteria 
Technical Memorandum No. 5S - Sundog WWTP 
 Alternative Treatment Technologies 
  City of Prescott, Arizona 

Anoxic Zone Mixing 

Existing Primary Clarifiers 2 

Converted to Anoxic Basins, number  

Total number of anoxic zones 6 

Number of mixers per anoxic zone 1 

Mixer hp 10 

MIxing intensity (Hp/1,000 ft3) 0.23 

New Anoxic Basins, number 2  

Total number of anoxic zones 6 

Mixer hp 10 

MIxing intensity (Hp/1,000 ft3) 0.25 

Diffused Aeration  

Existing Oxidation Ditches Converted 2 

To Aeration Basins, number  

Type of Diffusers Fine Bubble 

Sidewater Depth,ft 11 

Diffuser Depth, ft 10 

New Aeration Basins, number 2 

Type of Diffusers  

Sidewater Depth,ft 18 

Diffuser Depth, ft 17 

Process Aeration Blowers  

Type of blowers Multi-stage centrifugal 

Maximum month air flow, scfm 11,400 

Number/capacity existing blowers 4 (one Stand-by) @ 3,800 scfm 

Number/capacity new blowers 3 @ 3,800 scfm 

Mixed Liquor Recycle Pumps  

Existing Oxidation Ditches Converted  

To Aeration Basins  

Number mixed liquor recycle pumps 4 

Pump capacity, gpm 2,500 

New Aeration Basins  

Number mixed liquor recycle pumps 2 

Pump capacity, gpm 2,500 
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6.3 Secondary Clarifiers and Sludge Pumping   

For the MLE activated sludge process, the two existing secondary clarifiers will be reused 
and one new secondary clarifier will be constructed for the Phase I capacity and an 
additional new clarifier for the ultimate capacity.  For the new enhanced WWTP, the design 
SVI selected was 130 mL/g.  This SVI is readily achievable with anoxic selectors and 
occasional use of chemicals (poly aluminium chloride and NaOCl for bulking filament 
control). The solids loading rates at the maximum month condition with one clarifier out of 
service are not sustainable.  All clarifiers must remain in service during maximum month 
flow periods.  Secondary clarifier sizing required for Alternative 1 is provided in Table 
5S.14.  The critical design condition is during the ultimate maximum month conditions with 
one clarifier out of service. 
  

Table 5S.14  Secondary Clarifiers Design Criteria 
Technical Memorandum No. 5S - Sundog WWTP, City of Prescott, Arizona
Alternative Treatment Technologies 

Clarifiers in Service Phase 1 –        
3.6 mgd 

Build-Out –         
5.4 mgd 

Number  3 4 

Diameter, ft 80 80 

Sidewater depth 15 15 

Bottom slope 1:12 1:12 

Sludge Collectors  Spiral, full radius scum skimmer 

Motor hp 2 2 

Maximum Design MLSS 4,100 4,250 
All Clarifiers   

Overflow rate Summer Winter Summer Winter 

Overflow rate (gpd/ft2) 239 477 269 537 

Solids loading rate, at RAS = 60% of Influent     

Solids Loading Rate (lb/day/ft2) 13.1 26.1 15.2 30.5 

One Clarifier OOS, all aeration basins in 
Service 

    

Overflow rate Summer Winter Summer Winter 

Overflow rate (gpd/ft2) 358 716 358 716 

Solids loading rate, at RAS = 60% of AAD     

Solids Loading Rate (lb/day/ft2) 19.6 39.2 20.3 40.6 

 
The secondary clarifiers will require additional RAS/WAS pumping capacity.  The firm 
pumping capacity of the RAS pump station will be 100% of the maximum month flow. The 
pumping rate will vary based on the influent flow rate and process conditions.  The WAS 
pumping capacity is based on the ability to pump the required WAS flow for the maximum 
month conditions during a 12-hour period each day.  Table 5S.15 provides a summary of 
the RAS/WAS pump station capacity.  
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Table 5S.15   RAS/WAS Pumps Design Criteria 
Technical Memorandum No. 5S - Sundog WWTP, City of Prescott, Arizona 
Alternative Treatment Technologies 

Parameter Unit RAS System WAS System 

Number of Pumps # 4 2 

Pump Capacity (each) mgd 2.5 0.2 

Pump Head  ft 20 30 

Motor Control Fixed/VFD VFD VFD 

Motor Size Hp 30 10 

6.4 Tertiary Filtration 

As identified in TM7, the existing travelling bridge filters at the Sundog WWTP have experienced 
failures in the porous plates.  Replacement of the filters as soon as possible was recommended.  
Disk filters were selected as the preferred alternative based on the evaluation conducted in TM7.  
The recommended design criteria for the new disk filters is shown in Table 5S.16. 
 

Table 5S.16    Tertiary Filters Design Criteria 
Technical Memorandum No. 5S - Sundog WWTP, City of Prescott, Arizona 
Alternative Treatment Technologies 

Clarifiers in Service Phase 1 – 3.6 mgd Build-Out –        
5.4 mgd 

Number of Units 3 (2+1) 4 (3+1) 

Unit Design 
Number of disks per unit 
Filtration area per disk 
Surface Area per Unit 

 
11 
53.8 
591.8 

 
11 
53.8 
591.8 

MM Hydraulic Loading Rate all in service (gpm/ft2) 2.8 3.2 

MM Hydraulic Loading Rate one out of service 
(gpm/ft2) 

4.3 4.3 

6.5 Disinfection 

For purposes of this evaluation, disinfection is assumed to be achieved by use of UV as is 
currently the practice at the Sundog WWTP.  The existing system will require expansion 
and improvements beyond what is currently installed in order to achieve Arizona Class A+ 
water quality.  The system is assumed to be an open-channel configuration utilizing the 
existing chlorine contact basin.  The system design for Phase I and Ultimate are presented 
in Table 5S.17. 
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Table 5S.17 UV Disinfection Design Criteria 
                     Technical Memorandum No. 5S - Sundog WWTP, City of Prescott, Arizona
                     Alternative Treatment Technologies 

Criteria                                                              Phase 1 – 3.6 mgd       Ultimate – 5.4 mgd 

Type                                                                           LPHO                           LPHO 
Number of Channels                                                      2                                   2 
Banks per Channel                                                         3                                   4  
Modules per Bank                                                         14                                 16 
Lamps per Module                                                         8                                   8 
Total Lamps                                                                 672                              1024 
Capacity per Channel, mgd                                          7.2                               10.8 

6.6 Alternative 1 Site Layout 

A preliminary site layout for Alternative 1 is shown on Figure 5S.6. 
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7.0 ALTERNATIVE 2 – MEMBRANE BIOREACTOR (MBR) 

7.1 Primary Treatment  

Primary clarifiers are required for removal of settleable solids and particulate BOD5 from the 
raw wastewater stream. For this alternative, the existing Sundog WWTP secondary 
clarifiers are no longer needed as the MBR system provides biological solids separation. 
Therefore the existing secondary clarifiers will be converted to primary clarifiers.  Primary 
clarifiers are designed using surface overflow rates (SOR), and tank depths for retention 
and storage of settled solids.  The maximum SOR for peak flow with one unit out of service 
will be less than 2,000 -3,000 gpd/ft2.  The converted primary clarifiers are assumed to both 
be available for service during the peak day event but only one clarifier needs to be in 
service for the maximum month flow event.   Primary clarifier design criteria for Alternative 2 
is presented in Table 5S.18. 
 
Table 5S.18   Primary Clarifier Technical Details 

Technical Memorandum No. 5S - Sundog WWTP, City of Prescott, Arizona
Alternative Treatment Technologies 

Parameter Units All in Service One Out of Service 

Peak Day Flow mgd 17.8  

Maximum Month Flow mgd  10.8 

Number units 2 1 

Maximum Hydraulic Loading :  gpd/ft2 1,771 2,149 

Type  Circular Circular 

Diameter ft 80 80 

Depth ft 12 12 

Cone Slope (1:X) ft:ft 12 12 

Total Operating Volume ft3 131,807 65,904 

Hydraulic Residence Time hrs 1.3 1.1 
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Table 5S.19    Primary Sludge Pump Station Design Criteria 
Technical Memorandum No. 5S - Sundog WWTP, City of Prescott, Arizona
Alternative Treatment Technologies 

Parameter Progressive Cavity 
Pumps 

Unit 

Maximum pump rate 0.5 mgd 

Number of Pumps 3 (N+1) 

Pump Capacity (each) 0.25 mgd 

Motor Control VFD Fixed/VFD 

Motor Size 20 Hp 

7.2 MBR Activated Sludge Process   

Alternative 2 also uses a Modified Ludzack Ettinger (MLE) activated sludge process 
configuration for carbon removal, nitrification and denitrification.  Primary sludge from the 
new primary clarifiers is pumped to the digesters for stabilization.  The existing oxidation 
ditch aeration basins will be split into two MLE activated sludge trains each and the old 
primary clarifiers will be converted to 2 anoxic basins.  Effluent from the new primary 
clarifiers is split equally to the MLE activated sludge basins. Wet weather flow is split to a 
primary effluent equalization system and returned when influent flows abate.  An internal 
low head, high volume recycle pump returns mixed liquor from the end of the aeration basin 
train to the anoxic zone at the head of the aeration basin for denitrification.  Aeration 
blowers provide air to the activated sludge through diffusers located in the aeration basins.  
The aerated MLSS is combined and split equally to three combined membrane filtration 
tanks in Phase 1.  Ultimately 4 membrane filtration systems will be constructed.  
Concentrated sludge from the membrane filtration tanks is recycled to the head of the 
aeration basin via return activated sludge (RAS) pumps.  Surplus activated sludge is 
wasted from the aeration basin to a waste activated sludge (WAS) thickening system prior 
to digestion. 
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Denitrification of the influent nitrogen that is oxidized occurs in the anoxic zone.  Each 
aeration basin comprising two aeration trains will be connected to one converted primary 
clarifier that operates as an anoxic zone.  This configuration facilitates redundancy and 
reliability when an aeration basin train is removed from service for diffuser replacement and 
repair.  Nitrification is achieved in the oxic zone.  Table 5S.20 indicates required process 
sizing. 
 

Table 5S.20   MBR Activated Sludge Design Criteria 
 Technical Memorandum No. 5S - Sundog WWTP, City of Prescott, Arizona

                       Alternative Treatment Technologies 

Phasing Phase 1 –          
3.6 mgd 

Build-Out –        
5.4 mgd  

Number of Basins 2 basins converted 
2 trains per basin 

2 basins converted, 
2 trains per basin 

Converted Ditch Side Water Depth (ft) 11 11 

Converted Primary Clarifier to Anoxic Basin  
   Volume (ft) 

43,500 43,500 

Converted Ditch Volume (ft3) 175,000 175,000 

Converted Basin Volume (ft3) 218,500 218,500 

Individual Train Aeration Volume (ft3) 87,000 87,000 

Total Converted Basin Volume (ft3) 437,000 437,000 

New Basin Side Water Depth (ft) 16 16 

Loading Condition Summer
MM 

Winter 
MM 

Summer
MM 

Winter 
MM 

Flow 3.6 7.2 5.4 10.8 

All basins in Service 
MLSS (mg/L) 
Hydraulic residence time (hrs) 
Temperature (C) 

 
3,300 
21.8 
20 

 
4,100 
10.9 
12.4 

 
4,950 
14.5 
20 

 
6,150 
5.45 
12.4 

One aeration train Out of Service 
MLSS (mg/L) 
Hydraulic residence time (hrs) 
Temperature (C)  

 
3,900 
17.5 
20 

 
5,310 
8.73 
12.4 

 
5,850 
11.63 

20 

 
7,965 
5.82 
12.4 

 

Microfiltration membranes will be used for simultaneous solids-liquid separation of the 
mixed liquor and filtration.  Each membrane basin is sized to contain six 48-element 
membrane cassettes plus space to add two additional cassettes.  Aeration of the 
membrane basins is required for scouring of the membranes. Each basin will also have a 
dedicated permeate pump.  Mixed liquor enters the membrane basins via a common 
influent channel.  At the opposite end of the each basin, the concentrated mixed liquor will 
flow over a weir to equalize the flow between the basins.  Once collected in a common 
return channel, the mixed liquor will pass over an additional set of weirs to split the flow 
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evenly to the four oxic zones of the secondary treatment basins.  Draining of the membrane 
basins of mixed liquor for the purposes of chemical cleaning or maintenance within the 
membrane basins will be performed by drain pumps.   

Identical to Alternative 1, conversion from the existing facility to MBR activated sludge will 
require blowers for diffuser aeration and mixers for the converted anoxic zones. Aeration 
requirements for Alternative 2 are provided in Table 5S.21.  The aeration requirements are 
conservative as no credit has been taken for the oxygen that is dissolved into the MLSS in 
the membrane basins.  The aeration requirements for the activated sludge system will be 
reduced during detailed design as a result of this aeration step.  In zones that are not 
aerated, mechanical mixers are required for intimate contact between food and biomass in 
the cells.  Mixer sizing is based on providing 0.25 horsepower per 1000 cubic feet (hp/1000 
ft3).   
 
Flow at the end of each oxic zone will be recycled into the beginning of the anoxic zone by 
way of submersible mixed liquor recycle propeller pumps.  The nominal rate of recycle is 4 
times the ultimate MM flow or 10 mgd per basin train.  Additionally, mixed liquor will be 
removed from the oxic zones and directed to the membrane basins via recirculation pumps.  
A majority of this pumped flow will return from the membranes to the beginning of the oxic 
zones by gravity flow.  The pumps will be sized to continuously recirculate 4 times the peak 
membrane permeate flow or 10 mgd per membrane basin train.   
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Table 5S.21    MBR Membrane Basins Design Criteria 
Technical Memorandum No. 5S - Sundog WWTP, City of Prescott, Arizona
Alternative Treatment Technologies  

 Phase 1 - 3.6 mgd Ultimate - 5.4 mgd 

Number 6 8 

Basin length, ea, ft 57.5 57.5 

Basin width, ea, ft 10 10 

Avg side water depth, ft 9.67 9.67 

Total membrane volume, cf 54,617 54,617 

Membrane cassettes per basin 6 6 

Cassette Expansion Slots available 2 2 

Membrane modules per cassette 48 48 

Membrane area per module, sf  340 340 

Installed Membrane area per basin, sf 97920 97920 

Flux with 1 Train OOS   

Average Annual 7.4 7.9 

Maximum Month 14.7 15.8 
Peak Day 24.3 26.0 

Flux all Trains Available 
Average Annual 6.1 6.9 

Maximum Month 12.3 13.8 

Peak Day 20.3 22.7 

Scour Aeration Equipment  
Air requirements, scfm 10,260 13,680 

Scour Blowers   

Number 2 + 1 standby 3 + 1 standby 

Type  Multi-stage Centrifugal 

Rated capacity, scfm 5,700 5,700 

Motor horsepower, ea 250 250 

Permeate Pumps   

Type End suction centrifugal 

Number per basin 1 

Total Number 6 

Capacity, ea. gpm 1,860 

Motor horsepower, ea 100 

Drain Pumps  

Type Non-clog centrifugal 

Number 1 +1 

Capacity, ea. gpm 680 

Motor horsepower, ea 10 
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Table 5S.22   MBR Aeration, Pumping and Mixing Equipment Design Criteria 
Technical Memorandum No. 5S - Sundog WWTP, City of Prescott, Arizona 
Alternative Treatment Technologies 

Existing Oxidation Ditch Converted to Fine Bubble Aeration 

Type of Diffusers Fine Bubble 

Sidewater Depth, ft 11 

Diffuser Depth, ft 10 

Process Airflow at Maximum Month, air temperature = 110F, one 
train out of service, scfm 

10,940  

Blower Hp at 65% efficiency 375 

Blower Hp each 125 

Number of Blowers 4 (3+1) 

Blower Discharge Pressure, ft 14 

Mixed Liquor Recycle Pumps  

Mixed Liquor Recycle Pumps per basin 2 

Mixed Liquor Recycle Pump capacity per basin train, mgd 10 

Mixed Liquor Recycle Pump power, Hp 25 

Converted Anoxic Zone: Number of Mixers per zone 1 

Converted Anoxic Zone Mixer energy each (Hp) 10 

Converted Anoxic Zone Mixing Intensity (Hp/1,000 ft3) 0.23 

Recirculation Pumps  

Type Vertical propeller 

Number per oxic zone 1  

Total number 4 

Capacity each, mgd 10 

Motor horsepower, Hp 25 

Motor drive Adjustable frequency 

Sludge Wasting Pumps  

Type Non-clog centrifugal 

Number per basin train 1 

Capacity each, gpm 275 

Motor horsepower, Hp 20 

Motor drive Adjustable frequency 

7.3 MBR Site Layout  

A preliminary site layout is shown on Figure 5S.8.
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8.0 COST COMPARISON 

Table 5S.23 presents a summary of the present worth cost comparison of alternatives for 
the Sundog WWTP at ultimate (5.4 mgd) conditions.  Details for both capital and O&M 
costs are provided in the appendix at the end of this TM. 
 

Table 5S.23    Alternatives Detailed Cost Comparison (Ultimate) 
Technical Memorandum No. 5S - Sundog WWTP, City of Prescott, Arizona 
Alternative Treatment Technologies 

 
Cost Type 

Alternative 1 
 MLE 

Alternative 2 
MBR 

Total Probable Construction Cost $   75,131,000 $   74,963,000 

Total Probable Present Worth O&M Cost    $   35,614,000 $   44,889,000 

Total Probable Present Worth Cost     $ 110,745,000 $ 119,852,000 



 
Prescott Sundog WWTP and Airport WRF 
Capacity and Technology Master Plan 

Technical Memorandum No. 5S 

 
 

                                                                                  5S-43                                                       03/16/2011
  

    In Association with   

9.0 NON-ECONOMIC EVALUATION 

The technology screening process also considered non-economic factors. These factors 
are subjective but may have a significant impact on the applicability of a technology.  The 
non-economic factors identified for the process selection were consistency with existing 
plant process, process complexity, reliance on automation, effluent quality, foot print and 
process stability.  Table 5S.24 shows a relative comparison of the treatment technologies 
with a score basis of 1 through 10 (higher value corresponding to more desirable).  A 
multiplier was also applied to each of the non-economic factors to properly weigh those 
factors most important to the City.  The treatment technology with the highest overall total 
score is the most attractive process based on a comparison of these non-economic factors. 

 

Table 5S.24   Non-Economic Factor Comparison 
Technical Memorandum No. 5S - Sundog WWTP, City of Prescott, Arizona 
Alternative Treatment Technologies  

 Weighting 
Factor 

Alternative 1 - 
Conventional MLE 

Alternative 2 - MBR 

Raw Score Weighed 
Score 

Raw Score Weighed 
Score 

Consistency with Existing 
Plant Process 

x 2 8 16 4 8 

Process Complexity x 3 8 24 4 12 

Reliance on Automation x 2 8 16 4 8 

Effluent Quality x 3 6 18 10 30 

Foot Print x 2 6 12 8 16 

Process Stability x 3 6 18 8 24 

I&C Intensity x 3 8 24 4 12 

Compatibility w/AOP’s x 2 5 10 8 16 

Sustainability Reuse x 3 6 18 8 24 

TOTAL  156 150 

Note: 
(1) Comparison of non-economic factors where 10 = best and 1 = worst 
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10.0 LIQUID SECONDARY TREATMENT 
 RECOMMENDATION 

The costs and non-economic factors associated with MLE versus MBR treatment 
alternatives were presented and reviewed with City staff during project workshops.  Based 
on the evaluation results and detailed discussions among project team members, MLE is 
the preferred treatment alternative for future expansions and improvements at the Sundog 
WWTP.  Primary reasons for this recommendation include the following: 

 MLE has a comparable capital cost and lower energy and O&M costs compared 
with MBR. 

 MLE is consistent with the current treatment technology and is less complex with 
MBR. 

 There is currently no water quality requirement for MBR treatment and MLE 
treatment does not preclude future advanced treatment facilities for emerging 
contaminants. 

 MLE retains the ability to meet MBR effluent quality with the addition of advanced 
filtration facilities. 
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ES5A TM 5A – AIRPORT WRF ALTERNATIVE TREATMENT 
TECHNOLOGIES 

  
ES5A.1 Introduction 

The purpose of this technical memorandum is to develop and evaluate treatment 
technology alternatives for the Airport WRF. The alternatives evaluation is based on a two-
step approach. First, an initial screening of alternatives is carried out in order to identify the 
alternatives that are carried forward for detailed evaluation. Second, a detailed evaluation is 
performed based on a comparison of life-cycle costs and other non-economic factors. Site 
layouts and the costs associated with each treatment alternative for the projected Phase 1 
and buildout conditions are presented for the Airport WRF.  

ES5A.2 Planning Conditions 

Wastewater flow projections for the Airport WRF were developed in an effort to estimate the 
timing of the expansions required at the facility. The approach to develop the flow 
projections was to establish aggressive and conservative flow increase scenarios in order 
to develop a range of possible flow increase curves that bracket the required timing for 
plant capacity expansions.  Existing plant capacity was established in TM 3A.  

Figure ES5A.1 and Figure ES5A.2 present the flow increase curves for the City of Prescott, 
the Sundog WWTP, and the Airport WRF. The aggressive flow increase scenario (Scenario 
A) is based on actual fast growth period in the City of Prescott, and was developed using 
historical influent flow trends at the Sundog WWTP and Airport WRF between 2006 and 
2009. The conservative flow increase scenario (Scenario B) represents a conservative 
growth scenario, and is based on growth estimates in the several planning documents for 
the City of Prescott. 
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The buildout annual average day flow (AADF) for the Airport WRF tributary area is 9.5 mgd 
(City of Prescott Wastewater Master Plan). For the purposes of this technology assessment 
and site master planning project, the buildout capacity was established at 9.6 mgd.  

The capacity for each phase of the master planned capacity was established at 3.2 mgd 
(three treatment trains total). This capacity was established based on discussions with the 
City in several workshops, and it addresses the City’s need of having additional treatment 
capacity beyond the permitted capacity of the existing plant (2.2 mgd). This Phase 1 
capacity is more cost-effective than a four treatment train alternative, and it also provides a 
reasonable timeframe before the next capacity expansion is required. 

Based on the flow increase scenarios presented above, Figure ES5A.3 shows the expected 
timing associated with a first phase of 3.2 mgd. It is estimated that with a Phase 1 capacity 
of 3.2 mgd, the Airport WRF would require the next expansion phase to be in service as 
early as the Year 2018 and as late as the Year 2028. 

ES5A.3 Alternative Treatment Technologies Screening 

For the initial evaluation of process alternatives, a full range of twelve treatment options 
were considered for completeness. While common process technologies at each plant were 
not a requirement of the master plan, there are significant advantages to the City with 
common or compatible processes. The full range of treatment alternatives were reviewed 
and discussed in project workshops with the City. There was a project team consensus that 
two alternatives should be brought forward for detailed evaluation: 

 Alternative 1 – conventional activated sludge with Modified Ludzack-Ettinger Process 
(MLE) for biological nitrification and denitrification 

 Alternative 2 – Membrane Bioreactor (MBR) with MLE for biological nitrification and 
denitrification 

ES5A.4 Alternative 1 – Conventional MLE 

Figure ES5A.4 presents the preliminary site plan for the conventional treatment alternative. 
The layout is based on the conservative assumption that no waivers are obtained from 
adjacent property owners. Therefore, all odor-producing facilities are shown outside the 
350-feet internal setback from the property boundary.  
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ES5A.5 Membrane Treatment Alternative 

Figure 5A.5 presents the preliminary site plan for the membrane treatment alternative. The 
layout is based on the conservative assumption that no waivers are obtained from adjacent 
property owners. Therefore, all odor-producing facilities are shown outside the 350-feet 
internal setback from the property boundary.  

ES5A.6 Alternatives Comparison 

An economic comparison of the two treatment alternatives for buildout conditions is 
presented in Table ES5A.1.  

Table ES5A.1 Treatment Alternatives Economic Comparison for Buildout (9.6 mgd) 
Technical Memorandum No. 5A - Alternatives Evaluation 
City of Prescott, Arizona 

Criteria 

Conventional (MLE) 
Treatment 
Alternative 

Membrane (MBR) 
Treatment 
Alternative 

Estimated Construction Cost $121,864,000 $124,512,000 

Annual Operations and Maintenance Costs $3,631,000 $4,860,000 

Total Life-Cycle Cost (1) $171,744,000 $191,282,000 
Note: 
(1) As present value, assuming life-cycle period of 20 years, interest rate of 6 percent, and 

escalation rate of 2 percent. 

The technology evaluation process also considered non-economic factors. Table ES5A.2 
shows a relative comparison of the treatment technologies. 
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Table ES5A.2 Treatment Alternatives Non-Economic Comparison 
Technical Memorandum No. 5A - Alternatives Evaluation 
City of Prescott, Arizona 

Criteria 
Weighing 

Factor 

Alternative 1 – 
Conventional MLE 

Alternative 2 –  
MBR 

Raw 
Score 

Weighted 
Score 

Raw 
Score 

Weighted 
Score 

Consistency with Existing 
Plant Process 

x 2 8 16 4 8 

Process Complexity x 3 8 24 4 12 

Reliance on Automation x 2 8 16 4 8 

Effluent Quality x 3 6 18 10 30 

Foot Print x 2 6 12 8 16 

Process Stability x 3 6 18 8 24 

Instrumentation and Controls 
Intensity 

x 3 8 24 4 12 

Compatibility with Advanced 
Treatment Processes 

x 2 5 10 8 16 

Sustainability and Reuse x 3 6 18 8 24 

TOTAL OVERALL SCORE - - 156 - 150 
Note: 
(1) Comparison of non-economic factors where 1 
0 = best and 1 = worst 

ES5A.7 Liquid Secondary Treatment Recommendation 

The economic evaluation presented herein shows that the capital costs of the conventional 
(MLE) process and the MBR process alternatives are practically the same given the 
accuracy of the cost estimates prepared for this effort. However, the conventional (MLE) 
process alternative has the lowest total life cycle costs, including operation and 
maintenance costs. The conventional (MLE) process also has a significantly lower Phase 1 
capital cost compared to the MBR process alternative. 

The non-economic evaluation presented in Section ES5A.6 shows that the conventional 
(MLE) process alternative had a higher score (better) than the MBR process alternative 
when considering non-economic factors. 

Based on the results of the economic and non-economic evaluation, and discussions with 
City staff on project workshops, the recommended liquid secondary treatment technology 
for the Airport WRF is the conventional (MLE) activated sludge process. 
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The recommended process is compatible with advanced treatment processes with the 
addition of process units downstream of the MLE treatment process, such as membrane 
filtration and advanced oxidation processes. This flexibility allows the City to pursue 
advanced treatment in the future, depending on future requirements and regulations. 
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1.0 INTRODUCTION 

This technical memorandum is part of the Master Planning, Design, and Local Limits project 
for the City of Prescott Airport Water Reclamation Facility (WRF) and Sundog Wastewater 
Treatment Plant (WWTP). This Technical Memorandum (TM) No. 5A addresses Task 
Group 500 Liquid Treatment Alternatives Evaluations, with the exception of Task 502 I/I 
Reduction Cost-Effectiveness Study, which is addressed in a separate document.  

The purpose of this technical memorandum is to develop and evaluate treatment 
technology alternatives for the Airport WRF. The alternatives evaluation is based on a two-
step approach. First, an initial screening of alternatives is carried out in order to identify the 
alternatives that are carried forward for detailed evaluation. Second, a detailed evaluation is 
performed based on a comparison of life cycle costs and other non-economic factors. Site 
layouts and the costs associated with each treatment alternative for the projected Phase 1 
and buildout conditions are presented for the Airport WRF.  
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2.0 PLANNING CONDITIONS 

2.1 Wastewater Flow Increase 

Wastewater flow projections for the Sundog WWTP and Airport WRF were developed in an 
effort to estimate the timing of the expansions required at both facilities. The approach to 
develop the flow projections was to establish aggressive and conservative flow increase 
scenarios in order to develop a range of possible flow increase curves that provide a basis 
for determining the required capacities at each treatment facility. Existing plant capacities 
have been set by the increase in wastewater strength as referenced in TM No. 3A – Airport 
WRF Existing Conditions and TM No. 3S – Sundog WWTP Existing Conditions. 

2.1.1 Scenario A – Aggressive Flow Increase 

The aggressive flow increase scenario (Scenario A) was based on the historical influent 
flow trends at the Sundog WWTP and Airport WRF between 2006 and 2009. This scenario 
captures an actual fast growth period in the City of Prescott, and is considered 
representative of a possible aggressive flow increase scenario for the City’s treatment 
facilities. 

Influent flows to both facilities were added in order to determine the total wastewater flow 
increase in the City of Prescott. The annual percent wastewater flow increase for the City of 
Prescott based on influent flow data was calculated to be 6.1 percent for the period 
between January 2006 and April 2009.  

Due to the different nature of the service areas for the Sundog WWTP and the Airport WRF, 
the percent flow increase is different for each plant. The Sundog WWTP service area is 
significantly more developed than the Airport WRF service area. Therefore, the rate of flow 
increase at the Sundog WWTP is expected to be slower than the rate of flow increase at 
the Airport WRF.  

In order to develop the flow increase curves for each plant, it was assumed that 64 percent 
of the flow increase for the City is sent to the Airport WRF, and 36 percent is sent to the 
Sundog WWTP. Two reference points were used to determine the relative split of the City’s 
flow increase to each of the two treatment facilities.  

 Historical wastewater flow data between January 2006 and April 2009. Based on 
historical flow data, 67 percent of the flow increase for the City occurred at the 
Airport WRF, and 33 percent occurred at the Sundog WWTP. 

 Buildout flow for each plant per the City’s Wastewater Master Plan. Buildout flows for 
the Airport WRF and the Sundog WWTP are 9.5 mgd and 5.3 mgd, respectively. At 
buildout, 64 percent of the wastewater flow is treated at the Airport WRF and 
36 percent of the flow is treated at the Sundog WWTP.
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Table 5A.1 summarizes the historical flow data used to develop assumptions presented in 
this aggressive flow increase scenario. Figure 5A.1 presents the flow increase curves for 
the City of Prescott, the Sundog WWTP, and the Airport WRF. 
 

Table 5A.1 Historical Flow Increase at City of Prescott Treatment Facilities 
Technical Memorandum No. 5A - Alternatives Evaluation 
City of Prescott, Arizona 

Criteria Airport WRF Sundog WWTP Total 

Influent Flow January 2006, mgd 0.772 (1) 2.470 (1) 3.242 

Influent Flow April 2009, mgd 1.215 (1) 2.691 (1) 3.906 

Annual Flow Increase, % 17.2 2.7 6.1 

Flow increase 2006-2009, mgd 0.443 0.221 0.664 

Fraction of Flow Increase 0.67 0.33 1.00 

Notes: 

(1)  Based on linear trend of daily average flow data. 

(2)  Sundog influent flows include discharge flows from the Hassayampa Water Reclamation Plant 
(WRP) to the collection system. Annual average flows from the Hassayampa WRP are 
approximately 12,000 gallons per day of waste activated sludge from the activated sludge 
process (8,000 gpd between November-April, and 16,000 gpd between April-November). 
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FLOW INCREASE CURVES - SCENARIO A (AGGRESSIVE) 
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2.1.2 Scenario B – Conservative Flow Increase 

The conservative flow increase scenario (Scenario B) represents a moderate growth 
scenario. An annual flow increase of 2 percent was assumed to develop the wastewater 
flow increase curve for the City of Prescott. The assumption is based on growth estimates 
used in the following planning documents for the City of Prescott: 

 2003 Prescott General Plan, Ratified May 2004. 

 Yavapai County General Plan, April 2003. 

 Arizona Subcounty Population Projections. Arizona Department of Economic 
Security, Research Administration, Population Statistics Unit, December 2006. 

 Wastewater Collection System Model Study, January 2008. 

In order to develop the flow increase curves for each plant, it was assumed that 64 percent 
of the flow increase for the City is sent to the Airport WRF, and 36 percent is sent to the 
Sundog WWTP. This is the same assumption made for Scenario A, presented in 
Section 2.1.1. Figure 5A.2 presents the flow increase curves for the City of Prescott, the 
Sundog WWTP, and the Airport WRF. 

2.1.3 Airport WRF Phasing 

The buildout annual average day flow (AADF) for the Airport WRF tributary area is 9.5 mgd 
(City of Prescott Wastewater Master Plan). For the purposes of this technology assessment 
and site master planning project, the buildout capacity was established at 9.6 mgd.  

Based on regulatory requirements, the City is required to have installed wastewater 
treatment capacity to issue plat approvals. Therefore, the City requires having sufficient 
additional capacity in the wastewater treatment facilities to allow for growth and 
development to occur in the City. Currently, the Airport WRF has a committed capacity 
approaching the permitted capacity of 2.2 mgd, and any significant capital investment at the 
plant should increase capacity beyond the permitted capacity of 2.2 mgd in order to allow 
growth and development. This is particularly important for the Airport WRF, because its 
service area is an area of growth within the City. 

The capacity for each phase of the master planned capacity was established at 3.2 mgd 
(three treatment trains total). This capacity was established based on discussions with the 
City in several workshops, and it addresses the City’s need of having additional treatment 
capacity beyond the permitted capacity of the existing plant (2.2 mgd). This Phase 1 
capacity is more cost-effective than a four treatment train alternative, and it also provides a 
reasonable timeframe before the next capacity expansion is required. 
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Based on the flow increase scenarios presented in Sections 2.1.1 and 2.1.2 above, Figure 
5A.3 shows the expected timing associated with a first phase of 3.2 mgd. It is estimated 
that with a Phase 1 capacity of 3.2 mgd, the Airport WRF would require the next expansion 
phase to be in service as early as the Year 2018 and as late as the Year 2028. 

2.1.4 Sundog WWTP Phasing 

The buildout annual average day flow (AADF) for the Airport WRF tributary area is 5.3 mgd 
(City of Prescott Wastewater Master Plan). For the purposes of this technology assessment 
and site master planning project, the buildout capacity was established at 5.4 mgd. 

The capacity for each treatment train of the master planned capacity was established at 
1.8 mgd (three treatment trains total). This capacity was established based on discussions 
with the City in several workshops, and it addresses the City’s need of having additional 
treatment capacity beyond the estimated capacity of the existing plant (3.0 mgd) with the 
upgrades necessary for two treatment trains of 1.8 mgd for a total treatment capacity of 
3.6 mgd with the first phase of expansion. This first phase capacity is more cost-effective 
than a four treatment train alternative, and it also provides a reasonable timeframe before 
the next capacity expansion is required. 

Based on the flow increase scenarios presented in Sections 2.1.1 and 2.1.2 above, Figure 
5A.4 shows the expected timing associated with the existing capacity, and with a first phase 
of improvements to achieve a treatment capacity of 3.6 mgd. It is estimated that the plant 
will reach its existing capacity between the years 2014 and 2020. It is also estimated that 
with a Phase 1 capacity of 3.6 mgd, the Sundog WWTP would require the next expansion 
phase to be in service as early as the Year 2019 and as late as the Year 2034. 

2.2 Design Wastewater Flows 

The wastewater flow peaking factors for evaluation of treatment alternatives were 
developed in TM No. 3A, and are based on historical wastewater quality data between 2006 
and 2009 for the Airport WRF. Table 5S.2 presents the design wastewater parameters used 
for the evaluation of treatment alternatives in this TM No. 5A.  
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Table 5A.2 Design Wastewater Flows and Peaking Factors 
Technical Memorandum No. 5A - Alternatives Evaluation 
City of Prescott, Arizona 

Flow Criteria 
Hydraulic 

Peaking Factor (1) 
Buildout Flow 

(mgd) 
Phase 1 Flow 

(mgd) 

Annual Average Day Flow 1.0 9.6 3.2 

Maximum Month Average Day 1.4 13.4 4.5 

Peak Day 2.0 19.2 6.4 

Peak Hour 3.0 28.8 9.6 

Note: 

(1) Based on historical data analysis between January 2006 and April 2009. All peaking factors are 
relative to the annual average day flow. 

2.3 Design Wastewater Loads 

The wastewater constituent concentrations used for evaluation of treatment alternatives 
were developed in TM No. 3A, and are based on historical wastewater quality data between 
2006 and 2009 for the Airport WRF. Table 5A.3 presents the design wastewater 
parameters used for the evaluation of treatment alternatives in this TM No. 5A.  
 

Table 5A.3 Design Wastewater Concentrations 
Technical Memorandum No. 5A - Alternatives Evaluation 
City of Prescott, Arizona 

Parameter Unit 
Annual 

Average Day 
Maximum Month 
Average Day (1) 

Design Concentrations    

BOD mg/L 322 383 

TSS mg/L 504 633 

TKN mg/L 34.6 41.2 

Ammonia N mg/L 29.5 35.1 

Alkalinity mg/L 250 250 

Temperature C  18.4 12.4 

pH -- 7.3 7.3 

Note: 

(1) Based on the assumption that the maximum month load (ppd) coincides with the maximum 
month flow (mgd). The maximum month flow peaking factor is 1.4. 
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3.0 ALTERNATIVE TREATMENT TECHNOLOGIES SCREENING 

For the initial evaluation of process alternatives, a full range of treatment options were 
considered for completeness. These process technologies are discussed relative to their 
potential application to both the Sundog WWTP and the Airport WRF. While common 
process technologies at each plant were not a requirement of the master plan, there are 
significant advantages to the City with common or compatible processes. The full range of 
treatment alternatives were reviewed and discussed in project workshops with the City. 
There was a project team consensus that two alternatives should be brought forward for 
detailed evaluation: 

 Alternative 1 – conventional activated sludge with Modified Ludzack-Ettinger Process 
(MLE) for biological nitrification and denitrification 

 Alternative 2 – Membrane Bioreactor (MBR) with MLE for biological nitrification and 
denitrification 

The following subsections present the full range of treatment technologies considered, 
associated benefits and challenges for each and status for detailed consideration.  

3.1 Conventional Activated Sludge (MLE) 

The Modified Ludzack-Ettinger (MLE) process has an anoxic zone at the head of the 
aeration basin that receives influent wastewater, return activated sludge, and recycled 
mixed liquor suspended solids (MLSS) from the end of the aerobic zone. Nitrates produced 
in the aerobic zone are denitrified in the anoxic zone. The anoxic zone is followed by an 
aeration zone enabling nitrification and elimination of organic pollutants. Additionally, the 
MLE process allows for swing zones that provide operational flexibility for nitrogen removal 
under varying wastewater characteristics. Activated sludge is settled in final clarifiers. 

Advantages 

 Consistent with existing plant technology.  

 Proven technology.  

 Simple operation. 

 Lower energy than MBR. 

Disadvantages 

 Requires larger footprint than MBR.  

 Requires tertiary filtration to meet Class A+ (compared to MBR). 

 Increased disinfection requirements compared to MBR.
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Summary 

The conventional activated sludge (MLE) process is recommended for detailed evaluation. 
This process provides proven, reliable nitrogen removal with a stable activated sludge 
process. 

3.2 Four-stage Biological Nutrient Removal (BNR) 

The four-stage BNR process comprises an MLE process (anoxic/aerobic zones described 
above) followed by a post-anoxic and reaeration zone for further removal of nitrates 
(typically using an external carbon source), and re-aeration to strip any nitrogen gas and 
aerate the MLSS prior to settling. Activated sludge is settled in final clarifiers. 

Advantages 

 Potential to achieve lower effluent total inorganic nitrogen (TIN). 

Disadvantages 

 Additional post-anoxic and reaeration/oxic step.  

 Additional nitrogen removal is not needed to meet Class A+ TN limit of 10 mg/L. 

 Slightly higher cost than MLE due to additional baffle walls, mixers, and aeration. 

Summary 

The four-stage BNR process is not recommended for detailed evaluation. There is no 
requirement to achieve additional nitrogen removal beyond the capabilities of an MLE 
process. 

3.3 Extended Aeration Oxidation Ditch 

The extended aeration oxidation ditch process typically occurs in a race-track tank that is 
both mixed and aerated using mechanical rotors. The racetrack provides volume for both 
aerobic and anoxic conditions to exist, although these are not defined in separate zones or 
tanks. Therefore, some ditches include external upstream tankage for controlled 
denitrification in anoxic tanks. Activated sludge is settled in final clarifiers. 

Advantages 

 Simple operation. 

 Stable operation. 

 Facility does not require blower complex for aeration. 

Disadvantages 

 Long hydraulic retention time (typically greater than 20 hours) requires relatively 
large footprint. 

 Relatively high capital cost for tankage. 
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 Relatively higher operating cost for mechanical aeration and since rotors provide 
both mixing and aeration, may limit operations flexibility. 

 Requires external anoxic basin for MLE process, or relies on simultaneous 
nitrification and denitrification for nitrate removal. 

Summary 

The extended aeration oxidation ditch process is not recommended for detailed evaluation. 
It is anticipated that it would be more costly to construct and operate than conventional MLE 
activated sludge and enhanced stabilization is not required with anaerobic digestion. 

3.4 Step Feed Biological Nitrogen Removal 

The step feed process is typically constructed in a four-pass aeration basin with influent 
equally distributed during dry weather to an anoxic zone and following aeration zone in 
each of the 4 passes. During wet weather flows, the final pass of the aeration tank receives 
significantly more influent to provide a solids-contact treatment prior to settling and 
discharge. The process typically produces effluent with higher ammonia concentration than 
the MLE process due to the short retention time of the final pass for treating 25 percent of 
influent flows. Activated sludge is settled in final clarifiers. 

Advantages 

 Smaller aeration basin volume relative to conventional plug flow MLE system. 

 No requirement for internal recycle pump. 

 Helps to manage wet weather flows. 

Disadvantages 

 Higher rate process therefore may occasionally struggle to meet total nitrogen alert 
level of 8 mg/L 

 Typically subject to significant surface foam formation. 

 Comparable costs to MLE. 

Summary 

The step feed BNR process is not recommended for detailed evaluation. The process is 
more difficult to control and operate than conventional MLE activated sludge and typically 
bleeds ammonia in the final effluent due to the step feed process, which could represent a 
long-term permit issue (future ammonia limit). 
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3.5 Separate Carbonaceous and Nitrifying Activated Sludge Systems 

The two-stage process is typically constructed as a high-rate carbonaceous treatment 
activated sludge system tankage with clarifiers followed by a separate nitrifying activated 
sludge system tankage with anoxic zones using carbon addition for denitrification and final 
clarifiers for sludge settling. 

Advantages 

 Isolates carbonaceous removal, nitrifying and denitrifying steps to optimize each step 
independently. 

Disadvantages 

 Requires a greater number of clarifiers therefore more expensive than MLE. 

 Denitrification is typically accomplished with additional of an external carbon source 
further increasing the complexity and operating costs for this option.  

Summary 

The two-stage process is not recommended for detailed evaluation. The process is more 
costly to construct and operate than conventional MLE activated sludge and does not utilize 
available influent carbon for denitrification. 

3.6 Membrane Bioreactor in MLE Configuration 

The membrane bioreactor (MBR) process in MLE configuration operates very similar to a 
conventional MLE process, with the key difference that the final clarification step in the 
conventional MLE process is replaced with membrane filtration. Membrane filtration allows 
the system to operate at much higher mixed liquor suspended solids concentrations 
compared to a conventional process, and therefore reduce the required volume of the 
aeration basins. 

The MLE process has an anoxic zone at the head of the aeration basin that receives plant 
influent and recycled MLSS from the end of the aerobic zone or from the membrane basins. 
Return activated sludge from the membrane basins may be directed to the aerobic zone to 
reduce the impact of DO on the anoxic zone. Nitrates produced in the aerobic zone are 
denitrified in the anoxic zone. The anoxic zone is followed by an aeration zone enabling 
nitrification and elimination of organic pollutants. Final effluent is filtered from the MLSS 
using proprietary polymeric membranes producing a filtered final effluent. 

Advantages 

 Small footprint. 

 Stable operation. 

 Performance not dependent on sludge settling characteristics. 

 Very good effluent quality due to use of microfiltration. 
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 Does not require final clarifiers or tertiary filters. 

 Allows for some forms of future advanced treatment systems for emerging 
contaminants. 

Disadvantages 

 Relatively high operating cost. 

 Filtration system is sized based on hydraulic capacity of the membrane system. 
Therefore, for peak wet weather flows equalization is required. 

 Membrane replacement is a significant expense that must be annually budgeted and 
accounted for. 

 Instrumentation and control equipment is intensive. 

 Without sufficient equalization storage, the plant is susceptible to overflowing in the 
event of solids overload and plugging of the membrane filtration system. 

Summary 

The MBR process is recommended for detailed evaluation. The process provides reliable 
nitrogen removal with stable activated sludge process, and enhances effluent quality with 
membrane filtration. 

3.7 Sequencing Batch Reactors 

Sequencing batch reactors (SBR) employ conventional activated sludge processes that 
operate in “slices of time” in a common tank, rather than in multiple tanks in continuous 
time. In the continuous inflow variant, influent wastewater flows into the basin continuously 
regardless of sequence in the cycle. In the true batch system influent is not continuous. 
Treatment takes place in four steps:  

 Step 1: Anoxic period when MLSS is mixed with incoming influent for denitrification 
of nitrates. 

 Step 2: Aeration period during which air is blown into the basin through a diffusion 
system.  

 Step 3: The aerated MLSS settles leaving a clear supernatant on top of the settled 
sludge.  

 Step 4: The supernatant is decanted to the effluent line.  

The normal cycle time is approximately 4.8 hours with 0.8 hours anoxic, 2 hours of aeration, 
1 hour of settlement, and 1 hour of decanting. SBR plants generally include a storm cycle, 
which is shorter than the normal treatment cycle. 
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Advantages 

 Does not require separate clarifiers 

 Smaller footprint than conventional activated sludge 

Disadvantages 

 Requires influent or effluent equalization ponds based on non-continuous operation. 

 Plant operation is totally dependent on PLC operation 

 Technology traditionally limited to small plant capacities (<1 mgd). 

 Higher capital cost than MLE, as existing oxidation ditch cannot be used for aeration. 

Summary 

The SBR process is not recommended for detailed evaluation. In this process, it is more 
difficult to control unwanted nuisance foaming and bulking organisms compared to a 
conventional MLE activated sludge process, and therefore the SBR process may lead to 
more effluent total suspended solids excursions particularly during high flows. 

3.8 Phased Oxidation Ditch System “BioDenitro™” 

The BIO-DENITRO™ process comprises two identical activated sludge tanks and a settling 
tank. The activated sludge tanks, fitted with aeration and agitation devices, are 
interconnected and operate either as aerobic or anoxic tanks. Treatment is achieved by 
switching feed and discharge between the two tanks, in two phases, A and B: 

 Phase A, the untreated water is introduced into the first tank operating as an anoxic 
tank, from where the nitrates accumulated during the previous phase are removed. 
The mixed liquor passes into the second tank, which operates under aerobic 
conditions to enable nitrification and elimination of organic pollutants. 

 Phase B, the water is admitted to the second tank, and the denitrification and 
nitrification phases are inverted compared to Phase A. 

Advantages 

 Simple operation. 

 Stable operation. 

 Numerous facilities worldwide employ this technology. 

Disadvantages 

 Large footprint for secondary treatment 

 Difficult to plan for redundant operation 

 Higher capital cost than MLE  
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Summary 

The phased oxidation ditch process is not recommended for detailed evaluation. This 
process would be more costly to construct and operate than conventional MLE activated 
sludge and is expensive to include redundant capacity. 

3.9 Trickling Filters/Biotowers 

Primary effluent is pumped to a trickling filter or biotower and distributed over the media 
using a hydraulic or mechanical distributor. The wastewater is oxidized by bacteria that 
grow attached to the fixed media. Most units include a recycle system to maintain a 
minimum wetting rate for the media. Some systems include a downstream short residence 
time activated sludge system for coagulation of biological solids. The solids are settled in 
final clarifiers before discharge. The denitrification process also occurs on fixed media and 
typically uses supplemental carbon for denitrification. 

Advantages 

 Low operating cost. 

 Attached-growth processes are less susceptible to solids washout. 

 Low solids loading to secondary clarifiers. 

Disadvantages 

 Not suitable for biological nitrogen removal (unreliable for complete nitrification 
without biofilm using alkaline solutions). 

 Downstream denitrification requires supplemental carbon addition. 

 Higher capital cost than MLE as existing oxidation ditches cannot be used for 
aeration. 

Summary 

Trickling filters or biotowers are not recommended for detailed evaluation. The process is 
estimated to be more costly to construct than conventional MLE activated sludge, and 
depending on the biofilm and snail control requirements may be more expensive to operate. 

3.10 Moving Bed Bioreactors (MBBR) and Denitrification Filters 

Additional treatment could be provided downstream of the existing activated sludge 
process. A moving bed biological reactor (MBBR) could be installed after the secondary 
clarifiers to completely nitrify residual ammonia followed by subsequent denitrification and 
suspended solids removal in a denitrification filter. The MBBR process is designed to 
provide a surface on which to grow biomass for nitrification without loading the mass on the 
clarifier as is done in conventional activated sludge processes. The media is free-floating in 
a basin. Diffused aeration provides both the oxygen requirement for nitrification and the 
mixing requirement to keep media well mixed.  
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Advantages 

 Small footprint technology.  

 Attached growth process not susceptible to solids washout. 

Disadvantages 

 Storage and management of floating media, particularly during basin inspection and 
repair is problematic. 

 Basins require screens to keep media within the tank, the screens require excellent 
influent screening 

 MBBR facilities utilize proprietary media. 

 Downstream denitrification requires supplemental carbon addition. 

 Higher capital cost than MLE, as existing oxidation ditch cannot be used for aeration. 

Summary 

The MBBR process is not recommended for detailed evaluation. The process is estimated 
to be more costly to operate than conventional MLE activated sludge due to the need for 
carbon addition for denitrification.  

3.11 Integrated Fixed Film/Activated Sludge Process (IFAS) 

Additional treatment could be provided within the existing activated sludge process by 
installing floating media within dedicated zones of the installed tankage. An IFAS system 
will assist in completely nitrifying residual ammonia in smaller tankage and denitrification 
can then be accomplished in larger zones within the existing aeration basins.  

The IFAS process is designed to provide a surface on which to grow biomass for 
nitrification in conjunction with suspended growth biomass. The media is free-floating in a 
basin. Diffused aeration provides both the oxygen requirement for nitrification and the 
mixing requirement to keep media well mixed. 

Advantages 

 Small footprint technology 

 Lower solids loading to secondary clarifiers. 

 Use of fixed-film biomass reduces chances of loss of biological treatment due to 
storm flow washout or process upset.  

Disadvantages 

 Storage and management of floating media, particularly during basin inspection and 
repair is problematic. 

 Basins require screens to keep media within the tank, and the screens require 
excellent influent screening. 
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 IFAS facilities utilize proprietary media. 

 Additional aeration requirements are needed to properly maintain the free-floating 
media in suspension 

Summary 

The IFAS process is not recommended for detailed evaluation. It is more difficult to 
maintain than conventional MLE activated sludge due to the need for media, screens, as 
well as additional aeration and influent screening requirements.    

3.12 Biological Aerated Filters – Nitrification and Denitrification 

Multiple vendor market versions of biological aerated and denitrifying filters (BAFs) are 
used for wastewater treatment. BAFs are used for both BOD and TSS removal, as well as 
for nitrification and denitrification. The technology is proven at both small scale and large 
scale. Two companies (Kruger, owned by Veolia Water, and Infilco Degremont, owned by 
Suez) have supplied the majority of systems currently operating. Kruger supplies the 
BioStyrTM process. Infilco Degremont supplies the BioForTM process.  

BAFs could be used to nitrify the waste stream from the primary clarifiers. The nitrifying 
BAF effluent could then be denitrified in a denitrifying BAF. Influent flow is pumped to a 
common channel where flow is hydraulically split to the operating nitrifying BAF. BAFs are 
individually controlled through automatic gates and valves. The BAF backwash process 
including air scour is fully automated. The backwash is directed to the primary clarifiers for 
co-settling with primary solids. No separate backwash tank is required.  

Advantages 

 Applicable for tertiary nitrification 

 Less proven than denitrification filters for producing low effluent TSS. 

Disadvantages 

 Potential for clogging with large debris 

 Subject to surfactant foaming 

 Proprietary vendor system 

 Higher capital cost than MLE, as existing oxidation ditch cannot be used for aeration. 

Summary 

Biological aerated filters are not recommended for detailed evaluation. These filters are 
estimated to be MORE costly to construct and operate than conventional MLE activated 
sludge. 
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4.0 ALTERNATIVE 1 – CONVENTIONAL MLE 

Based on the liquid treatment technologies screening process presented in Section 0, the 
Conventional (MLE) Treatment Alternative was brought forward for detailed evaluation. The 
alternative evaluation was based on identifying the facilities required at buildout (9.6 mgd) 
as well as Phase 1 (3.2 mgd). The detailed evaluation process included the following steps: 

 Conceptual process design to determine facilities required. 

 Process unit sizing and evaluation of treatment performance using process 
modeling. 

 Development of preliminary site layouts. 

 Development of planning-level cost estimates for capital and operations and 
maintenance costs. 

 Comparison of alternatives based on economic and non-economic factors 
(Sections 6.1 and 6.2). 

4.1 Process Design Criteria 

The processes for liquids and solids treatment for the conventional treatment alternative are 
described below. The general approach for the conceptual process design was to base the 
unit process sizing on the requirements for buildout, incorporating as many of the existing 
facilities as possible into the first phase of the master planned facilities. The process flow 
schematic for the conventional treatment alternative is shown in Figure 5A.5. 

4.1.1 Preliminary Treatment 

Screening was based on the addition of new, in-channel mechanical bar screens (step 
screens) including a bypass with a manual screen. The sizing criteria for the screens is 
based on the wastewater velocity through the bar openings, which is determined by the 
width of the channel and the operating side water depth inside the channel. As the plant 
influent flow increases towards buildout, the operating side water depth in the channels can 
be increased to allow using the same screen units and channels from Phase 1 to buildout. 
The screen sizing criteria was based on this approach. Utilization of the existing screen 
beyond its rated capacity of 2.4 mgd is not feasible due to the channel depth and existing 
hydraulics.  

For costing and site layout purposes, grit removal was based on the assumption of 
mechanical vortex units in concrete basins, a common approach in municipal treatment 
plants, which is consistent with the existing technology used at the City’s facilities. It should 
be noted that a detailed evaluation of both screening and grit removal technologies should 
be part of a preliminary design effort.
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The number of screening and grit removal units assumed at Phase 1 and buildout are 
summarized in Table 5A.4. 
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Table 5A.4 Conventional (MLE) Treatment Alternative Facilities Summary 
Technical Memorandum No. 5A - Alternatives Evaluation 
City of Prescott, Arizona 

Unit Process Facilities Required at Phase 1 (3.2 mgd) Facilities Required at Buildout (9.6 mgd) 

Coarse Screening  1 mechanical bar screen (duty) 

 1 washer/compactors 

 1 manual bar screen (redundant) 

 Building (3,200 sf) with odor control. 

 2 mechanical bar screens (duty) 

 2 washer/compactors 

 1 manual bar screen (redundant) 

 Building (3,200 sf) with odor control. 

Grit Removal  1 mechanical vortex unit, concrete basins  2 mechanical vortex units, concrete basins 

Primary Sedimentation N.A.  3 units, 80-ft diameter with dome covers and 
clarifier mechanism 

Primary Sludge Pump 
Station 

N.A.  Pump station structure 

 Progressive Cavity Pumps: 2 duty + 1 standby, 
100 gpm each 

 Primary scum pumps: 2 units, 160 gpm each 

Activated Sludge 
Treatment Basins 

 2 trains, 3.1 MG per train (6.2 MG total) 

 Submersible mixers (20 HP), 2 per train 

 Fine bubble diffuser system 

 Mixed liquor return pumps: 7,800 gpm/basin 

 3 trains, 3.1 MG per train (9.2 MG total) 

 Submersible mixers (20 HP), 2 per train 

 Fine bubble diffuser system 

 Mixed liquor return pumps, 15,500 gpm/train 

Blower Building  Centrifugal blowers 

 3 units (one redundant), 3,500 scfm each 

 Blower building (1,200 sf) 

 Centrifugal blowers 

 5 units (one redundant), 3,500 scfm each 

 Blower building (1,800 sf) 

Secondary 
Sedimentation 

 2 units (one redundant at AADF loads) 

 100-ft diameter, 15-ft side water depth  

 4 units (one redundant at AADF loads) 

 100-ft diameter, 15-ft side water depth  
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Table 5A.4 Conventional (MLE) Treatment Alternative Facilities Summary 
Technical Memorandum No. 5A - Alternatives Evaluation 
City of Prescott, Arizona 

Unit Process Facilities Required at Phase 1 (3.2 mgd) Facilities Required at Buildout (9.6 mgd) 

RAS/WAS Pumping  Wet well with submersible centrifugal pumps. 

 RAS: 2 pumps (one redundant); 2,800 gpm each 

 WAS: 2 units (one redundant); 500 gpm each 

 Secondary scum pumps, 2 pumps 

 Wet well with submersible centrifugal pumps. 

 RAS: 4 pumps (one redundant); 2,800 gpm each

 WAS: 3 units (one redundant); 500 gpm each 

 Secondary scum pumps, 4 pumps 

Tertiary Filtration  Cloth media disk filters in concrete basins. 

 3 units (one redundant), total filtration area: 1,938 
sf 

 Cloth media disk filters in concrete basins. 

 6 units (one redundant), total filtration area: 
3,876 sf 

Disinfection  UV disinfection, open channel low-pressure high-
output. 

 1 channel, 4 banks in channel (one redundant 
bank in channel). 

 UV disinfection, open channel low-pressure 
high-output. 

 3 channels, 4 banks per channel (one redundant 
bank per channel). 

Effluent Pumping  Wet well volume; 25,000 cf 

 2 vertical turbine pumps (one redundant); 5,000 
gpm each 

 Wet well volume; 25,000 cf 

 5 vertical turbine pumps (one redundant); 5,000 
gpm each 

Solids Handling  One additional centrifuge (80 to 120 gpm 
capacity) in existing building. 

 3 thickening units (one redundant); 500 gpm 

 3 dewatering units (one redundant); 200 gpm 

 Solids handling building (16,991 sf) 

Digestion N.A.  4 digesters, 85 ft diameter, 25 ft SDW. 

 Boiler building, flares, mixing system 
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4.1.2 Primary Treatment 

Primary treatment reduces mainly BOD and TSS from the plant influent loadings. Primary 
treatment was incorporated as part of the process design in order to reduce the aeration 
basin volume and process air required for secondary treatment. Circular clarifiers and a 
primary sludge pump station were assumed for costing and site layout purposes.  

Primary treatment was not included for Phase 1 conditions. Primary clarification produces 
unstabilized primary sludge, and the Airport WRF facilities do not currently have sludge 
stabilization facilities (i.e., digesters). Therefore, it was assumed that primary treatment 
would be constructed together with digestion facilities at Phase 2 at the earliest for cost 
effectiveness. 

The size and number of primary clarifier units at Phase 1 and buildout are summarized in 
Table 5A.. Detailed process calculations with sizing criteria such as surface overflow rate, 
BOD and TSS removal efficiencies are included in Appendix A. 

4.1.3 Secondary Treatment 

The MLE activated sludge treatment process includes compartmentalized aeration basins 
with two anoxic zones, one swing zone and three aeration zones, arranged in a two-pass 
configuration. Swing zones (equipped with mixers and aeration diffusers) provide the 
flexibility to adjust the relative anoxic and aeration volumes to changes in the wastewater 
characteristics. Low-head mixed liquor return pumps provide the recycle of nitrates from the 
last aeration zone back to the first anoxic zone. Submersible mixers were assumed for 
mixing in the anoxic zones. Membrane disc, fine bubble diffusers were assumed in order to 
provide efficient aeration and minimize the required blower size.  

Centrifugal blowers in a dedicated building were assumed for costing and site layout 
purposes. The blower building was assumed to expand from Phase 1 to build out in order to 
minimize footprint and cost for Phase 1. 

Circular secondary clarifiers provide solids-liquid separation of the mixed liquor suspended 
solids from the aeration basins. The larger clarifier size required for Phase 1 and buildout 
as compared to the existing secondary clarifier (100 ft versus 60 ft), and the site layout 
prevented reutilization of the existing clarifier for final clarification (see solids handling for 
reutilization of existing secondary clarifier). 

A new return activated sludge (RAS) and waste activated sludge (WAS) pump station was 
assumed for Phase 1 and buildout. For costing and layout purposes, the pump station was 
assumed to have a wet well with submersible pumps. The wet well was assumed to be 
constructed in Phase 1, with additional pumps to provide sufficient capacity for buildout. 
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The design criteria for the aeration basins, blower building, and secondary clarifiers at 
Phase 1 and buildout are summarized in Table 5A.. Detailed process calculations with 
sizing criteria such as mixed liquor suspended solids, solids retention time, surface overflow 
rates, clarifier safety factors, process air requirements, RAS and WAS flows are included in 
Appendix A. 

4.1.4 Tertiary Treatment 

Based on the evaluation and recommendations presented in TM No. 7 - Tertiary Filtration 
Evaluation, the liquid treatment alternatives analyzed in this TM No. 5A assume disc filter 
technology. The disc filters considered would require new basins, and due to site layout 
considerations reusing the existing traveling bridge filter structure was not considered. 

For disinfection, evaluation of alternatives under this TM No. 5A are based on UV 
disinfection technology. UV is the existing technology used at both the Airport WRF and the 
Sundog WWTP. In-channel UV technology was assumed for this evaluation based on other 
experiences with conventional MLE projects. 

Other disinfection alternatives are available to the City, such as chlorine and ozone 
disinfection. A detailed evaluation of disinfection technologies is a preliminary design task 
that should consider factors such as capital and operational costs, disinfection by-product 
formation, reliability, redundancy, among others. The detailed evaluation of disinfection 
technologies is not included in the current project, but should be performed as part of the 
facilities design. 

For the purposes of this master plan, UV disinfection was consistently used for the 
evaluation of treatment alternatives and planning level costs. This approach was selected to 
provide conservative cost estimates, which are appropriate for budgeting purposes. 

The design criteria for the tertiary filters and disinfection at Phase 1 and buildout are 
summarized in Table 5A.. Detailed process calculations with sizing criteria such as 
hydraulic loading rates, number of units, and filtration area are included in Appendix A. 

4.1.5 Effluent Pumping 

For the purposes of this study, vertical turbine pumps in a wet well were assumed. The wet 
well was assumed to be constructed in Phase 1, with additional pumps to provide sufficient 
capacity for buildout. The design criteria for the effluent pump station are summarized in 
Table 5A.. 

4.1.6 Solids Handling and Stabilization 

Anaerobic digestion to achieve Class B biosolids quality was assumed as the sludge 
stabilization process for the conventional MLE process alternative. Aerobic digestion was 
not considered for the MLE process due to the additional aeration requirements that would 
result from aerobically digesting primary sludge. 
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Anaerobic digestion was not considered for Phase 1 due to the relatively large capital costs 
associated with digestion facilities. Therefore, landfill disposal of unstabilized dewatered 
sludge is assumed for Phase 1 at the Airport WRF. 

Solids thickening was assumed upstream of the anaerobic digestion process, in order to 
reduce the volume of solids and therefore the tankage required for the digestion process. 
For the purposes of this evaluation, gravity belt thickeners were assumed based on current 
practice at the Sundog WWTP. 

Solids dewatering was assumed downstream of the anaerobic digestion process, in order to 
reduce the volume of solids for disposal. For the purposes of this evaluation, centrifuge 
dewatering was assumed based on current practice at the Airport WRF. For Phase 1, it was 
assumed that additional dewatering equipment will be installed in the existing building. It 
was also assumed that the existing secondary clarifier was used to pre-thicken solids 
before they are sent to the dewatering centrifuges, in order to avoid overloading the 
centrifuges. 

As mentioned for other unit processes, a detailed evaluation of the different solids handling 
technologies available to the City (rotary drum thickeners, belt filter press, centrifuges, etc.) 
is a preliminary design task that should determine the thickening and dewatering 
technologies for the actual design for the facilities, but is not included as part of this project. 

4.1.7 Design Criteria Summary 

Table 5A. summarizes the required facilities for the conventional treatment alternative at a 
buildout flow of 9.6 mgd, and a Phase 1 flow of 3.2 mgd. Also listed in Table 5A. are the 
assumptions on the type of equipment or process that were made for the purposes of 
costing and layout. It should be noted that selection of specific equipment types or process 
alternatives should be further evaluated during preliminary design. A process model output 
summary is included in Appendix A with specific design criteria for each of the unit 
processes, including operating parameters and expected effluent quality. 

4.2 Site Plan 

Figure 5A.6 presents the preliminary site plan for the conventional treatment alternative. 
The layout is based on the conservative assumption that no waivers are obtained from 
adjacent property owners. Therefore, all odor-producing facilities are shown within the 350-
feet internal setback from the property boundary. The layout assumes that the footprint 
occupied by the effluent recharge basin in the southeast end of the site is used for the 
required treatment facilities. Another assumption is that the footprint currently occupied by 
the older oxidation ditch and the existing secondary clarifiers is reclaimed for the solids 
treatment and handling facilities. 
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5.0 MEMBRANE TREATMENT ALTERNATIVE 

Based on the liquid treatment technologies screening process presented in Section 0, the 
Membrane Bioreactor (MBR) Treatment Alternative was brought forward for detailed 
evaluation. The alternative evaluation was based on identifying the facilities required at 
buildout (9.6 mgd) as well as Phase 1 (3.2 mgd). The detailed evaluation process included 
the following steps: 

 Conceptual process design to determine facilities required. 

 Process unit sizing and evaluation of treatment performance using process 
modeling. 

 Development of preliminary site layouts. 

 Development of planning-level cost estimates for capital and operations and 
maintenance costs. 

 Comparison of alternatives based on economic and non-economic factors 
(Sections 6.1 and 6.2). 

5.1 Process Design Criteria 

The processes for liquids and solids treatment for the conventional treatment alternative are 
described below. The general approach for the conceptual process design was to base the 
unit process sizing on the requirements for buildout, incorporating as many of the existing 
facilities as possible into the first phase of the master planned facilities. The process flow 
schematic for the MBR treatment alternative is shown in Figure 5A.7. 

5.1.1 Preliminary Treatment 

Two-stage screening (coarse and fine) screening was assumed for this alternative. Coarse 
screening was based on the addition new, in-channel mechanical bar screens (step 
screens) including a bypass with a manual screen. The sizing criteria for the screens is 
based on the wastewater velocity through the bar openings, which is determined by the 
width of the channel and the operating water depth. As the plant influent flow increases 
towards buildout, the operating depth in the channels can be increased to allow using the 
same screen units from Phase 1 to buildout. The screen sizing criteria was based on this 
approach. Utilization of the existing screen beyond its rated capacity of 2.4 mgd is not 
feasible due to the channel depth and existing hydraulics.  

Fine screening was based on the addition of rotary drum screens with perforated plate 
openings, a common type of fine screens required for membrane treatment facilities. MBRs 
have specific fine screening requirements in order to protect the membranes. A fully 
redundant unit was assumed.
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For costing and site layout purposes, grit removal was based on the assumption of 
mechanical vortex units in concrete basins, a common approach in municipal treatment 
plants, which is consistent with the existing technology used at the City’s facilities. It should 
be noted that a detailed evaluation of both coarse and fine screening and grit removal 
technologies should be part of a preliminary design effort. 

The number of screening and grit removal units assumed at Phase 1 and buildout are 
summarized in Table 5A.5. 

5.1.2 Primary Treatment 

Primary treatment was not included for the MBR process treatment alternative. Primary 
treatment reduces mainly BOD and TSS from the plant influent loadings. Primary treatment 
was not incorporated as part of the process design because the relatively small reduction in 
aeration basin volume compared to the addition of primary clarifiers and anaerobic 
digestion facilities to stabilize the primary sludge.  

5.1.3 Secondary Treatment 

The activated sludge treatment process is based on an MLE configuration, and includes 
compartmentalized aeration basins with two anoxic zones, one swing zone and three 
aeration zones, arranged in a single-pass configuration. Swing zones (equipped with mixers 
and aeration diffusers) provide the flexibility to adjust the relative anoxic and aeration 
volumes to changes in the wastewater characteristics. Submersible mixers were assumed 
for mixing in the anoxic zones. Membrane disc, fine bubble diffusers were assumed in order 
to provide efficient aeration and minimize the required blower size.  

Centrifugal blowers in a dedicated building were assumed for costing and site layout 
purposes. The blower building was assumed to expand from Phase 1 to build out in order to 
minimize footprint and cost for Phase 1. 

The membrane trains replace the function of secondary clarifiers and tertiary filtration in a 
conventional wastewater treatment process. Hollow fiber membrane technology was 
assumed for this evaluation. Some of the elements of the membrane separation process 
include the membrane tanks, membrane modules, permeate pumps, air scour blowers, 
chemical cleaning system, among others. Return activated sludge (RAS) and waste 
activated sludge (WAS) pumping was assumed to be from the membrane tanks. A 
membrane building was assumed to include the membrane-related equipment as well as 
the disinfection units (see Section 5.1.4 for disinfection). It was assumed that the building 
would be constructed under Phase 1, and additional equipment would then be added with 
subsequent phases. 
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Table 5A.5 Membrane (MBR) Treatment Alternative Facilities Summary 
Technical Memorandum No. 5A - Alternatives Evaluation 
City of Prescott, Arizona 

Unit Process Facilities Required at Phase 1 (3.2 mgd) Facilities Required at Buildout (9.6 mgd) 

Coarse Screening  1 mechanical bar screen (duty) 

 1 washer/compactors 

 1 manual bar screen (redundant) 

 Building (3,200 sf) with odor control 

 2 mechanical bar screens (duty) 

 2 washer/compactors 

 1 manual bar screen (redundant) 

 Building (3,200 sf) with odor control 

Grit Removal  1 mechanical vortex unit, concrete basins  2 mechanical vortex units, concrete basins 

Fine Screening  2 Rotary drum screen units (1 duty + 1 standby) 

 1 mechanical vortex unit in concrete basin 

 Building (5,720 sf) 

 3 Rotary drum screen units (2 duty + 1 standby) 

 2 mechanical vortex units in concrete basins 

 Building (5,720 sf) 

Activated Sludge 
Treatment Basins 

 2 trains, 1.2 MG per train (2.4 MG total) 

 Submersible mixers (10 HP), 2 per train 

 Fine bubble diffuser system 

 6 trains, 1.2 MG per train (7.2 MG total) 

 Submersible mixers (10 HP), 2 per train 

 Fine bubble diffuser system 

Blower Building  Centrifugal blowers 

 3 units (one redundant), 6,000 scfm each 

 Blower building (1,200 sf) 

 Centrifugal blowers 

 5 units (one redundant), 6,000 scfm each 

 Blower building (1,800 sf) 

Membrane Filtration  Membrane system trains, 2 duty + 1 redundant 

 Chemical cleaning system 

 Air scour blowers (3 duty + 1 standby) 

 RAS and WAS pumps 

 Membrane system trains, 6 duty + 1 redundant 

 Chemical cleaning system 

 Air scour blowers (7 duty + 1 standby) 

 RAS and WAS pumps 

Disinfection  UV disinfection, closed vessel low-pressure 
high-output. 

 3 reactors (one redundant). 

 UV disinfection, closed vessel low-pressure 
high-output. 

 7 reactors (two redundant). 
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Table 5A.5 Membrane (MBR) Treatment Alternative Facilities Summary 
Technical Memorandum No. 5A - Alternatives Evaluation 
City of Prescott, Arizona 

Unit Process Facilities Required at Phase 1 (3.2 mgd) Facilities Required at Buildout (9.6 mgd) 

Effluent Pumping  Wet well volume; 25,000 cf 

 2 vertical turbine pumps (one redundant);  5,000 
gpm each 

 Wet well volume; 25,000 cf 

 5 vertical turbine pumps (one redundant);  5,000 
gpm each 

Solids Handling  One additional centrifuge (80 to 120 gpm) in 
existing building. 

 3 thickening units (one redundant); 500 gpm 

 3 dewatering units (one redundant); 200 gpm 

 Solids handling building (16,991 sf) 

Digestion  Use existing oxidation ditch (newer) as digester 

 2 blower units 

 Operation of newer oxidation ditch as digester 

 6 digesters, 85 ft square 20 ft SDW 

 6 blowers and fine bubble diffuser system 

 Blower building (7,225 sf) 
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Sizing of the membrane filtration facilities was based on providing membrane capacity to 
treat up to peak day flows with one membrane train out of service. Additional freeboard in 
the aeration basins (4 feet of working side water depth) was considered for equalization of 
peak hour flows. Equalization volume could also be provided in a separate tank. The cost-
effectiveness and operational advantages and disadvantages of these alternatives need to 
be further evaluated during preliminary design. For the purposes of this master plan, 
additional freeboard in the aeration basins was considered for equalization of peak hour 
flows. 

The design criteria for the aeration basins, blower building, and membrane filtration at 
Phase 1 and buildout are summarized in Table 5A.. Detailed process calculations with 
sizing criteria such as mixed liquor suspended solids, solids retention time, flux rates, 
process air requirements, RAS and WAS flows are included in Appendix A. 

5.1.4 Tertiary Treatment 

Additional tertiary filtration beyond membrane filtration is not required for the MBR 
treatment process. 

For disinfection, evaluation of alternatives under this TM No. 5A are based on UV 
disinfection technology. UV is the existing technology used at both the Airport WRF and the 
Sundog WWTP. In-vessel UV technology was assumed for this evaluation based on other 
experiences with MBR projects. 

Other disinfection alternatives are available to the City, such as chlorine and ozone 
disinfection. A detailed evaluation of disinfection technologies is a preliminary design task 
that should consider factors such as capital and operational costs, disinfection by-product 
formation, reliability, redundancy, among others. The detailed evaluation of disinfection 
technologies is not included in the current project, but should be performed as part of the 
facilities design. 

For the purposes of this master plan, UV disinfection was consistently used for the 
evaluation of treatment alternatives and planning level costs. This approach was selected to 
provide conservative cost estimates, which are appropriate for budgeting purposes. 

The design criteria for the tertiary filters and disinfection at Phase 1 and buildout are 
summarized in Table 5A.5. 

5.1.5 Effluent Pumping 

For the purposes of this study, vertical turbine pumps in a wet well were assumed. The wet 
well was assumed to be constructed in Phase 1, with additional pumps to provide sufficient 
capacity for buildout. The design criteria for the effluent pump station are summarized in 
Table 5A.4. 
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5.1.6 Solids Handling and Stabilization 

Aerobic digestion to achieve Class B biosolids quality was assumed as the sludge 
stabilization process for the conventional MLE process alternative. Digestion was not 
considered for Phase 1 due to the relatively large capital costs associated with digestion 
facilities to meet Class B quality biosolids. Therefore, landfill disposal of unstabilized 
dewatered sludge is assumed for Phase 1 at the Airport WRF. 

Solids thickening was assumed upstream of the aerobic digestion process, in order to 
reduce the volume of solids and therefore the tankage required for the digestion process. 
For the purposes of this evaluation, gravity belt thickeners were assumed based on current 
practice at the Sundog WWTP. 

Solids dewatering was assumed downstream of the aerobic digestion process, in order to 
reduce the volume of solids for disposal. For the purposes of this evaluation, centrifuge 
dewatering was assumed based on current practice at the Airport WRF. For Phase 1, it was 
assumed that additional dewatering equipment will be installed in the existing building. It was 
also assumed that the existing secondary clarifier was used to pre-thicken solids before they 
are sent to the dewatering centrifuges, in order to avoid overloading the centrifuges. 

As mentioned for other unit processes, a detailed evaluation of the different solids handling 
technologies available to the City (rotary drum thickeners, belt filter press, centrifuges, etc.) 
is a preliminary design task that should determine the thickening and dewatering 
technologies for the actual design for the facilities, but is not included as part of this project. 

5.1.7 Design Criteria Summary 

Table 5A. summarizes the required facilities for the membrane treatment alternative at a 
buildout flow of 9.6 mgd, and a Phase 1 flow of 3.2 mgd. Also listed in Table 5A. are the 
assumptions on the type of equipment or process that were made for the purposes of 
costing and layout. It should be noted that selection of specific equipment types or process 
alternatives should be further evaluated during preliminary design. A process model output 
summary is included in Appendix A with specific design criteria for each of the unit 
processes, including operating parameters and expected effluent quality. 

5.2 Site Plan 

Figure 5A.8 presents the preliminary site plan for the membrane treatment alternative. The 
layout is based on the conservative assumption that no waivers are obtained from adjacent 
property owners. Therefore, all odor-producing facilities are shown within the 350-feet 
internal setback from the property boundary. The layout assumes that the footprint 
occupied by the effluent recharge basin in the southeast end of the site is used for the 
required treatment facilities. Another assumption is that the footprint currently occupied by 
the older oxidation ditch and the existing secondary clarifiers is reclaimed for the solids 
treatment facilities at buildout.
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6.0 ALTERNATIVES COMPARISON 

The alternatives detailed evaluation is summarized in this section, and includes both 
economic and non-economic comparisons of the conventional treatment process and the 
membrane bioreactor treatment process alternatives. 

6.1 Cost Comparison 

An economic comparison of the two treatment alternatives for buildout conditions is 
presented in Table 5A.6. A more detailed breakdown of capital and operational and 
maintenance costs is included in Appendix B. The economic comparison of the two 
treatment alternatives is based on total life-cycle costs, and include capital costs as well as 
and the present worth cost of the annual operational and maintenance costs over a period 
of 20 years. 

The capital cost of the MBR treatment alternative is approximately 2 percent higher than the 
conventional treatment alternative. The life-cycle costs of the MBR alternative is 
approximately 11 percent higher, which corresponds to a higher annual operations and 
maintenance cost. The conventional treatment alternative represents the lowest-cost option 
between the two alternatives evaluated.  

Table 5A.6 Treatment Alternatives Economic Comparison for Buildout (9.6 mgd) 
Technical Memorandum No. 5A - Alternatives Evaluation 
City of Prescott, Arizona 

Criteria 

Conventional (MLE) 
Treatment 
Alternative 

Membrane (MBR) 
Treatment 
Alternative 

Estimated Construction Cost $121,864,000 $124,512,000 

Annual Operations and Maintenance Costs $3,631,000 $4,860,000 

Total Life-Cycle Cost  (1) $171,744,000 $191,282,000 

Note: 

(1) As present value, assuming life-cycle period of 20 years, interest rate of 6 percent, and escalation 
rate of 2 percent. 

A capital cost comparison of the two treatment alternatives for Phase 1 conditions (3.2 
mgd) is presented in Table 5A.7. A more detailed breakdown of capital costs is included in 
Appendix B. The MBR alternative represents almost a 60 percent higher capital cost 
compared to the conventional (MLE) treatment alternative. These Phase 1 capital costs 
demonstrate that conventional (MLE) treatment is lowest-cost option between the two 
alternatives evaluated.
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Table 5A.7 Treatment Alternatives Economic Comparison for Phase 1 (3.2 mgd) 

Technical Memorandum No. 5A - Alternatives Evaluation 
City of Prescott, Arizona 

Criteria 

Conventional (MLE) 
Treatment 
Alternative 

Membrane (MBR) 
Treatment  
Alternative 

Estimated Construction Cost $30,416,000 $48,272,000 

6.2 Non Economic Evaluation 

The technology evaluation process also considered non-economic factors. These factors 
are subjective but may have a significant impact on the applicability of a technology. The 
non-economic factors identified for the process selection were present worth, consistency 
with existing plant processes, process complexity, reliance on automation, effluent quality, 
foot print and process stability. Table 5A.8 shows a relative comparison of the treatment 
technologies with a score basis of 1 through 10 (higher value corresponding to more 
desirable). A multiplier was also applied to each of the non-economic factors to properly 
weigh those factors most important to the City. The treatment technology with the highest 
overall total score is the most attractive process based on a comparison of these non-
economic factors. 

Table 5A.8 Treatment Alternatives Non-Economic Comparison 
Technical Memorandum No. 5A - Alternatives Evaluation 
City of Prescott, Arizona 

Criteria 
Weighing 

Factor 

Alternative 1 – 
Conventional MLE Alternative 2 – MBR 
Raw 

Score 
Weighted 

Score 
Raw 

Score 
Weighted 

Score 

Consistency with Existing 
Plant Process 

x 2 8 16 4 8 

Process Complexity x 3 8 24 4 12 

Reliance on Automation x 2 8 16 4 8 

Effluent Quality x 3 6 18 10 30 

Foot Print x 2 6 12 8 16 

Process Stability x 3 6 18 8 24 

Instrumentation and Controls 
Intensity 

x 3 8 24 4 12 

Compatibility with Advanced 
Treatment Processes 

x 2 5 10 8 16 

Sustainability and Reuse x 3 6 18 8 24 
TOTAL OVERALL SCORE - - 156 - 150 

Note: 
(1) Comparison of non-economic factors where 10 = best and 1 = worst 



Prescott Sundog WWTP and Airport WRF 
Capacity and Technology Master Plan   

Technical Memorandum No. 5A 
 

                                                                                   5A-39                                                      03/16/2011 
 

    In Association with   

7.0 LIQUID SECONDARY TREATMENT RECOMMENDATION 

The economic evaluation presented in Section 6.1 shows that the capital costs of the 
conventional (MLE) process and the MBR process alternatives are practically the same 
given the accuracy of the cost estimates prepared for this effort. However, the conventional 
(MLE) process alternative has the lowest total life cycle costs, including operation and 
maintenance costs. The conventional (MLE) process also has a significantly lower Phase 1 
capital cost compared to the MBR process alternative. 

The non-economic evaluation presented in Section 6.2 shows that the conventional (MLE) 
process alternative had a higher score (better) than the MBR process alternative when 
considering non-economic factors. 

Based on the results of the economic and non-economic evaluation, and discussions with 
City staff on project workshops, the recommended liquid secondary treatment technology 
for the Airport WRF is the conventional (MLE) activated sludge process. 

It should be noted that a conventional MLE process is compatible with advanced treatment 
processes. Advanced treatment can be achieved by the addition of process units 
downstream of the MLE treatment process, such as membrane filtration and advanced 
oxidation processes. This flexibility allows the City to pursue advanced treatment in the 
future, depending on future requirements and regulations. 
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ES6 TM 6 – AIRPORT WRF CENTRALIZED TREATMENT 
FEASIBILITY ANALYSIS 

 
ES6.1 Introduction 

TM 5S and TM 5A presented recommendations for improvements at the Sundog WWTP 
and Airport WRF based on both plants maintaining treatment for its respective collection 
system tributary areas.  This TM 6 considers discontinuing treatment at the Sundog WWTP, 
conveying all wastewater to the Airport WRF and centralizing treatment at the Airport WRF. 

ES6.2 Existing Facilities 

The existing treatment facilities at the Sundog WWTP and Airport WRF were described in 
detail in TM 3S and TM 3A respectively. 

ES6.3 Reclaimed Water Pipeline Rehabilitation Alternatives 

An 18” / 24” pipeline conveys reclaimed water from the Sundog WWTP to the aquifer 
recharge basins near the Airport WRF.  Converting the Sundog reclaimed water pipeline for 
conveyance of raw wastewater would require rehabilitation for corrosion protection.  Epoxy 
lining could be used to provide corrosion protection, however that approach would provide 
no structural integrity and would required periodic inspection and maintenance.  Since the 
pipeline has not been inspected for 20 years due to continual use, only rehabilitation 
techniques that provide some structural integrity as well as corrosion protection were 
considered.  The following rehabilitation alternatives were considered: 

 Fold & Form 

 Polyvinyl chloride (PVC) or polyethylene (PE) non-reinforced liner. 

 Folded liner pipe reinforced with a circular woven polyester yarn (PRP). 

 Insitaform Polyfold – proprietary fold & form installation process using a 
custom designed close fitting polyethylene (PE) pipe. 
 

 Swagelining 

 Thin wall polyethylene semi-structural liner option. 

 Thick wall polyethylene structural liner option. 
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 Cured In Place Pipe – resin impregnated seamless reconstruction sock type tube 
expanded in place with steam or hot water. 

 Slip Lining – solid thermoplastic liner pipe pulled or pushed into the pipe with the 
annual space filled with grant. 

 Pipe Bursting – using a hydraulically or pneumatically driven cone to burst the 
existing pipe while simultaneously feeding a replacement flexible pipe. 

ES6.4  Existing Reclaimed Water Pipeline Hydraulic Analysis 

The existing reclaimed water pipeline was installed 20 years ago with a design capacity of 
7.5 mgd and Hagen-Williams friction coefficient (C value) of 110.  For the centralized 
treatment approach the required peak wastewater conveyance capacity would be 10.8 
mgd.  In addition, pipe rehabilitation alternatives will reduce the pipe diameter.  After 
rehabilitation with a thin wall smooth liner pipe (C2150) the 24 inch portion of the reclaimed 
water pipeline would provide sufficient for 10.8 mgd, however, the 18 inch segment would 
not. 

ES6.5 Combination Reclaimed Water Pipeline with Airport WRF 

The Sundog reclaimed water pipeline passes near the Willow Creek Intake along Highway 
89 approximately half way between the Sundog WWTP and Airport WRF.  There is an 
existing 24 inch diameter trunk sewer originating near the Willow Creek Intake which 
conveys wastewater to the Airport WRF.  There is the potential to make use of this trunk 
sewer to convey raw wastewater from the Sundog WWTP to the airport WRF in 
combination with the 24 inch portion of the Sundog reclaimed water pipeline. 

ES6.6 Wastewater Conveyance and Reclaimed Water Distribution 

The Prescott Lakes Golf Course and area is currently supplied reclaimed water from the 
Sundog reclaimed water pipeline.  If treatment is discontinued at the Sundog WWTP and 
the reclaimed water pipeline converted to wastewater conveyance, an alternative for 
reclaimed water distribution is required.  Two overall wastewater conveyance and reclaimed 
water distribution alternatives were analyzed.  The recommended alternative is shown in 
Figure ES6.1 and consists of the following elements: 

 Rehabilitation of 24” Sundog reclaimed water pipeline for wastewater conveyance 
from the Sundog WWTP to Prescott Lakes Reclaimed Water PS. 

 Utilizing the new 24” and 30” sewer piping from the Prescott Lakes Reclaimed 
Water PS to the vicinity of the Willow Creek Intake. 
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 Upsizing a proposed trunk sewer from near the Willow Creek Intake to the Airport 
WRF. 

 Continued utilization of the reclaimed water pipeline system for distribution of 
reclaimed water from the Airport WRF to all existing customers, including Prescott 
Lakes via the Prescott Lakes Reclaimed Water PS. 

 New reclaimed water PS at the Airport WRF. 
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ES6.7 Sundog WWTP Improvements 

Under the centralized treatment at the Airport WRF approach, wastewater tributary to the 
Sundog WWTP would be conveyed to the Airport WRF.  However, some minor 
improvements at the Sundog WWTP are still recommended, as follows: 

 Maintain the existing preliminary treatment headworks (influent screens and grit 
removal) with minor improvements to the existing facilities. 

 Provide flow equalization to reduce peak flow requirements in the conveyance 
pipeline. 

 Provide odor control for the existing headworks and proposed flow equalization 
facility. 

ES6.8 Airport WRF Improvements 

The treatment technology recommended for the Airport WRF would be as recommended in 
TM 5A.  The difference for the centralized approach is planning for an ultimate combined 
Sundog WWTP and Airport WRF capacity of 15 mgd rather than 9.6 mgd. 

Planning for the larger ultimate capacity alters the recommended initial capacity and 
subsequent modular expansion capacities.  As noted on Page ES-44, cost estimates in TM 
5A are based on three Airport WRF modules of 3.2 mgd capacity each (9.6 mgd ultimate 
capacity).  Under the centralized treatment approach (TM 6) phasing and cost estimates 
are based on four modules of 3.75 mgd each (15 mgd ultimate capacity).   

The ultimate and Phase 1 design wastewater flows and peaking factors used for evaluation 
of centralized treatment at the Airport WRF are presented in Table ES6.1 and ES6.2. 
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Table ES6.1 Buildout Design Wastewater Flows and Peaking Factors 
Technical Memorandum No. 6 – Airport WRF, City of Prescott, Arizona 
Centralized Treatment Feasibility Analysis 

Flow Criteria 

Airport WRF 
Buildout 

Flow, mgd(1) 

Sundog 
WWTP 

Buildout 
Flow, mgd 

(1,2) 

Combined 
Buildout 
Flow at 
Airport 

WRF, mgd 
(1,3) 

Combined 
Hydraulic 
Peaking 

Factor (1,3) 

Annual Average Day Flow 9.6 5.4 15.0 1.00 
Maximum Month Average Day 13.4 10.8 24.2 1.62 
Peak Day 19.2 10.8 30.0 2.00 
Peak Hour 28.8 10.8 39.6 2.64 
Notes: 
(1) Based on historical data analysis between January 2006 and April 2009. All peaking factors are 

relative to the annual average day flow. 
(2) Based on the assumption that flow equalization facilities and/or collection system improvements 

result in peaking factors no greater than 2.0 for the Sundog WWTP service area flows. 
(3) Based on the assumption that peak flows for the Airport WRF and Sundog WWTP service areas 

coincide when combined at the Airport WRF. 

 

Table ES6.2 Phase 1 Design Wastewater Flows and Peaking Factors  
Technical Memorandum No. 6 – Airport WRF, City of Prescott, Arizona 
Centralized Treatment Feasibility Analysis 

Flow Criteria Phase 1 Flow, mgd 
Hydraulic Peaking 

Factor(1) 
Annual Average Day Flow 3.75 1.0 
Maximum Month Average Day 5.25 1.4 
Peak Day 7.50 2.0 
Peak Hour 11.25 3.0 
Note: 
(1) Based on historical data analysis between January 2006 and April 2009. All peaking factors are 

relative to the annual average day flow. 

For centralized treatment at the Airport WRF, design wastewater characteristics are a 
compilation of characteristics observed at the existing Sundog WWTP and Airport WRF, 
Design characteristics for centralized treatment at the Airport WRF are presented in Table 
ES6.3. 
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Table ES6.3 Design Wastewater Characteristics  
Technical Memorandum No. 6 – Airport WRF, City of Prescott, Arizona 
Centralized Treatment Feasibility Analysis 

Design Parameter Unit 
Annual 

Average Day 
Maximum Month 
Average Day (1) 

Flow mgd 3.75 5.25 

BOD mg/L 322 383 
TSS mg/L 504 633 
TKN mg/L 34.6 41.2 
Ammonia N mg/L 29.5 35.1 
Alkalinity mg/L 250 250 
Temperature C  18.4 12.4 

Note: 
(1) Based on the assumption that the maximum month load (ppd) coincides with the maximum 

month flow (mgd). 

Figure ES6.2 presents a site plan of the recommended Airport WRF improvements for 
centralized treatment. 
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ES6.9  Decentralized Versus Centralized Treatment Comparison 

The two approaches were evaluated based on economic and non-economic criteria. 

ES6.9.1 Economic Comparison 

A capital cost operating cost and present worth comparison of decentralized treatment 
versus centralized treatment are presented in Tables ES6.4 and ES6.5 respectively.  The 
capital costs for decentralized treatment were brought forward from TM 5S and TM 5A. 

 

Table ES6.4 Capital/Operating Cost and Present Worth for Decentralized Treatment at 
Sundog WWTP and Airport WRF 
Technical Memorandum No. 6 – City of Prescott, Arizona 
Centralized Treatment Feasibility Analysis 

 
Capital Cost,   

$ mil 
Operating Cost 

$ mil/yr 
Present Worth,1 

$ mil 

Sundog WWTP (5.4 mgd) (Build-out) 75.1 2.60 110.75 

Airport WRF (9.6 mgd) (Build-out) 115.4 3.63 160.63 

 190.5 6.23 271.38 

Note: 
1  20 yr Present Worth @ 5% interest. 

 

 

Table ES6.5 Capital/Operating Cost and Present Worth for Centralized Treatment at 
Airport WRF 
Technical Memorandum No. 6 – City of Prescott, Arizona 
Centralized Treatment Feasibility Analysis 

 
Capital Cost,      

$ mil 
Operating Cost 

$ mil/yr 
Present Worth,1 

$ mil 

Sundog WWTP  10.4 0.5 17.27 

Conveyance 5.3 0.2 8.05 

Airport WRF (15 mgd) 160.7 4.73 225.66 

 176.4 5.43 250.98 

Note: 
1  20 yr Present Worth @ 5% interest. 
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ES6.9.2 Non-Economic Comparison 

The following non-economic criteria were used to compare decentralized versus centralized 
treatment: 

 Effluent Quality & Permit Compliance 

 Aging Infrastructure 

 Operational Complexity 

 Staffing/Requirements 

 Training 

 Ease of Maintenance 

The criteria were weighted by importance from 1 to 4 and given a rating score from 1 to 10.  
Results of the non-economic comparison are presented in Table ES6.6. 

Table ES6.6    Non-Economic Factor Comparison 
Technical Memorandum No. 6 – Airport WRF, City of Prescott, Arizona 
Centralized Treatment Feasibility Analysis 

 Weighting 
Factor 

Continued Decentralized 
Treatment at Sundog 

WWTP and Airport WRF 

Centralized Treatment at 
Airport WRF 

 

Raw Score Weighed 
Score 

Raw Score Weighed 
Score 

Effluent Quality x 5 7 35 8 40 

Aging  
Infrastructure 

x 4 6 24 9 36 

Operational  
Complexity 

x 4 5 20 7 28 

Staffing/Training 
Requirements 

x 3 5 15 7 21 

Ease of  
Maintenance 

x 4 5 20 7 28 

TOTAL                         114                       153 

Note: 
1. Comparison of non-economic factors where 10 = best and 1 = worst 
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ES6.10 Alternative Phasing and Capital Improvement Plans 

The previous economic comparison was based on the costs of ultimate build-out facilities.  
Differences in phasing, initial cost and long term capital improvement plans were also 
reviewed relative to decentralized versus centralized treatment. 

ES6.10.1 Centralized Treatment Phasing Plan 

Projected flow curves for the Sundog WWTP (Figure ES6.3) and combined Sundog WWTP 
and Airport WRF (Figure ES6.4) flows were used to ideify timing of phased expansions for 
centralized treatment and the time frame for the City to decide between the centralized and 
decentralized treatment approaches. 
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Figure ES6.3  Flow Increase Curves – Sundog WWTP 
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Figure ES6.4  Flow Increase Curves – Combined Sundog WWTP and Airport WRF 

Based on flow projections, Figure ES6.5 identifies a schedule of improvements and an 
associated capital improvements program for centralized treatment. 

The time to decide between centralized versus decentralized treatment depends on the life 
expectancy of the Sundog WWTP.  Based on Figure ES6.3, that point is projected to occur 
in 2019.  Allowing for time to design and implement improvements in 3 years, the decision 
point is identified in 2016. 
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 - Airport Phase I - 3.75 mgd

 - Airport Phase II - 7.5 mgd

 - Sundog WW Flow Conveyance & Flow Equalization

 - Airport Phase III - 11.25 mgd
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Figure ES6.5  Centralized Treatment CIP 

ES6.10.2 Decentralized Treatment Phasing Plan 

Figure ES6.6 presents the schedule of individual plant improvements and an associated 
capital improvements program for the decentralized treatment approach. 

A comparison of cumulative capital costs for the centralized versus decentralized 
approaches is presented on Figure ES6.7. 
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 - Sundog Filter Replacement, Denitrification Improvements, Temporary Dewatering Facility and Odor Control

 - Airport WRF Expansion to 3.2 mgd

 - Sundog Expansion to 3.6 mgd

 - Airport WRF Expansion to 6.4 mgd
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Figure ES6.6  Decentralized Treatment Plants CIP 

 
Figure ES6.7  Cumulative Capital Cost Comparison 
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ES6.11 Conclusions 

The economic comparison (20-year present worth), non-economic comparison and the 
comparison of phasing plans and corresponding capital improvement plans show minor 
difference between centralized treatment at the Airport WRF and decentralized treatment at 
the Airport WRF and Sundog WWTP.  It is recommended the City maintain both options for 
as long as possible.  As such the following recommendations and conclusions are 
appropriate. 

 Plan the first phase of the Airport WRF improvements for 3.75 mgd of capacity 
which provides the flexibility for either approach. 

 Recognize that an initial capacity of 3.75 mgd for the Airport WRF does not dictate 
the centralized treatment approach. 

 Plan to make a decision on centralized treatment 2016, provided the actual flow 
increases are consistent with the projections herein. 

 Recognize that if actual flow increase are less than projected the centralized 
treatment decision can be postponed beyond 2016. 

 Consider collection system alternatives to divert flow away from the Sundog WWTP 
to the Airport WRF.  This will in effect prolong the life expectancy of the Sundog 
WWTP and postpone the centralized treatment decision point. 

 Consider more aggressive approach to solving I/I problem vs. providing flow 
equalization 
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1.0 Introduction 

Given the estimated capital and operating costs associated with the recommended 
improvements at the Sundog WWTP and given the age and condition of the existing 
facilities at that plant, the City of Prescott wishes to conduct an analysis to see if it is 
feasible to eliminate most treatment processes at the Sundog WWTP and convey all 
wastewater to the Airport WRF for centralized treatment at a single facility. 
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2.0 Existing Facilities 

2.1 Wastewater Treatment Facilities 

The existing wastewater treatment facilities at the Sundog WWTP are described in TM #3S 
– Sundog WWTP Existing Conditions.  The wastewater treatment facilities at the Airport 
WRF are described in TM #3A – Airport WRF Existing Conditions.   

2.2 Conveyance Facilities 

There is an existing transmission pipeline that conveys reclaimed water from the Sundog 
WWTP to the recharge ponds at the Airport WRF, as shown in Figure 2.1.  This pipeline 
begins at the reclaimed water storage ponds at the Sundog WWTP and could potentially be 
converted to a wastewater pipeline.  The existing pipeline is an 18-inch and 24-inch 
diameter concrete cylinder pipe (CCP).  The reclaimed water pipeline runs north, parallel to 
State Route (SR) 89 for approximately 4 miles to SR 89-A near the Antelope Hills Golf 
Course.  Approximately 0.5 miles before SR 89-A, the pipeline size reduces to 18-inch 
diameter.  At SR 89-A, the 18-inch CCP turns east adjacent to the Antelope Hills Golf 
Course and runs along the airport commercial/industrial park area to the Airport WRF 
recharge ponds.  The flow in this transmission pipeline is by gravity and was designed for a 
maximum flow capacity of 7.5 mgd.  There are three primary branch lines connecting to the 
main pipeline and these branches distribute reclaimed water to: (1) the Prescott Lakes Golf 
Course, (2) the Antelope Hills Golf Course, and (3) Hanson Aggregate.  The reclaimed 
water demands at these locations peak during summertime irrigation demand periods.    
Monthly demands during Year 2009 are shown in Figure 2.2 to illustrate typical seasonal 
demands for these users.  There is also a secondary distribution line that runs west through 
the Rifle Ranch.  A second 12-inch reclaimed water pipeline feeds the Antelope Hills Golf 
Course through a pump station at the Airport WRF.  The City also has the ability to pump 
groundwater from the Airport WRF into the reclaimed water pipeline and back feed the 
system to meet reclaimed water demands. 





 

                                                                                   6-4                                                      03/16/2011     In Association with   

 

In addition to recharging reclaimed water, the City of Prescott recharges surface water from 
Granite Creek and Willow Creek via two intake structures and a transmission pipeline to the 
Airport WRF.  Upgrades to this pipeline are currently under design in a separate project. 

Near the Willow Creek Intake, there is an existing 24-inch diameter PVC trunk sewer Hobas 
(new) and Clay (existing) conveying wastewater to the Airport WRF (see Figure 2.1).  Since 
this trunk sewer crosses the 24-inch reclaimed waterline in this location, the alternative to 
discharge wastewater from the converted reclaimed water pipeline into this trunk sewer will 
also be considered. 

Figure 2.2
2009 Reclaimed Water Demands
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3.0 Reclaimed Water Pipeline Rehabilitation Alternatives 

The existing reclaimed water pipeline could be used to convey wastewater from the Sundog 
WWTP to the Airport WRF, but would require pipeline rehabilitation for this service. 

3.1 Overview of Rehabilitation Alternatives 

The existing reclaimed water pipeline is not known to be leaking or have 
structural/corrosion damage, although there has been no comprehensive inspection of the 
pipeline since its construction approximately 20 years ago, because it can’t be isolated.  
Pipe rehabilitation is recommended to achieve proper protection from corrosion due to 
conveyance of wastewater.  A collateral benefit of rehabilitating the pipeline may be to 
eliminate unknown leaks and provide additional structural capacity in the pipeline. 

Nonstructural pipeline rehabilitation techniques include cement mortar lining, joint sealing, 
and epoxy lining.  Only epoxy lining would provide the necessary corrosion protection for 
raw wastewater service.  This alternative could be considered and would represent a lower 
cost option.  However, regular inspections would be recommended approximately every 3 
years in order to identify any lining failures that develop over time and there would be 
downtime associated with any repairs that are needed.  For this evaluation only 
rehabilitation techniques that provide some structural integrity will be considered. 

A number of internal lining techniques are available for rehabilitation of the reclaimed water 
pipeline that provide corrosion protection and some structural integrity.  Factors to consider 
in evaluation of these techniques include hydraulic flow requirements, constructability 
issues, reconnection of branch (distribution) lines, and costs.  This technical memorandum 
briefly evaluates and discusses the technical feasibility of internal liner rehabilitation 
techniques that could be implemented and recommends a preferred alternative(s) and 
associated costs to be used in the feasibility analysis for conveyance of Sundog WWTP 
influent flow to the Airport WRF. 

3.1.1 Fold & Form 

A Fold & Form system is a 
trenchless rehabilitation system that 
uses folded pipes placed into the 
existing pipeline and then expanded 
using pressure and/or heat.  The 
Fold & Form system typically uses 
polyvinyl chloride (PVC) or 
polyethylene (PE) pipe and once 
expanded provides a tight fit to the 
existing pipeline.   

       Fold & Form lining before and after 
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3.1.1.1 Non-reinforced 

The Fold & Form option is available as a non-reinforced liner.  This would be a typical PVC 
or PE pipe folded and then expanded within the pipeline.  This option would stop leaks, 
span holes, provide internal corrosion protection and possibly increase the Hazen-Williams 
roughness coefficient (C-value).  The non-reinforced option of the Fold & Form liner 
rehabilitation would be less expensive than the reinforced option.  This option may also be 
slightly easier to install and expand as opposed to the reinforced Fold & Form option. 

3.1.1.2 Reinforced 

The Fold & Form option is also available as a reinforced liner.  This would be a folded pipe 
reinforced with a circular woven polyester yarn (PRP) or similar material that is expanded 
within the pipeline.  This option would stop leaks, span holes, provide internal corrosion 
protection, provide enhanced structural support and possibly increase the Hazen-Williams 
roughness coefficient (C-value).  
 
3.1.1.3 Insituform Polyfold® 

This proprietary installation process is similar to fold and form but uses a close fitting 
polyethylene pipe (PE) that is custom designed to match the existing conditions for the pipe 
to be rehabilitated.  The pipe is fused together in length for the project and then held 
together by bands that are broken after installation into the host pipe as shown in Figure 
3.1.  This process allows for longer than traditional fold and form lengths to be installed. 
The polyethylene can be thin walled to minimize the area loss or thick walled to provide the 
required strength to span openings. 

   
                  

 
 
 
 
 

Figure 3.1  PE Pipe in Insituform Polyfold Machine 
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3.1.1.4 Advantages of Fold & Form 

The following are some of the advantages of Fold & Form liner rehabilitation: 

 Minimal cross sectional loss 

 Tightly fits to existing pipeline 

 Improved C-value 

 Negotiates sweeping bends 

 Branch connections can be re-opened remotely 
 
3.1.1.5 Disadvantages of Fold & Form 

The following are some of the disadvantages of Fold & Form liner rehabilitation: 

 Requires excavation for reconnection of branch lines 

 Limited installation distance for 24” pipe (excludes Insituform) 

 May move after installation (excludes Insituform) 

3.1.2 Swagelining 

Swagelining is a trenchless rehabilitation technique that involves running the pipe through a 
die to slightly reduce its diameter and allow it to be pulled through the host pipe. The liner is 
kept under tension which maintains the reduced diameter allowing it to pass through the 
existing pipeline.  Once through, the tension is relieved and the new lining will elastically 
recover to its original dimensions.  If necessary heat may be added to further enhance this 
process. 

 
 
 
 
 

3.1.2.1 Swagelining with Thin PE 

Because of the reduced thickness, swagelining with thin polyethylene is only a semi-
structural liner option.  However, this option would be less expensive and have a smaller 

      Figure 3.2  Demonstration of Swage Lining Entering Existing Pipeline 
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inside diameter (ID) than the thick polyethylene option.  This option would stop leaks, span 
holes, provide internal corrosion protection and possibly increase the C-value.  

3.1.2.2 Swagelining with Thick PE 

Because of the increased thickness, swagelining with thick polyethylene is considered a 
structural option.  This option would stop leaks, span holes, provide internal corrosion 
protection, provide enhanced structural support and possibly increase the C-value.  

3.1.2.3 Advantages of Swagelining 

The following are some of the advantages of Swagelining rehabilitation: 

 Minimal cross sectional loss 

 Tightly fits to existing pipeline 

 Improved C-value 

 Branch connections and taps can be made easily 

3.1.2.4 Disadvantages of Swagelining 

The following are some of the disadvantages of Swage liner rehabilitation: 

 Impacts of placing the pipe in tension reduces strength 

 May require larger construction trenches 

 Requires skilled labor, limited contractors can perform this work 

 Does not easily navigate bends 

 The liner may crack when making service connections 

3.1.3 Cured In Place Pipe (CIPP) 

Cured in place pipe is a seamless pipe within a 
pipe that is expanded and solidified once inside.  
This option utilizes resin transported through a 
matrix of materials.  This matrix may consist of 
either felt or woven polyester fibers.  Once in place 
either steam or hot water is used to expand and 
cure the resin causing a tight fitting bond upon the 
current internal pipeline wall.  

Another option that is viable is to reverse the tubing 
at the start of an opening and allow water pressure 
to carry the CIPP liner in place throughout the pipe.  
This method is represented in Figure 3.3.   Figure 3.3  Demonstration   

of Reverse CIPP Lining 
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3.1.3.1 Advantages of CIPP 

The following are some of the advantages of CIPP liner rehabilitation: 

 Minimal cross sectional loss 

 Tightly fits to existing pipeline 

 Improved C-value 

 Easily navigates bends 

 Minimal construction footprint 

 Branch lines can be reconnected remotely 

3.1.3.2 Disadvantages of CIPP 

The following are some of the possible disadvantages of CIPP liner rehabilitation: 

 Installation is more complex 

 Installation distance is limited compared with other options and this can increase 
construction costs 

3.1.4 Slip-Lining 

Slip-lining is the addition of a thermoplastic 
liner applied directly into the existing 
pipeline.  Typically the new pipe is thermally 
fused above ground to create one 
uninterrupted pipeline.   This method can 
use any flexible thermoplastic liner.  It is 
pushed through the pipeline from the inlet 
or pulled through the existing pipeline from 
the outlet.   

3.1.4.1 Advantages of Slip-Lining 

The following are some advantages of Slip-Lining rehabilitation: 

 Improved C-value 

 Easy construction 

3.1.4.2 Disadvantages of Slip-Lining 

The following are some disadvantages of Slip-lining rehabilitation: 

 Significant cross sectional area loss 

 Annulus space must be grouted 

      Figure 3.4  Slip-Lining 
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 Does not easily navigate bends 

 May require large construction trenches 

 Possible difficulty reconnecting service lines and branches 

3.1.5 Pipebursting 

Pipebursting is the technique used to replace an existing pipe with a new one in the same 
location as the old one.  This is done either pneumatically or hydraulically with a cone 
shaped tool by “bursting” the in place pipe while at the same time feeding a flexible pipe 
along behind it.  Depending upon the method of installation either continuous flexible piping 
can be installed or individual pieces can be implemented depending upon the desired 
construction footprint.  

 

 
 
 
 
3.1.5.1 Advantages of Pipebursting 

The following are some of the possible advantages of Pipebursting and Pipe Splitting: 

 Improved C-value of pipe installed 

 Pipe diameter can be increased to provide additional flow capacity to meet projected 
demands 

3.1.5.2 Disadvantages of Pipebursting 

The following are some of the possible disadvantages of Pipebursting and Pipe Splitting: 

 May require large construction trenches 

 May have difficulty bursting concrete cylinder pipe 

 Existing soil conditions (cobbles and boulders) can create difficulty 

 Limited lengths can be installed at a single setup 

 Possible difficulty at connections 

Figure 3.5  Demonstration of Pipebursting 
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3.2 Critical Pipe Rehabilitation Technique Selection Factors  

This section provides a discussion of the critical factors in recommending a pipe 
rehabilitation techniques. 

3.2.1 Cross Sectional Impact 

The cross sectional impact of pipeline rehabilitation has a potentially significant impact on 
hydraulic capacity.  Although the majority of the options decrease the inside diameter, other 
factors such as the effect of the liner on the C-value also must be considered.  Most of the 
options increase the pipe’s effective C-value which, depending upon the reduction in 
diameter, can minimize capacity loss and potentially increase hydraulic capacity.   

The original reclaimed water pipeline was designed for a maximum capacity of 7.5 mgd.  
The build-out capacity of the Sundog WWTP is 5.4 mgd according to the City’s Collection 
System Master Plan.  Flow equalization facilities are planned for the Sundog WWTP that 
will equalize flows above maximum monthly flows with a peaking factor of 2.0; therefore, 
the converted pipeline must convey 10.8 mgd of raw wastewater to the Airport WRF.  A 
preliminary hydraulic evaluation of the various alternatives suggests that slip lining and any 
thick walled pipe alternatives may result in excess cross sectional area loss and a flow 
capacity less than the required 10.8 mgd. 

3.2.2 Constructability 

Constructability of a rehabilitation technique is an important factor as it can impact the time 
required to complete the work and material and/or labor costs directly.  Some methods such 
as sliplining and fold and form require minimal skill to install whereas a technique like 
pipebursting, CIPP, and Swagelining may require a much more skilled labor crew.  For this 
relatively long pipeline (7 miles) alternatives such as fold and form, Swagelining, and slip 
lining offer significantly longer installation distance in a single set up for a contractor (runs in 
excess of 1,000 feet are possible).  This may offer a cost advantage for these alternatives.  
There are two constructability considerations that may preclude pipe bursting: (1) it may be 
difficult to burst CCP and (2) certain soil conditions (hard soil and very well compacted soil) 
may preclude pipe bursting.  Alternatives such as slip lining and pipe bursting require large 
trenches for installation compared with other options.  Swagelining and slip lining do not 
easily navigate bends in the existing piping system and this could increase the number of 
excavations required for successful installation.  All alternatives would require extensive by-
pass pumping to maintain the reclaimed water pipeline in service during the rehabilitation 
efforts. 

3.2.3 Reconnection of Branch Lines 

The reconnection of branch lines is important to any rehabilitation job.  This project contains 
a limited number of branch lines that will require reconnection once the rehabilitation 
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process is complete.  While some methods can remotely install the connections others 
require manual installation. 

3.2.4 Costs 

There are several factors that are to be considered in developing the estimated cost for the 
alternatives.  The factors include unexpected construction or bidding conditions, variations 
in material costs, and potential environmental and political impacts.  Each of the 
alternatives will require the cost for excavation of pits for construction, traffic control costs, 
and by-pass pumping impacts.   In addition to rehabilitation costs, the total project cost 
includes expenditures for engineering services, contingencies, legal, administrative and 
financing services.  These additional costs are estimated to be 50% of the rehabilitation 
cost.  Cost estimates are not intended to represent the lowest price which may be achieved 
but are to provide a method for comparison of alternatives to complete the work.  

Following are estimated project costs for the most promising alternatives for rehabilitating 
the existing 24-inch CCP and are based upon estimates without the use of field data or 
formal preliminary design.  The estimated costs are developed based on experience from 
similar projects, discussions with contractors, input from vendors, and published cost 
estimates.    

 Fold & Form - $150/ft x 1.5 = $225/ft 

 Insituform Polyfold - $200/ft x 1.5 = $300/ft 

 Swagelining - $175/ft x 1.5 = $262/ft 

Based on this cost data, we recommend using $260 per foot for rehabilitating the 24-inch 
CCP and $210 per foot for the 18-inch CCP for this feasibility analysis. 

3.3 Planning Level Pipe Rehabilitation Conclusions 

The most promising rehabilitation alternatives for this feasibility analysis are fold & form, 
Insituform Polyfold, and Swagelining.  These methods provide the tight fit, thin walled liner 
that minimizes cross sectional area loss in the existing pipe.  
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4.0 Existing Reclaimed Water Pipeline Hydraulic Analysis 

The existing reclaimed water transmission pipeline was designed approximately 20 years 
ago with a design capacity of 7.5 mgd.  Figure 4.1 shows a hydraulic profile of the pipeline 
at the design flow and with a Hazen-Williams friction coefficient (C value) of 110 that 
confirms this capacity.  If the existing pipeline were used to convey wastewater at the 
higher required capacity of 10.8 mgd without rehabilitation (C = 110), the pipeline would not 
have sufficient capacity.  Even if the existing transmission pipeline is rehabilitated with thin 
smooth wall piping (C = 150), the hydraulic grade line drops below the pipeline before 
reaching the Airport WRF and therefore does not have sufficient capacity – see Figure 4.2.  
The loss in cross sectional area due to a slightly smaller diameter and the friction loss in the 
18-inch piping are too large to be offset by the smoother pipe wall (larger C value).  
However, the upstream 24-inch piping does provide sufficient capacity. 
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5.0 Combination Reclaimed Water Pipeline with Airport WRF 
Trunk Sewer 

5.1 Airport WRF Trunk Sewer  

As noted in Section 2.0, near the Willow Creek Intake there is an existing 24-inch diameter 
trunk sewer conveying wastewater to the Airport WRF (see Figure 2.1).  There is the 
potential to make use of this trunk sewer to assist in conveying raw wastewater flows from 
the Sundog WWTP to the Airport WRF in combination with the 24-inch reclaimed water 
pipeline between the Sundog WWTP and the Willow Creek Intake.  According to the 
Collection System Master Plan, this trunk sewer is scheduled to be upgraded with a parallel 
trunk sewer to convey projected flows to the Airport WRF through build-out conditions.  
Table 5.1 shows the pipe diameter and pipe lengths associated with the future parallel trunk 
sewer from the master plan.  In order to accommodate the increased flows associated with 
eliminating treatment at the Sundog WWTP, this parallel trunk sewer would need to be 
increased by one pipe size for each length, as shown in Table 5.1.  The cost increase for 
upsizing the replacement trunk sewer to a larger size is then calculated in Table 5.1 based 
on an assumed cost increase of $10 per inch diameter, per foot of sewer pipe.  The total 
cost to increase the size of the trunk sewer is approximately $990,000. 
 
Table 5.1       Estimated Cost to Upsize Trunk Sewer 

Technical Memorandum No. 6 – Airport WRF, City of Prescott, Arizona 
Centralized Treatment Feasibility Analysis 

Trunk Sewer Master Plan 
Recommendation At Build-Out 

Upsize Recommendation For 
Additional 10.8 mgd Sundog Flow 

Estimated 
Upsize Cost 

Pipe Diameter (in) Length (ft) Pipe Diameter (in) Length (ft)  

24 3,200 27 3,200 $     96,000 

24 4,200 30 4,200 $   252,000 

30 2,700 36 2,700 $   162,000 

36 8,000 42 8,000 $   480,000 

Total 18,100  18,100 $   990,000 
 

5.2 Replace or Rehabilitate the Reclaimed Water Pipeline  

One alternative to convey wastewater from the Sundog WWTP to the trunk sewer is by 
rehabilitating the existing 24-inch reclaimed water pipeline from the Sundog WWTP to the 
Willow Creek Intake.  The hydraulic analysis for this option is presented in Figure 5.1.  The 
rehabilitated pipeline shows sufficient hydraulic capacity assuming a peak flow of 10.8 mgd 
and C=150. 
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Figure 5.1
HYDRAULIC PROFILE - REHABILITATE EXISTING 24" TO WILLOW CREEK INTAKE

Q=10.8 mgd / C=150 (Thin Walled Lining)
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Another alternative for consideration is to replace a portion of the existing reclaimed water 
pipeline from the Sundog WWTP to the Willow Creek Intake vicinity.  The hydraulic analysis 
for this alternative is summarized in Figure 5.2.  There would be three sections of piping or 
rehabilitation segments associated with the 24-inch reclaimed water from the Sundog 
WWTP to the Willow Creek Intake vicinity: (1) the first section is assumed to be 
rehabilitation of the existing 24-inch CCP from the Sundog WWTP, across the Watson 
Woods Riparian Preserve, to SR 89, (2) section two is a new 24-inch HDPE sewer along 
SR 89 for approximately 7,100 feet, and (3) the third section is a new 18-inch HDPE sewer 
along SR 89 to the Willow Creek Intake vicinity.  Wastewater would then discharge into the 
upsized trunk sewer for conveyance to the Airport WRF.  Assuming a design flow of 10.8 
mgd and a Hazen-Williams C-factor of 150, the hydraulic capacity of this wastewater 
pipeline appears sufficient since the hydraulic grade line is at or above the pipe.   
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We note that this alternative assumes that there is sufficient space along SR 89 for 
constructing a new pipeline.  This may be challenging as there appears to be very little 
space along the highway through the Dells.  Also, there is potential for rock excavation 
through the Dells that could be problematic for constructing a new pipeline.  There has 
been no detailed pipe alignment study with an easement analysis, utility evaluation, and 
geotechnical investigation.  This detailed study is recommended before pursuing this 
alternative.  Also, a more detailed hydraulic analysis is recommended should this 
alternative be considered further.



Prescott Sundog WWTP and Airport WRF 
Capacity and Technology Master Plan 

Technical Memorandum No. 6 

 

                                                                                   6-18                                                      03/16/2011     In Association with   

6.0 Reclaimed Water and Wastewater Conveyance Alternatives 

Based on the analysis above, two alternatives are identified for conveying raw wastewater 
from the Sundog WWTP to the Airport WRF.  Alternative No. 1 converts the existing 
reclaimed water pipeline between the Sundog WWTP and the trunk sewer near the Willow 
Creek Intake to wastewater service, as depicted in Figure 6.1.  From that point, wastewater 
would be diverted into the existing (upsized) trunk sewer going to the Airport WRF.  In order 
to continue to furnish reclaimed water to existing users, a new reclaimed water pump 
station at the Airport WRF is required that will pump through the existing 18-inch reclaimed  
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 water pipeline.  In addition, the existing 12-inch reclaimed water branch line that goes west 
through Rifle Ranch needs to be extended around Willow Lake to the Prescott Lakes Golf 
Course.  At the Sundog WWTP, screening and grit removal will continue followed by a new 
flow equalization basin to store wet weather flows above 10.8 mgd.  A new wastewater 
pipeline will connect the flow equalization basin to the existing (converted) reclaimed water 
pipeline at the effluent storage ponds. 

Alternative No. 2 is similar to Alternative No. 1, except that the existing 24-inch reclaimed 
water transmission pipeline along SR 89 is rehabilitated from the plant to the existing 
Prescott Lakes Pump Station on SR 89 and replaced with new sewer piping from this point 
to the vicinity of the Willow Creek Intake.  This alternative is shown in Figure 6.2.  By 
maintaining the existing reclaimed water pipe segment from the Prescott Lakes Pump 
Station to the Willow Creek Intake, this pipe can convey reclaimed water to the Prescott 
Lakes Pump Station without the need for a new 12-inch reclaimed water pipeline around 
Willow Lake, saving considerable capital cost. 

Both alternatives eliminate gravity feed of reclaimed water to end users from the Sundog 
WWTP reclaimed water transmission pipeline.  All reclaimed water must be conveyed from 
the Airport WRF with a new pumping station.  Figure 2.2 summarized the reclaimed water 
demands to three major end users of reclaimed water.  The Antelope Hills Golf Course 
currently receives reclaimed water by gravity from the reclaimed water transmission 
pipeline and from a pump station at the Airport WRF.  For this feasibility analysis, it is 
assumed that the gravity flows to the Antelope Hills Golf Course, the Prescott Lakes Golf 
Course, and Hanson Aggregate will now be furnished through a new reclaimed water pump 
station near the Airport WRF.  The reclaimed water demands during 2009 furnished by the 
reclaimed water transmission pipeline were as follows: 

 Annual average flow rate = 0.73 mgd 

 Maximum month flow rate = 1.41 mgd 

 Peak day flow rate = 2.50 mgd 

This analysis assumes three pumps rated at 1.25 mgd each and a total dynamic head of 
450 feet with 150 hp motors to accommodate these demands.  The capital cost and 
operating costs for this pump station are included for both alternatives. 

The capital cost associated with each alternative is summarized in Table 6.1 below, 
excluding electrical, instrumentation & control, HVAC, and contingencies.  There is very 
little difference between these alternatives in terms of operating costs.  All alternatives 
require pumping of all reclaimed water to end users.  Therefore, Alternative No. 2 is 
recommended for planning purposes, since this represents the lowest capital cost 
alternative. 
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Table 6.1       Capital Cost Comparison – Alternatives for Conveying Wastewater  
 to the Airport WRF 
Technical Memorandum No. 6 – Airport WRF, City of Prescott, Arizona 
Centralized Treatment Feasibility Analysis 

 
Facilities Required 

        Capital Cost Estimate 
Alternative  

No. 1 
 Alternative 

No. 2 
    

Rehabilitate Reclaimed Water Piping 
from Sundog to Willow Creek Intake 

$4,300,000  NA 

Rehabilitate Reclaimed Water Piping 
from Sundog to SR 89;  Install new 
18”/24” Wastewater to Willow Creek 
Intake 

NA  $1,897,000 

Upsize Trunk Sewer from Willow 
Creek Intake to the Airport WRF 

$990,000  $990,000 

New Reclaimed Water Pump Station 
at the Airport WRF 

$500,000  $500,000 

New 12-inch Reclaimed Water 
Pipeline from Airport to Intersection 
of 89/89-A 

NA  NA 

Pipeline Tunnels at 89 and Pioneer 
Parkway 

NA  NA 

New 12-inch Reclaimed Water 
Pipeline to Prescott Lakes Golf 
Course 

$1,680,000  NA 

Totals = $7,470,000  $3,390,000 
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7.0 Sundog WWTP Improvements 

For centralized treatment at the Airport WRF, it is assumed that the existing screening and 
grit removal facilities would remain in place at the Sundog WWTP, followed by new flow 
equalization facilities to store peak wet weather flows greater than 10.8 mgd.  The total 
volume required for flow equalization is 9 million gallons (MG) and this was determined with 
recent wet weather flow data in TM No. 4.  Continued screening and grit removal are 
recommended due to potential periods of low velocity in the converted reclaimed water 
transmission pipeline.  The new flow equalization facilities would require a cover, 
ventilation, odor control and pumping facilities.  All other existing facilities would not be 
required and all treatment beyond preliminary treatment for screenings and grit removal 
would be eliminated.  Septage and grease would be diverted to the Airport WRF in lieu of 
treatment at the Sundog WWTP and there would be no need for effluent storage ponds.  
The new flow equalization facilities would be connected by pipeline to the existing 
reclaimed water pipeline (converted to wastewater service).  The majority of the site could 
potentially be re-developed by the City while maintaining a buffer zone around the 
preliminary treatment and flow equalization facilities.  However, no cost associated with 
demolition or re-development is included in this analysis.  Table 7.1 gives the approximate 
capital costs for eliminating treatment at the Sundog WWTP with this approach. 

 
Table 7.1        Capital Cost to Eliminate Treatment at the Sundog WWTP 

Technical Memorandum No. 6 – City of Prescott, Arizona 
Centralized Treatment Feasibility Analysis 

Item                      Cost 
Flow Equalization Basin, Odor Control & Pumping $   5,555,000
New Wastewater Piping $      330,000

Subtotal $   5,885,000
Electrical (20%) $   1,177,000
Instrumentation & Control (15%) $      883,000
General Requirements (15%) $      883,000

Subtotal $   8,882,000
Contingencies (20%) $   1,766,000

Subtotal $ 10,648,000
Contractor Overhead & Profit (15%) $   1,597,000

Subtotal $ 12,245,000
Tax (5%) $      612,000

Total Probable Construction Cost $ 12,857,000



Prescott Sundog WWTP and Airport WRF 
Capacity and Technology Master Plan 

Technical Memorandum No. 6 

 
 

                                                                                   6-24                                                      03/16/2011     In Association with   

8.0 Airport WRF Improvements 

The Airport WRF centralized treatment alternative concept assumes that treatment for all 
wastewater flows (and the associated biosolids) generated in the City is concentrated at the 
Airport WRF site. This section summarizes the evaluation of the required improvements at 
the Airport WRF site to achieve the goal of centralizing treatment at one location, while still 
maintaining a first phase of improvements that allows the City to gradually transition from a 
two-plant approach to a centralized treatment approach. 

8.1 Design Wastewater Flows 

The combined buildout annual average day flow (AADF) for the Airport WRF and Sundog 
WWTP tributary areas is 14.8 mgd (City of Prescott Wastewater Master Plan). For the 
purposes of this technology assessment and site master planning project, the buildout 
capacity was established at 15 mgd (9.6 mgd from Airport WRF and 5.4 mgd from Sundog 
WWTP).  

The wastewater flow peaking factors for the Airport WRF and the Sundog WWTP were 
developed in Technical Memoranda No. 3A and 3S, and are based on historical wastewater 
flow data between 2006 and 2009 for each plant. For the evaluation of the centralized 
treatment alternative at buildout, the flows to each plant were combined assuming that 
maximum month average day, peak day, and peak hour flows for each plant’s existing 
service area coincide when combined at the Airport WRF. 

Table 8.1 presents the design wastewater flow parameters used for the evaluation of the 
centralized treatment alternative in this TM No. 6.  
 

Table 8.1 Buildout Design Wastewater Flows and Peaking Factors 
Technical Memorandum No. 6 – Airport WRF, City of Prescott, Arizona 
Centralized Treatment Feasibility Analysis 

Flow Criteria 

Airport WRF 
Buildout 

Flow, mgd(1) 

Sundog 
WWTP 

Buildout 
Flow, mgd 

(1,2) 

Combined 
Buildout 
Flow at 

Airport WRF, 
mgd (1,3) 

Combined 
Hydraulic 
Peaking 

Factor (1,3) 

Annual Average Day Flow 9.6 5.4 15.0 1.00 
Maximum Month Average Day 13.4 10.8 24.2 1.62 
Peak Day 19.2 10.8 30.0 2.00 
Peak Hour 28.8 10.8 39.6 2.64 
Notes: 
(1) Based on historical data analysis between January 2006 and April 2009. All peaking factors are 

relative to the annual average day flow. 
(2) Based on the assumption that flow equalization facilities and/or collection system improvements 

result in peaking factors no greater than 2.0 for the Sundog WWTP service area flows. 
(3) Based on the assumption that peak flows for the Airport WRF and Sundog WWTP service areas 

coincide when combined at the Airport WRF.
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8.1.1 Phase 1 Design Flows 

The capacity for each phase of the master planned capacity at the Airport WRF was 
established at 3.75 mgd (four treatment trains total). This capacity was established based 
on discussions with the City in several workshops, and is marginally larger than the Phase 
1 capacity of 3.2 mgd originally identified in Technical Memorandum No. 5A. Several 
advantages of a Phase 1 capacity of 3.75 mgd were identified: 

 A Phase 1 capacity of 3.75 mgd provides the City with the flexibility to implement a 
Phase 1 at the Airport WRF that is compatible with a centralized treatment approach 
(ultimate capacity of 15 mgd) or with a decentralized treatment approach (ultimate 
capacity of 9.6 mgd). 

 A Phase 1 capacity of 3.75 mgd provides additional treatment capacity beyond the 
permitted capacity of the existing Airport WRF (2.2 mgd). This additional capacity 
provides the City with the opportunity to develop a long-term financial plan with 
adequate timing for funding the next major plant expansion after the Phase 1 
expansion is completed. 

 Ultimately, four treatment trains of 3.75 mgd are more cost-effective than five 
treatment trains of 3 mgd, due to economy of scale for construction and operation. 
Four trains of 3.75 mgd (instead of five trains of 3 mgd) also provide a more efficient 
utilization of the available space at the plant site, minimizing the potential need to 
reduce existing recharge basin capacity.  

8.1.2 Phase 1 Design Peaking Factors 

The wastewater flow peaking factors for evaluation of Phase 1 of the centralized treatment 
alternative are based on the assumption that the majority of the flow for Phase 1 will be 
generated at the Airport WRF service area. Therefore, the flow peaking factors developed 
in Technical Memorandum No. 3A for the Airport WRF were assumed for Phase 1 of the 
centralized treatment alternative, and are based on historical wastewater flow data at the 
Airport WRF between 2006 and 2009. Table 8.2 presents the design wastewater 
parameters used for the evaluation of the first phase of the centralized treatment alternative 
in this Technical Memorandum No. 6.  
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Table 8.2 Phase 1 Design Wastewater Flows and Peaking Factors  
Technical Memorandum No. 6 – Airport WRF, City of Prescott, Arizona 
Centralized Treatment Feasibility Analysis 

Flow Criteria Phase 1 Flow, mgd 
Hydraulic Peaking 

Factor(1) 
Annual Average Day Flow 3.75 1.0 
Maximum Month Average Day 5.25 1.4 
Peak Day 7.50 2.0 
Peak Hour 11.25 3.0 
Note: 
(1) Based on historical data analysis between January 2006 and April 2009. All peaking factors are 

relative to the annual average day flow. 

8.2 Design Wastewater Loads 

The wastewater constituent concentrations used for evaluation of the centralized treatment 
alternative were developed in Technical Memoranda No. 3A and 3S, and are based on 
historical wastewater quality data between 2006 and 2009 for each plant. For the evaluation 
of the centralized treatment alternative at buildout, the flows and loads to each plant were 
combined assuming that maximum month average day loadings for each plant’s existing 
service area coincide when combined at the Airport WRF. 

Table 8.3 presents the design wastewater parameters used for the evaluation of the 
centralized treatment alternative in this Technical Memorandum No. 6.  
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Table 8.3 Design Wastewater Characteristics - Buildout 
Technical Memorandum No. 6 – Airport WRF, City of Prescott, Arizona 
Centralized Treatment Feasibility Analysis 

Design Parameter Units 

Airport WRF Sundog WWTP 
Combined Loadings at 

Airport WRF 

Annual 
Average 

Day 

Maximum 
Month 

Average 
Day(1) 

Annual 
Average 

Day 

Maximum 
Month 

Average 
Day(2) 

Annual 
Average 

Day 

Maximum 
Month 

Average 
Day(3) 

Flow mgd 9.6 13.4 5.4 10.8 15.0 24.2 
BOD mg/L 322 383 373 313 340 352 
TSS mg/L 504 633 402 329 467 498 
TKN mg/L 34.6 41.2 39.5 33.1 36.4 37.6 
Ammonia N mg/L 29.5 35.1 31.5 26.4 30.2 31.2 
Alkalinity mg/L 250 250 295 295 266 270 
Temperature C  18.4 12.4 19.6 14.9 18.8 13.5 

Notes: 
(1) Based on the assumption that the maximum month load (ppd) coincides with the maximum month flow (mgd). 
(2) Based on the assumption that the winter average concentrations coincide with the maximum month flow. 
(3) Based on the assumption that the maximum month loads (ppd) of the Airport WRF and Sundog WWTP service areas coincide during winter 

conditions. 
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8.2.1 Design Wastewater Loads 

The wastewater loadings for evaluation of Phase 1 of the centralized treatment alternative 
are based on the assumption that the majority of the wastewater flow for Phase 1 will be 
generated at the Airport WRF service area. Therefore, the design wastewater 
characteristics developed in Technical Memorandum No. 3A for the Airport WRF were 
assumed for Phase 1 of the centralized treatment alternative, and are based on historical 
wastewater quality data at the Airport WRF between 2006 and 2009. Table 8.4 presents the 
design wastewater parameters used for the evaluation of the first phase of the centralized 
treatment alternative in this Technical Memorandum No. 6.  
 

Table 8.4 Design Wastewater Characteristics  
Technical Memorandum No. 6 – Airport WRF, City of Prescott, Arizona 
Centralized Treatment Feasibility Analysis 

Design Parameter Unit 
Annual 

Average Day 
Maximum Month 
Average Day (1) 

Flow mgd 3.75 5.25 

BOD mg/L 322 383 
TSS mg/L 504 633 
TKN mg/L 34.6 41.2 
Ammonia N mg/L 29.5 35.1 
Alkalinity mg/L 250 250 
Temperature C  18.4 12.4 

Note: 
(1) Based on the assumption that the maximum month load (ppd) coincides with the maximum 

month flow (mgd). 

8.3 Airport WRF Improvements 

Based on the alternative treatment technologies evaluations presented in Technical 
Memoranda No. 5A and 5S, the Conventional (MLE) Treatment Alternative was used for 
the detailed evaluation of the centralized treatment alternative at the Airport WRF. The 
centralized treatment alternative evaluation was based on identifying the facilities required 
at buildout (15 mgd) as well as Phase 1 (3.75 mgd) and Phase 2 (7.5 mgd). The detailed 
evaluation process included the following steps: 

 Conceptual process design to determine facilities required. 

 Process unit sizing and evaluation of treatment performance using process 
modeling. 

 Development of preliminary site layouts. 

 Development of planning-level cost estimates for capital and operations and 
maintenance costs. 
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8.3.1 Process Design Criteria 

The processes for liquids and solids treatment for the centralized treatment alternative are 
described below. The general approach for the conceptual process design was to base the 
unit process sizing on the requirements for buildout, while incorporating as many of the 
existing facilities as possible into the first phase of the master planned facilities.  

8.3.1.1 Preliminary Treatment 

Screening was based on the addition of new, in-channel mechanical bar screens (step 
screens) including a bypass with a manual screen. The sizing criteria for the screens is 
based on the wastewater velocity through the bar openings, which is determined by the 
width of the channel and the operating water depth. As the plant influent flow increases 
towards buildout, the operating depth in the channels can be increased to allow using the 
same screen units from Phase 1 to buildout. The screen sizing criteria was based on this 
approach. Utilization of the existing screen beyond its rated capacity of 2.4 mgd is not 
feasible due to the channel depth and existing hydraulics.  

For costing and site layout purposes, grit removal was based on the assumption of 
mechanical vortex units in concrete basins, a common approach in municipal treatment 
plants which is consistent with the existing technology used at the City’s facilities. It should 
be noted that a detailed evaluation of both screening and grit removal technologies should 
be part of a preliminary design effort. 

The number of screening and grit removal units assumed at Phase 1 and buildout are 
summarized in Table 8.5. 

8.3.1.2 Primary Treatment 

Primary treatment reduces mainly BOD and TSS from the plant influent loadings. Primary 
treatment was incorporated as part of the process design in order to reduce the aeration 
basin volume and process air required for secondary treatment. Circular clarifiers and a 
primary sludge pump station were assumed for costing and site layout purposes.  

Primary treatment was not included for Phase 1 conditions. Primary clarification produces 
unstabilized primary sludge, and the Airport WRF facilities do not currently have sludge 
stabilization facilities (i.e., digesters). Therefore, it was assumed that primary treatment 
would be constructed together with digestion facilities at Phase 2 at the earliest to postpone 
the significant capital investment required for those facilities. 



 

                                                                                   6-30                                                      03/16/2011     In Association with   

Table 8.5 Airport WRF Centralized Treatment Alternative Facilities Summary 
Technical Memorandum No. 6 – Airport WRF, City of Prescott, Arizona 
Centralized Treatment Feasibility Analysis 

Unit Process Facilities Required at Phase 1 (3.75 mgd) Facilities Required at Buildout (15 mgd) 

Coarse Screening  1 mechanical bar screen (duty) 

 1 washer/compactors 

 1 manual bar screen (redundant) 

 Building (3,200 sf) with odor control 

 2 mechanical bar screens (duty) 

 2 washer/compactors 

 1 manual bar screen (redundant) 

 Building (3,200 sf) with odor control 
Grit Removal  1 mechanical vortex unit, concrete basins  3 mechanical vortex units, concrete basins 
Primary Sedimentation N.A.  4 units, 80-ft diameter with dome covers and 

clarifier mechanism 
Primary Sludge Pump 
Station 

N.A.  Pump station structure 

 Progressive Cavity Pumps: 2 duty + 1 standby, 
150 gpm each 

 Primary scum pumps: 2 units, 160 gpm each 
Activated Sludge 
Treatment Basins 

 2 trains, 3.6 MG per train (7.2 MG total) 

 Submersible mixers (27 HP), 2 per train 

 Fine bubble diffuser system 

 Mixed liquor return pumps: 9,100 gpm/basin 

 4 trains, 3.6 MG per train (14.4 MG total) 

 Submersible mixers (27 HP), 2 per train 

 Fine bubble diffuser system 

 Mixed liquor return pumps, 21,000 gpm/train 
Blower Building  Centrifugal blowers 

 3 units (one redundant), 5,000 scfm each 

 Blower building (1,200 sf) 

 Centrifugal blowers 

 5 units (one redundant), 6,500 scfm each 

 Blower building (1,800 sf) 
Secondary 
Sedimentation 

 2 units (one redundant at AADF loads) 

 100-ft diameter, 15-ft side water depth  

 6 units (one redundant at AADF loads) 

 100-ft diameter, 15-ft side water depth  
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Table 8.5 Airport WRF Centralized Treatment Alternative Facilities Summary 
Technical Memorandum No. 6 – Airport WRF, City of Prescott, Arizona 
Centralized Treatment Feasibility Analysis 

Unit Process Facilities Required at Phase 1 (3.75 mgd) Facilities Required at Buildout (15 mgd) 

RAS/WAS Pumping  Wet well with submersible centrifugal pumps. 

 RAS: 2 pumps (one redundant); 2,800 gpm 
each 

 WAS: 2 units (one redundant); 250 gpm each 

 Secondary scum pumps, 2 pumps 

 Wet well with submersible centrifugal pumps. 

 RAS: 4 pumps (one redundant); 4,200 gpm each

 WAS: 3 units (one redundant); 800 gpm each 

 Secondary scum pumps, 4 pumps 

Tertiary Filtration  Cloth media disk filters in concrete basins. 

 3 units (one redundant), total filtration area: 
1,938 sf 

 Cloth media disk filters in concrete basins. 

 10 units (one redundant), total filtration area: 
6,456 sf 

Disinfection  UV disinfection, open channel low-pressure 
high-output. 

 1 channel, 4 banks in channel (one redundant 
bank in channel). 

 UV disinfection, open channel low-pressure 
high-output. 

 4 channels, 4 banks per channel (one redundant 
bank per channel). 

Effluent Pumping  Wet well volume; 25,000 cf 

 2 vertical turbine pumps (one redundant); 4,000 
gpm each 

 Wet well volume; 25,000 cf 

 5 vertical turbine pumps (one redundant); 6,900 
gpm each 

Solids Handling  One additional centrifuge (80 to 120 gpm) in 
existing building 

 Use existing 60-ft secondary clarifier for WAS 
thickening 

 3 thickening units (one redundant); 500 gpm 

 3 dewatering units (one redundant); 200 gpm 

 Solids handling building (16,991 sf) 

Digestion N.A.  5 digesters, 85 ft diameter, 25 ft SDW. 

 Boiler building, flares, mixing system 
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The size and number of primary clarifier units at Phase 1 and buildout are summarized in 
Table 8.5. Detailed process calculations with sizing criteria such as surface overflow rate, 
BOD and TSS removal efficiencies are included in Appendix A. 

8.3.1.3 Secondary Treatment 

The MLE activated sludge treatment process includes compartmentalized aeration basins 
with two anoxic zones and four aeration zones, arranged in a two-pass configuration. Low-
head mixed liquor return pumps provide the recycle of nitrates from the last aeration zone 
back to the first anoxic zone. Submersible mixers were assumed for mixing in the anoxic 
zones. Membrane disc, fine bubble diffusers were assumed in order to provide efficient 
aeration and minimize the required blower size.  

Centrifugal blowers in a dedicated building were assumed for costing and site layout 
purposes. The blower building was assumed to expand from Phase 1 to build out in order to 
minimize footprint and cost for Phase 1. 

Circular secondary clarifiers provide solids-liquid separation of the mixed liquor suspended 
solids from the aeration basins. The larger clarifier size required for Phase 1 and buildout 
as compared to the existing secondary clarifier (100 ft versus 60 ft), and the site layout 
prevented reutilization of the existing clarifier for final clarification (see solids handling for 
reutilization of existing secondary clarifier). 

A new return activated sludge (RAS) and waste activated sludge (WAS) pump station was 
assumed for Phase 1 and buildout. For costing and layout purposes, the pump station was 
assumed to have a wet well with submersible pumps. The wet well was assumed to be 
constructed in Phase 1, with additional pumps to provide sufficient capacity for buildout. 

The design criteria for the aeration basins, blower building, and secondary clarifiers at 
Phase 1 and buildout are summarized in Table 8.5. Detailed process calculations with 
sizing criteria such as mixed liquor suspended solids, solids retention time, surface overflow 
rates, clarifier safety factors, process air requirements, RAS and WAS flows are included in 
Appendix A. 

8.3.1.4 Tertiary Treatment 

Based on the evaluation and recommendations presented in TM No. 7 - Tertiary Filtration 
Evaluation, the liquid treatment alternatives analyzed in this TM No. 6 assume disc filter 
technology. The disc filters considered would require new basins, and due to site layout 
considerations reusing the existing traveling bridge filter structure was not considered. 
For disinfection, evaluation of alternatives under this TM No. 6 are based on UV disinfection 
technology. This approach is based on the fact that UV is the existing technology used at 
both the Airport WRF and the Sundog WWTP, and that assuming UV technology provides a 
contingent cost for planning purposes. In-channel UV technology was assumed for this 
evaluation based on other experiences with conventional MLE projects. 
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Other disinfection alternatives are certainly available to the City, such as chlorine and 
ozone disinfection. A detailed evaluation of disinfection technologies is a preliminary design 
task that should consider factors such as capital and operational costs, disinfection by-
product formation, reliability, redundancy, among others. The detailed evaluation of 
disinfection technologies is not included in the current project, but should be performed as 
part of the facilities design. 

The design criteria for the tertiary filters and disinfection at Phase 1 and buildout are 
summarized in Table 8.5.  Detailed process calculations with sizing criteria such as 
hydraulic loading rates, number of units, and filtration area are included in Appendix A. 

8.3.1.5 Effluent Pumping to Recharge Basins 

For the purposes of this study, vertical turbine pumps in a wet well were assumed. The wet 
well was assumed to be constructed in Phase 1, with additional pumps to provide sufficient 
capacity for buildout. The design criteria for the effluent pump station are summarized in 
Table 8.5. 

8.3.1.6 Solids Handling and Stabilization 

Anaerobic digestion to achieve Class B biosolids quality was assumed as the sludge 
stabilization process for the ultimate conventional MLE process alternative. Aerobic 
digestion was not considered for the ultimate MLE process due to the significant capital and 
operating costs associated with this alternative.  More detailed discussion of biosolids 
alternatives is given in TM No. 9. 

Anaerobic digestion was not considered for Phase 1 due to the relatively large capital costs 
associated with digestion facilities. Therefore, landfill disposal of unstabilized dewatered 
sludge is assumed for Phase 1 at the Airport WRF. 

Solids thickening was assumed upstream of the ultimate anaerobic digestion process, in 
order to reduce the volume of solids and therefore the tankage required for the digestion 
process. For the purposes of this evaluation, gravity belt thickeners were assumed based 
on current practice at the Sundog WWTP. 

Solids dewatering was assumed downstream of the ultimate anaerobic digestion process, 
in order to reduce the volume of solids for disposal. For the purposes of this evaluation, 
centrifuge dewatering was assumed based on current practice at the Airport WRF. For 
Phase 1, it was assumed that additional dewatering equipment will be installed in the 
existing building. It was also assumed that the existing secondary clarifier was used to pre-
thicken solids before they are sent to the dewatering centrifuges, in order to avoid 
overloading the centrifuges. 

As mentioned for other unit processes, a detailed evaluation of the different solids handling 
technologies available to the City (rotary drum thickeners, centrifuge thickening, belt filter 
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press dewatering, etc.) is a preliminary design task that should determine the thickening 
and dewatering technologies for the actual design for the facilities, but is not included as 
part of this project. 

8.3.2 Design Criteria Summary 

Table 8.5 summarizes the required facilities for the conventional treatment alternative at a 
buildout flow of 15 mgd, and a Phase 1 flow of 3.75 mgd. Also listed in Table 8.5 are the 
assumptions on the type of equipment or process that were made for the purposes of 
costing and layout. It should be noted that selection of specific equipment types or process 
alternatives should be further evaluated during preliminary design. A process model output 
summary is included in Appendix A with specific design criteria for each of the unit 
processes, including operating parameters and expected effluent quality. 

8.3.3 Site Plan 

Figure 8.1 presents the preliminary site plan for the conventional treatment alternative. The 
layout is based on the conservative assumption that no waivers are obtained from adjacent 
property owners. Therefore, all odor-producing facilities are shown within the 350-feet 
internal setback from the property boundary. The layout assumes that the footprint 
occupied by the effluent recharge basin in the southeast end of the site is used for the 
required treatment facilities. Another assumption is that the footprint currently occupied by 
the older oxidation ditch and the existing secondary clarifiers is reclaimed for the solids 
treatment and handling facilities. 
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9.0 Decentralized Versus Centralized Treatment Comparison 

9.1 Economic Comparison 

Capital and operating costs for continued independent treatment at the Sundog WWTP and 
Airport WRF were developed and presented in Technical Memoranda 5S and 5A.  The 
costs are summarized and totaled in Table 9.1 which presents the ultimate combined cost 
at build-out for distributed treatment at the two existing facilities.  Detailed capital and 
operating costs are given in TM No. 5A and TM No. 5S. 

Table 9.2 summarizes the total ultimate program costs (capital and operating) for 
centralized treatment of  build-out flows at the Airport WRF.   Detailed capital and operating 
costs are given in Appendix B of this TM 6. 
 

Table 9.1 Capital/Operating Cost and Present Worth for Decentralized Treatment at 
Sundog WWTP and Airport WRF 
Technical Memorandum No. 6 – City of Prescott, Arizona 
Centralized Treatment Feasibility Analysis 

 
Capital Cost,  

$ mil 
Operating Cost 

$ mil/yr 
Present Worth,1 

$ mil 

Sundog WWTP (5.4 mgd) (Build-out) 75.1 2.60 110.75 

Airport WRF (9.6 mgd) (Build-out) 115.4 3.63 160.63 

 190.5 6.23 271.38 

Note: 
1  20 yr Present Worth @ 5% interest. 

 

Table 9.2 Capital/Operating Cost and Present Worth for Centralized Treatment at 
Airport WRF 
Technical Memorandum No. 6 – City of Prescott, Arizona 
Centralized Treatment Feasibility Analysis 

 
Capital Cost,      

$ mil 
Operating Cost 

$ mil/yr 
Present Worth,1 

$ mil 

Sundog WWTP  10.4 0.5 17.27 

Conveyance 3.4 0.2 6.15 

Airport WRF (15 mgd) 160.7 4.73 225.66 

 174.5 5.43 249.08 

Note: 
1  20 yr Present Worth @ 5% interest. 
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9.2 Non-Economic Evaluation 

In addition to the economic (present worth) comparison for centralized treatment, non-
economic factors were considered.  The following non-economic issues are considered and 
defined below: 

1. Effluent Quality & Permit Compliance – Assessment of the ability for the alternative 
to meet all permit limits and maintain required effluent quality. 

2. Aging Infrastructure – Assessment of the alternative relative to risk of reliance on 
aging infrastructure. 

3. Operational Complexity – Assessment for the overall operational complexity of the 
alternative.   

4. Staffing Training Requirements – Assessment of staffing and staff training for each 
alternative. 

5. Ease of Maintenance – Assessment of maintaining each alternative. 

Table 9.3 summarizes the non-economic comparison of alternatives.  Each issue is given a 
weighting factor in terms of the overall importance of the issue.  Then each issue is 
evaluated with a rating given (10 = best and 1 = worst).  The score for each issue is the 
product of the rating and weighting factor.  The individual scores are totaled to provide an 
overall score for each alternative (highest total is best). 

Based on this feasibility analysis, eliminating treatment at the Sundog WWTP has a slightly 
lower present worth cost and a higher non-economic rating than separate expansion of 
each treatment facility.  However, the costs and scores do not strongly favor either 
alternative.   

Additional planning activities that can be taken in order to further evaluate decentralized 
treatment include: 

 Perform a conceptual design for rehabilitation of the existing reclaimed water 
pipeline to further define alternatives and costs. 

 Perform a conceptual designs for the Sundog WWTP and Airport WRF 
improvements to further develop cost estimates. 
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Table 9.3       Non-Economic Factor Comparison 

Technical Memorandum No. 6 – Airport WRF, City of Prescott, Arizona 
Centralized Treatment Feasibility Analysis 

 Weighting 
Factor 

Continued Decentralized 
Treatment at Sundog 

WWTP and Airport WRF 

Centralized Treatment at 
Airport WRF 

 

Raw Score Weighed 
Score 

Raw Score Weighed 
Score 

Effluent Quality x 5 7 35 8 40 

Aging  
Infrastructure 

x 4 6 24 9 36 

Operational  
Complexity 

x 4 5 20 7 28 

Staffing/Training 
Requirements 

x 3 5 15 7 21 

Ease of  
Maintenance 

x 4 5 20 7 28 

TOTAL                       114                        153 

Note: 

1.  Comparison of non-economic factors where 10 = best and 1 = worst 
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10.0 Alternative Phasing and Capital Improvement Plans 

10.1 Centralized Treatment Phasing  

As discussed, centralized treatment at the Airport WRF would include the following 
recommended facilities: 

1. Sundog WWTP Improvements to address immediate issues: 

 Nitrification/denitrification process control improvements 

 Filter rehabilitation or replacement 

 Temporary centrifuge dewatering facilities 

 Headworks odor control 

2. Airport WRF (first phase) 3.75 mgd Expansion. 

3. Airport WRF (second phase) 7.5 mgd Expansion (without anaerobic digestion).  

4. Sundog WWTP Wastewater Conveyance to the Airport WRF. 

 Wastewater Conveyance Alternative No. 2 (see Section 6.0) 

 Sundog WWTP Flow Equalization Facilities (see Section 7.0) 

5. Future Airport WRF phases to reach ultimate 15 mgd capacity. 

The first two improvements above are compatible with wither the de-centralized or 
centralized treatment alternatives.  An initial phase capacity of 3.75 mgd is recommended 
for the Airport WRF to maintain the flexibility to implement centralized treatment.  However, 
sizing the Airport WRF at 3.75 mgd does not dictate the City pursue centralized treatment in 
the future.  Completing these two initial projects will allow time for the City to make a 
decision on centralized treatment.   

The decision point for centralized treatment will occur when the Sundog WWTP reaches its 
current capacity.  As shown in Figure 10.1, the Sundog WWTP is projected to reach its 
current capacity sometime between 2015 and 2019.  Since there is currently little or no 
growth in the City, it is recommended that the City plan to have the additional treatment 
capacity in operation by 2019 (conservative growth flow assumption).  If actual growth 
accelerates over the next few years, the timing should be revisited.  In approximately Year 
2016, the City should make a decision on whether to either expand the Sundog WWTP or 
eliminate treatment at that location and pursue the centralized treatment approach.  For 
centralized treatment, this will allow time for the City to plan, implement a second phase of 
treatment capacity at the Airport WRF, to replace treatment at the Sundog WWTP, and 
Sundog WWTP wastewater flow conveyance and flow equalization facilities.   
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Figure 10.1  Flow Increase Curves –Sundog WWTP 

Figure 10.2 presents the range of flow increase curves for total combined centralized flow 
at the Airport WRF.  Projected Phase III and Phase IV plant expansions out to 15 mgd are, 
as shown. 
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Figure 10.2  Flow Increase Curves – Combined Sundog WWTP and Airport WRF 
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Figure 10.3 presents a projected 20 year (2010-2030) cash flow for capital improvements 
for the centralized treatment.  The capital costs shown include the projected construction 
costs plus an allowance of 15% for engineering and administration.  All costs are shown in 
2010 dollars without inflation.  The near term capital improvements (thru 2020) are based 
on the conservative flow growth curves (2% growth rate) in Figures 10.1 and 10.2.  The 
longer term improvements (2020 – 2030) are based on midpoint growth, between the 
conservative and aggressive growth curves.  If actual growth accelerates in the coming 
years, this assumption should be revisited.  As discussed, the key decision point is 
centralized treatment versus separate treatment in 2016 which allows enough time to 
implement required centralized treatment improvements before Sundog WWTP capacity is 
reached.  For this evaluation, it is assumed that all plant expansions at the Airport WRF are 
implemented without anaerobic digesters.   

10.2 Decentralized Treatment Phasing  

Figure 10.4 presents a projected 20 year cash flow for capital improvements for maintaining 
separate treatment at the Sundog WWTP and Airport WRF under the same growth 
assumptions as for centralized treatment.  The key decision points and timing are the same 
as for the centralized treatment approach.  The capital costs include projected construction 
costs plus an allowance of 15% for engineering and administration.  All costs are shown in 
2010 dollars without inflation. 

The key timing for key decisions are the same as for centralized treatment.  The initial 
improvements are also the same, except that the first phase of the Airport WRF would be 
3.2 mgd capacity rather than 3.75 mgd. 

10.3 Cumulative Capital Costs  

Figure 10.5 illustrates cumulative capital costs over 20 years for both centralized and 
decentralized treatment.  
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Figure 10.3  Centralized Treatment CIP 
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Figure 10.4  Decentralized Treatment Plants CIP 
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Figure 10.5  Cumulative Capital Cost Comparison 
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11.0 Conclusions 

The economic comparison (20-year present worth), non-economic comparison and the 
comparison of phasing plans and corresponding capital improvement plans show very little 
difference between centralized treatment at the Airport WRF and decentralized treatment at 
the Airport WRF and Sundog WWTP.  Furthermore, the centralized versus decentralized 
treatment decision point is not anticipated until 2016.  Therefore,it is recommended the City 
maintain both options for as long as possible.  As such the following recommendations and 
conclusions are provided. 

 Plan the first phase of the Airport WRF improvements for 3.75 mgd of capacity 
which provides the flexibility for either approach. 

 Recognize that an initial capacity of 3.75 mgd for the Airport WRF does not dictate 
the centralized treatment approach. 

 Plan to make a decision on centralized treatment 2016, provided the actual flow 
increases are consistent with the projections herein. 

 Recognize that if actual flow increase are less than projected the centralized 
treatment decision can be postponed beyond 2016. 

 Consider collection system alternatives to divert flow away from the Sundog WWTP 
to the Airport WRF.  This will in effect prolong the life expectancy of the Sundog 
WWTP and postpone the centralized treatment decision point. 
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Detailed Process Calculations  
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Appendix B 

Detailed Capital Costs and Operating Costs  
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ES7 TM 7 – TERTIARY FILTRATION EVALUATION 
 
ES7.1 Introduction 

The purpose of this technical memorandum is to evaluate alternative tertiary filtration 
technologies for the Sundog WWTP and Airport WRF. 
 

ES7.2 Background 

The last major expansion of the Sundog WWTP liquid treatment process, including filters, 
was constructed in 1990.  The existing tertiary filtration process consists of two traveling 
bridge filters.  The filters have historically met all discharge permit limits, without significant 
operator complaints.  The filters have recently experienced failures in the porous plates.  
The existing filters need to be rebuilt or replaced.   

The most recent expansion of the Airport WRF occurred in 1998 and included the addition 
of one traveling bridge filter.  Plant staff have reported ongoing plugging issues with the 
porous plate in the existing unit.  Also, there is a lack of redundancy and the filter cannot be 
taken off-line and cleaned thoroughly without losing the ability to filter secondary effluent 
prior to UV disinfection.   

ES7.3 Hydraulic Design Criteria 

Projected annual average wastewater flows tributary to the Sundog WWTP and Airport 
WRF are presented in Table ES7.1 

Table ES7.1     Projected Wastewater Flows 
 Sundog WWTP Airport WWTP 
 2010 2015 Buildout 2010 2015 Buildout 

Master Plan AAD  2.5 mgd 2.8 mgd 5.3 mgd 1.1 mgd 1.3 mgd 4.9 mgd 

West Area AAD --- --- --- 0 0 2.2 mgd 

Granite Creek AAD --- --- --- TBD TBD 2.0 mgd 

Total 2.5 mgd 2.8 mgd 5.3 mgd 1.1 mgd 1.3 mgd 9.1 mgd 

 
The Sundog WWTP collection system experiences significant wet weather inflow and 
infiltration, as illustrated in Figure ES7.1. 
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Figure ES7.1  Monthly Sundog WWTP Floes 2006 - 2009 

Based on this data it is recommended to design the Sundog WWTP filters for a maximum 
month hydraulic flow capacity of 2.0 times average annual design capacity and rely on flow 
equalization to store excess wet weather flows above maximum month flow.  Therefore, 
build out hydraulic capacity of the Sundog WWTP filters should be 10.6 mgd, with one unit 
out of service. 

The impact of wet weather infiltration and inflow is not as great at the Airport WWTP, as 
shown in Figure ES7.2.   

A hydraulic design capacity of 2.0 times average annual flow or 18.2 mgd for the build out 
condition is recommended for the Airport WWTP filters.  Flow equalization is recommended 
to store and equalize flows is excess of peak day flow. 
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Figure ES7.2  Monthly Airport WWTP Floe 2006 - 2009 

ES7.4 Required Reclaimed Water Quality 

The current project will evaluate tertiary filtration technologies that are capable of producing 
Class A+ effluent.  The current water quality standards for Class A+ Reclaimed Water are 
shown in Table ES7.2. 
 

Table ES7.2     Class A+ Reclaimed Water Quality Standards 

Parameter Treatment Standard 
Turbidity, NTU 

 Average 
 Single sample max 

Fecal Coliform, cfu/100mL 
 4 of last 7 samples 
 Single sample max 

APP 
 BADCT 

 
2 
5 
 

Non-detect 
23 

 
THM control 

 

Historical filter performance at both the Sundog WWTP and Airport WRF has met Class A+ 
average turbidity of <2 NTU, except for periods of extreme wet weather flows.  However, 
the Sundog WWTP filters have recently experienced structural failure of the media support 
porous plate and are out of service. 
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ES7.5 Filtration Alternatives 

The following filtration alternatives were considered: 

 Existing Traveling Bridge Filter Retrofit 

 Conventional underdrain replacement – Infilco (ABF) 

 Pipe underdrain replacement – Siemens (Gravisand) 

 Disk Filter Technology 

 Cloth Media Filters – Aqua Aerobics (AquaDiamond) 

 Compressible Media Filter – Schreiber (Fuzzy Filter) 

 Upflow Continuous Backwash Filters 

 Conventional Deep Bed Filtration 

 Microfiltration 

 Submerged – General Electric 

 Pressure Vessels – Siemens, Pall 

ES7.6 Comparison of Tertiary Filtration Technologies 

Hydraulic loading criteria varies for each of the filtration technologies.  The resulting basis of 
design for each technology for the Sundog WWTP and Airport WRF are presented in Table 
ES7.3 and Table ES7.4.  
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Table ES7.3     Sundog WWTP Filtration Basis of Design Criteria 

Filter Technology 
Total Surface Area, ft2 No. Units Required New Concrete 

Basin or 
Structure 

Pump Station 
Required 

Average 
Peak           

(Max Month) Duty Standby 

Traveling Bridge Filters  3,120 3,120  2 1 yes no 

Disk Filters  1,764 1,764  2 1 no no 

Cloth Media Filters  2,600 2,600  1 1 no no 

Compressible Media Filters  174 253  4 1 yes yes 

Upflow Continuous 
Backwash Filters  1,146 1,526   27 1  yes yes 

Conventional Filters  2,400 1,964   4  1 yes yes 

Microfiltration (2)  132,500 265,000   11  1 yes yes 
Notes: 
(1) Bold total surface area numbers indicates governing flow condition. 
(2) Based on a standard 50 module rack. 

 
 
Table ES7.4     Airport WWTP Filtration Basis of Design Criteria 

Filter Technology 
Total Surface Area, ft2 No. Units Required New Concrete 

Basin or 
Structure 

Pump Station 
Required 

Average 
Peak            

(Peak Day) Duty Standby 

Traveling Bridge Filters  4,025 4,025  6 1   yes no  

Disk Filters 2,750  2,750  4  1   yes   no 

Cloth Media Filters  4,160 4,160   1  1   yes  no 

Compressible Media Filters  294 400  7  1   yes  yes  

Upflow Continuous 
Backwash Filters  1,953 2,582   47  1   yes   yes 

Conventional Filters  4,200 3,600   6  1  yes    yes 

Microfiltration (2)  227,500 455,000   19  1  yes   yes  
Notes: 
(1)  Bold total surface area numbers indicates governing flow condition. 
(2)  Based upon a standard 50 module rack. 
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Tertiary filtration alternatives were compared based on economic and non-economic 
criteria. 

A capital, operating and life cycle present worth cost comparison of filtration technologies 
for the Sundog WWTP and Airport WRF are presented on Table ES7.5 and Table ES7.6 
respectively. 

Traveling Bridge Filter Disk Filter Cloth Media Filter Compressible Media Upflow Filters Conventional Microfiltration

Capital Cost $1,950,000 $2,166,000 $2,836,000 $2,970,000 $3,039,000 $4,740,000 $13,487,000

  Labor $13,000 $13,000 $13,000 $13,000 $13,000 $13,000 $52,000
  Maintenance (parts only) $6,200 $8,400 $4,100 $800 $1,400 $10,300 $51,000
  Power ($0.10/kWH) $8,100 $2,400 $5,900 $16,700 $16,700 $16,400 $52,600
  Chemicals $5,000 $5,000 $5,000 $5,000 $5,000 $5,000 $114,000

Total Life Cycle Cost w/o UV $2,300,000 $2,500,000 $3,200,000 $3,400,000 $3,500,000 $5,300,000 $16,600,000
  UV Power $63,100 $63,100 $63,100 $63,100 $63,100 $63,100 $19,300

Total Life Cycle Cost w/ UV $3,000,000 $3,200,000 $3,900,000 $4,100,000 $4,200,000 $6,000,000 $16,800,000

Table ES7.5  Sundog WWTP Filtration Costs

O&M Cost ($/year)

 
 

Traveling Bridge Filter Disk Filter Cloth Media Filter Fuzzy Filter Upflow Filters Deep Bed Microfiltration
Capital Cost $4,838,000 $3,818,000 $4,640,000 $4,541,000 $4,812,000 $11,676,000 $22,423,000

  Labor $13,000 $13,000 $13,000 $13,000 $13,000 $13,000 $52,000
  Maintenance $14,000 $13,000 $4,000 $5,000 $2,000 $14,000 $42,000
  Power $19,000 $4,000 $6,000 $17,000 $16,000 $16,000 $43,000
  Chemicals $5,000 $5,000 $5,000 $5,000 $5,000 $5,000 $93,000
Total Life Cycle Cost w/o UV $5,400,000 $4,200,000 $5,000,000 $5,000,000 $5,200,000 $12,200,000 $25,100,000
  UV Power $110,000 $110,000 $110,000 $110,000 $110,000 $110,000 $39,000
Total Life Cycle Cost w/ UV $6,700,000 $5,500,000 $6,200,000 $6,300,000 $6,500,000 $13,500,000 $25,500,000

Table ES7.6  Airport WWTP Filtration Costs 

O&M Cost ($/year)

 
 

Table ES7.7 shows a relative comparison of the filtration technologies based on a score of 
1 through 10 (higher value means more desirable).  A multiplier was also applied to each of 
the non-economic factors to properly weigh those factors most important to the City.   

ES7.7 Recommendations 

The recommended tertiary filtration alternative for implementation at the Sundog and Airport 
WWTPs is disk filters.  Disk filters provide a good mixture of low cost, reliable performance 
and low maintenance
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Table ES7.7    Non-Economic Factor Comparison 

 Effluent Quality Proven 
Technology 

Operational 
Complexity 

Compatibility with 
Future AOPs 

Footprint  
Total 

Overall 
Score 

 

Weighting Factor x 5 x 4 x 3 x2 x2 

Treatment 
Technology 

Raw 
Score 

Weighted 
Score 

Raw 
Score 

Weighted 
Score 

Raw 
Score 

Weighted 
Score 

Raw 
Score 

Weighted 
Score 

Raw 
Score 

Weighted 
Score 

Traveling Bridge 
Filter 

7 35 9 36 6 18 5 10 4 8 107 

Disk Filters 7 35 9 36 8 24 5 10 8 16 121 

Cloth Media Filters 7 35 7 28 7 21 5 10 6 12 106 

Compressible 
Media Filters 

6 30 4 16 5 15 3 6 8 16 83 

Upflow Filters 5 25 8 32 6 18 3 6 6 12 93 

Conventional 
Filters 

7 35 9 36 3 9 5 10 3 6 96 

Microfiltration 10 50 7 28 4 12 10 20 4 8 118 

Comparison of non-economic factors where 10 = best and 1 = worst 
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1.0 SCOPE 

The purpose of this technical memorandum is to evaluate alternative tertiary filtration 
technologies for the Sundog WWTP and Airport WRF.  Several filtration technologies have 
been identified for the evaluation, including (1) reburish/retrofit/expand the existing traveling 
bridge filters, (2) disk filters, (3) cloth filters, (4) compressible media filters, (5) upflow 
continuous backwash filters, (6) conventional deep bed filters, and (7) microfiltration.  There 
is an urgent need for replacement of the filters at the Sundog WWTP, therefore, this 
filtration evaluation is being accelerated within the project schedule.  This document 
describes the various filtration technologies with advantages and disadvantages, 
summarizes the sizing criteria for each technology, and presents an economic and non-
economic comparison of the alternatives.  
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2.0 BACKGROUND 

2.1 Sundog WWTP 

The Sundog WWTP is located approximately 2 miles northeast of the center of the City of 
Prescott (City) and currently receives the majority of the City’s wastewater flow.  The last 
major expansion of the liquid treatment process, including filters, was constructed in 1988.  
The existing tertiary filtration process consists of two traveling bridge filters.  The filters have 
historically met all discharge permit limits, without significant operator complaints. 

The filters have recently experienced failures in the porous plates as shown in the 
photograph in Figure 2.1.  The porous plate and underdrains need to be replaced or new 
filters constructed.  The filters were designed to handle peak wet weather flows, however 
no redundancy was provided in the 1988 project.  The evaluation of tertiary filtration 
technologies at the Sundog WWTP will take into account the current filter issues and also 
add redundancy to the filtration process. 

 
 

Figure 2.1:  Sundog Filter Porous Plate Failure 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
2.2 Airport WWTP 

The Airport WWTP is located adjacent to the Prescott Municipal Airport north of the center 
of the City.  The City’s infiltration basins are also located in the area.  The most recent 
expansion of the plant occurred in 1998 and included the addition of tertiary filtration.  Two 
traveling bridge filters were originally designed for the project, however due to budget 
constraints only one of the filters was constructed. 
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The existing filter will handle approximately 1.6 mgd if loaded hydraulically to the standard 
design criteria of approximately 2-3 gpm/sf.  Plant staff have reported ongoing plugging 
issues with the porous plate in the existing unit.  Also, there is a lack of redundancy and the 
filter cannot be taken off-line and cleaned thoroughly without losing the ability to filter 
secondary effluent prior to UV disinfection.  The evaluation of the tertiary filtration 
technologies will address this redundancy issue at the plant. 
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3.0 HYDRAULIC DESIGN CRITERIA 

Current and projected wastewater average annual design daily (AAD) flows tributary to the 
Sundog and Airport WWTPs are shown below in Table 3.1. 

Subsequent to the Master Plan it was decided to include planning for the area west of the 
airport known as the West Airport Area and the area east of Granite Creek and north of 
Highway 89A.  These flows are tributary to the Airport WWTP and included in Table 3.1. 

Table 3.1       Projected Wastewater Flows 
 Sundog WWTP Airport WWTP 
 2010 2015 Buildout 2010 2015 Buildout 

Master Plan AAD  2.5 mgd 2.8 mgd 5.3 mgd 1.1 mgd 1.3 mgd 4.9 mgd 

West Area AAD --- --- --- 0 0 2.2 mgd 

Granite Creek AAD --- --- --- TBD TBD 2.0 mgd 

Total 2.5 mgd 2.8 mgd 5.3 mgd 1.1 mgd 1.3 mgd 9.1 mgd 

 

3.1 Peak Flows and Hydraulic Design Capacity for the Sundog WWTP 

The collection system tributary to the Sundog WWTP experiences significant wet weather 
inflow and infiltration, as illustrated in Figure 3.1.  For the period 2006 through 2009, the 
average annual dry (AAD) weather flow was 2.5 mgd.  Maximum month (MM) wet weather 
flow occurred in January/February 2008 at 5.0 mgd giving a MM/AAD peaking factor of 2.0.  
Worst case wet weather flows occurred on January 27 through January 29.  During those 
days influent flow exceeded the maximum month flow for an extended period.  Based on 
this data it is recommended to design the Sundog WWTP filters for a maximum month 
hydraulic flow capacity of 2.0 times average annual design capacity and rely on flow 
equalization to store excess wet weather flows above maximum month flow.  Therefore, 
build out hydraulic capacity of the Sundog WWTP filters will be 10.6 mgd, with one unit our 
of service. 
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Note: The Sundog WWTP influent flow meter does not read above 10.0 mgd, on several occasions the influent flow meter 
pegged out at 10 mgd.  The true maximum hour peaking factor is unknown, but is likely 4.5 or higher. 

 

3.2 Peak Flows and Hydraulic Design Capacity for the Airport WWTP 

The impact of wet weather infiltration and inflow is not as great at the Airport WWTP, as 
shown in Figure 3.2.  A peaking factor of 2.0 times average annual flow (same factor as 
recommended for the Sundog WWTP) would be adequate to accommodate peak day flow. 

A hydraulic design capacity of 2.0 times average annual flow or 18.2 mgd for the build out 
condition is recommended for the Airport WWTP filters.  Flow equalization is recommended 
to store and equalize flows is excess of peak day flow. 

 

 
 
 
 
 
 

Figure 3-1:  Monthly Sundog WWTP Flows 2006 - 2009
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Figure 3-2:  Monthly Airport WWTP Flow:  2006 - 2009
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4.0 REQUIRED RECLAIMED WATER QUALITY 

The Sundog and Airport WWTPs were both designed and permitted to produce Class B+ 
effluent, and the Draft APP that is currently under negotiation with ADEQ is structured for 
Class B+ effluent.  Given the potential for future water quality standards in the APP, the 
current project will evaluate tertiary filtration technologies that are capable of producing 
Class A+ effluent.  The current water quality standards for Class A+ Reclaimed Water are 
shown in Table 4.1.   
 

Table 4.1       Class A+ Reclaimed Water Quality Standards 

Parameter Treatment Standard 
Turbidity, NTU 

 Average 
 Single sample max 

Fecal Coliform, cfu/100mL 
 4 of last 7 samples 
 Single sample max 

APP 
 BADCT 

 
2 
5 
 

Non-detect 
23 

 
THM control 

 

Historic performance of the Sundog WWTP and Airport WWTP filters compared with Class 
A+ performance is shown on Figures 4.1 and 4.2.  Existing filter effluent turbidity meets 
Class A+ requirements.  The only exceptions are during high wet weather flow periods.  
Addition of wet weather flow equalization should help eliminate turbidity exceedances.  Only 
technologies capable of Class A+ performance are included in this evaluation. 
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Figure 4-1:  Sundog WWTP Historic Filter Performance
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Figure 4-2:  Airport WWTP Historic Filter Performance
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5.0 FILTRATION ALTERNATIVES 

5.1 Existing Traveling Bridge Filter Retrofit 

Traveling bridge filters consist of a shallow bed of granular media separated into multiple 
cells or compartments. These compartments allow a small portion of the filter bed to be 
backwashed while the rest of the filter remains in service. A dual composition of anthracite 
and sand, approximately 10 to 12 inches in depth, is typically used as the filter media. A 
backwash hood is supported by a rail mounted bridge system which travels the length of 
the filter isolated each cell individually for backwash. 

The continuous backwash process significantly reduces the flow rate of backwash water. 
This eliminates the need for high capacity backwash pumps and spent backwash storage 
tanks.  

Advantages / Disadvantages. The traveling bridge filter technology has the following 
advantages and disadvantages relative to the other filtration technologies under 
consideration. 

Advantages: 

 Proven technology 

 Filter remains in service during backwash 

 Low backwash rates between 2 to 5 percent of total throughput 

 Low headloss through filter 

Disadvantages: 

 Moderate equipment complexity (moving parts) 

 Higher maintenance requirements 

 Less effective in handling peak loads 

 Large footprint 

 Requires periodic super chlorinating to remove bacteria build-up on the porous 
plate underdrain 

 Equipment reliability 

 Sporadic vendor support 
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5.1.1 Conventional Underdrain Replacement – Infilco (ABF) 

A conventional traveling bridge filter underdrain assembly consists of porous plates 
installed over composite U-shaped channels.  The porous plates serve to pass filtered 
process water and retain the filter media within the basin.  The filter media is placed over 
the porous plates and divided into 12-inch segments by cell divider plates.  Influent flows 
down through the filter media and porous plate.  The filtered process water is then 
conveyed out of the filter basin through the U-shaped underdrains.   

5.1.2 Pipe Underdrain Replacement – Siemens (Gravisand) 

The Siemens Gravisand Filtration system operates similar to a conventional underdrain 
system, however slotted pipes are substituted for the porous plate and underdrain system.  
The advantage to this system is the ease of installation, allowing for a quicker and cost 
effective retrofit of existing facilities.   

5.2 Disk Filter Technology 

Disk filters are comprised of hollow disk elements with filter media on the exterior.  Flow 
either passes from the inside of the disk to the outside or from the outside to inside.  As flow 
passes through the filter media solids are trapped on the surface.  The filters are 
periodically backwashed to remove the buildup of solids.  Two common media types are 
available, a pile filter media which resembles a shag carpet or a woven polyester fabric. 

Disk filters combine a large filtration surface area with higher loading rates than traditional 
sand filters providing a high ratio of filtration capacity to equipment footprint.  These filters 
are a good choice for retrofit of existing facilities to increase filtration capacity within existing 
structures. 

Advantages / Disadvantages. The disk filter technology has the following advantages and 
disadvantages relative to the other filtration technologies under consideration. 

Advantages: 

 Small footprint and use of existing basins 

 Low headloss through filter 

 Very low backwash water requirements, less than 1% of throughput 

 Filter remains in service while backwashed 

 Handles peak loadings well 

Disadvantages: 

 Shorter performance/reliability track record in comparison with traveling bridge 
filters 
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 Cloth media may not be compatible with polymer addition, if required for filter 
performance optimization 

 Slightly lower effluent quality compared with traveling bridges under normal 
loadings (but meets Class A+) 

5.2.1 Outside-In Flow Pattern - Aqua-Aerobics (AquaDisc) 

The Aqua-Aerobic AquaDisc cloth media filter uses a PA-13 pile cloth as the filter media.  
The cloth media is attached to pie-shaped hollow disks mounted vertically on a common 
effluent tube that conveys filtered process water from the filter basin, with the flow pattern 
commonly referred to as “outside-in”.  The cloth covered disks are stationary and 
submerged in the filter basin during normal operation.  Heavier solids are allowed to settle 
in the filter basin and periodically pumped from the basin.  This reduces the solids load on 
the membranes and the required frequency of the backwash cycle. 

The disks also remain submerged and in operation during a backwash cycle.  Suction 
heads located on each side of the filter disk draw filtered water back through the cloth 
membrane removing the entrapped particles as the disk rotates at a speed of 1 fps.  Figure 
5.1 depicts a schematic of the Aqua-Aerobic AquaDisc filter.   

 
 

Figure 5.1:  Aqua-Aerobic AquaDisk Schematic 

 
 

5.2.2 Inside-Out Flow Pattern - Kruger (Hydrotech Discfilter) 

Flow enters the Kruger Hydrotech disk filter through a center drum and then flows through 
the woven polyester filter disks, which are partially submerged in the filtrate, with a flow 
pattern commonly referred to as “inside-out”.  Solids are retained on the inside of the filter 
disks.  When the water level in the center drum rises to a preset level, a backwash cycle is 
initiated during which the disks rotate and high pressure spray wash is applied to the 
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outside of the disks.  The filtrate serves as the backwash water.  The backwash is collected 
in a separate trough.  Figure 5.2 depicts a Kruger Hydrotech 20-disk filter under 
construction in Flagstaff, Arizona.   
 
 

Figure 5.2:  Kruger Hydrotech Disk Filter under Construction – Flagstaff, Arizona 

 

Table 5.1 summarizes the equipment of each manufacturer. 
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Table 5.1       Disk Filter Equipment Summary 
Manufacturer Aqua-Aerobic Kruger 

Equipment AquaDisk Hydrotech Discfilter 

Disk Material PA-13 pile cloth Woven polyester 

Effective (submerged) filter 
surface area per disk, sf 

53.8 39.2 
 

Percent submergence 100 (always submerged) 65 max (varies from 50-
65) 

Filter drive motor, hp 0.75 1.5 

Backwash pump motor, hp 2-2 hp 15 

Backwash method Vacuum High pressure spray – 
110 psi 

Backwash quantity 1-2% 1-3 % 

Number of US Installations >500  >100  

California DHS Title 22 
conditional acceptance 

Yes Yes 

5.3 Cloth Media Filters – Aqua Aerobics (AquaDiamond) 

The cloth media filter uses a high density cloth membrane as a filter media.  The cloth 
membrane is attached to diamond shaped tubes mounted horizontally that conveys filtered 
process water from the filter basin.  The cloth diamonds are stationary and submerged in 
the filter basin during normal operation.  Heavier solids are allowed to settle in the filter 
basin and periodically pumped from the basin.  This reduces the solids load on the 
membranes and the required frequency of the backwash cycle. 

The diamonds also remain submerged and in operation during a backwash cycle.  Suction 
heads located on each side of the diamond draw filtered water back through the cloth 
membrane removing entrapped particles. The suction heads are mounted below a traveling 
bridge mechanism which travels the length of the basin.  A high pressure spray backwash 
cycle is also used approximately once per week to control biological growth on the cloth 
media.   

Advantages / Disadvantages. The cloth media filter technology has the following 
advantages and disadvantages relative to the other filtration technologies under 
consideration. 

Advantages: 

 Small footprint 

 Low headloss through filter 

 Very low backwash water requirements, less than 1% of throughput 

 Filter remains in service while backwashed 
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Disadvantages: 

 Moderate equipment complexity (moving parts) 

 Shorter performance/reliability track record in comparison with traveling bridge 
filters and disc filters 

 Cloth media may not be compatible with polymer addition, if required for filter 
performance optimization 

 Proprietary equipment and would be difficult to achieve competitive bidding 

5.4 Compressible Media Filter – Schreiber (Fuzzy Filter) 

The fuzzy filter uses compressible fiber media set between two plates.  The porosity of the 
filter media can be adjusted by changing the compression level of the media.  Fluid flows 
through the media as opposed to around the media in conventional filters.  Significantly 
higher surface loadings are possible due to the porosity of the media.  The depth of the 
media bed is typically in the range of 24 to 30 inches.  During a backwash cycle, the 
compression plates are opened allowing the media to expand.  The direction of flow in the 
filter is reversed and air is introduces to help scour the media.  A typical backwash rate is 
approximately 10 gpm for 30 minutes.   

Advantages / Disadvantages.  The fuzzy filter technology has the following advantages 
and disadvantages relative to the other filtration technologies under consideration. 

Advantages:     

 Smallest footprint 

 Designed for significantly higher hydraulic loading rates 

 Low backwash rates 

 Porosity of media is adjustable 

Disadvantages: 

 High headloss and requires an intermediate pumping station 

 Fewer installations compared with traveling bridge, disk, and cloth technologies 

 Filter must be taken out-of-service for backwashing  

5.5 Upflow Continuous Backwash Filters 

Upflow continuous backwash filters use a deep bed sand media. The process water flows 
upward through the media which captures the solid particles. The filter is backwashed 
continuously by using an airlift pump to convey the sand media and trapped particles at the 
bottom of the filter to a backwash trough located above the media bed. The airlift pump 
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scours the sand and releases the trapped particles from the media as it is lifted to the 
backwash trough. The cleaned sand then falls to the top of the media bed and the spent 
backwash is discharged over a weir.  

Advantages / Disadvantages. The upflow continuous backwash filter technology has the 
following advantages and disadvantages relative to the other filtration technologies under 
consideration. 

Advantages: 

 Established technology 

 Low maintenance due to minimal moving mechanical parts 

 Filter remains in service while backwashing 

Disadvantages: 

 Foreign objects can plug airlift pipe 

 Higher headloss through filter (than traveling bridge, disk, and cloth) 

 Higher backwash rates between 5 to 10 percent of total throughput 

5.6 Conventional Deep Bed Filtration 

Conventional deep bed filters consist of a media bed ranging in depth from 3 to 9 feet. An 
underdrain system is used to support the single or multimedia filter bed. During a 
backwash cycle, the entire filter must be taken out-of-service. A water supply reservoir and 
large pumps are required for backwashing of the filters. A solids separation process, such 
as a solids contact clarifier, is often used to separate the solids from the spent backwash 
water. In addition, equalization is typically provided to control the flow rate of spent 
backwash water back to the head of the plant.   

Advantages / Disadvantages. Conventional deep bed filtration offers the following 
advantages and disadvantages compared with other alternatives. 

Advantages: 

 Proven technology and simple operation 

 Deepest bed and multi-media configuration for better solids capture 

Disadvantages: 

 High headloss and requires an intermediate pumping station 

 High backwash volume with surge flows 

 Filter must be taken out of service for backwashing 
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5.7 Microfiltration (MF) 

Microfiltration (MF) is a low pressure membrane filtration system with a membrane pore 
size ranging from 0.1 to 10 micrometers (μm). Particle removal is achieved through size 
exclusion, or “sieving”.  Process water is passed across a semi-permeable membrane.  The 
treated water passing through the membrane is called filtrate, while the process water not 
passing is called the reject.  The reject water for MF typically ranges from 10 to 15 percent 
of total throughput.  The membranes are cleaned periodically with chemicals to remove 
solids and restore the hydraulic capacity. 

MF is a robust filtration system with the ability to reliably to produce filtrate with a turbidity 
less than 0.1 NTU.  MF is also proven to provide 4 log removal of Cryptosporidium and 
Giardia and 0.5 log removal of viruses.  The installation of MF membranes provides the 
required level of pretreatment for potential future advanced treatment processes such as 
reverse osmosis (RO) and advanced oxidation for micro constituents.  

MF membranes are available in two configurations, pressure vessels and submerged.  
Each of these configurations are presented in greater detail below. 

5.7.1 Submerged – Zenon 

Submerged MF systems are comprised of hollow fiber membranes or ranged in square 
cartridge which is then submerged in process water.  A vacuum is pulled drawing the filtrate 
across the membrane.  An air scour system is provided to agitate the water surrounding the 
membrane removing solids accumulation. 

5.7.2 Pressure Vessels – Siemens, Pall 

Pressure vessel MF systems are comprised of hollow fiber membranes enclosed within a 
pressurized vessel typically 6 to 8 inches in diameter.  Multiple pressure vessels are 
grouped together on a rack with common feed water and filtrate header pipes.  
Backwashing of the membranes is accomplished by reversing the flow through the 
membranes.     

Advantages / Disadvantages .Microfiltration offers the following advantages and 
disadvantages compared with other alternatives. 

Advantages: 

 Proven technology 

 Highest effluent quality 

 Compatible with potential future advanced oxidation technologies for removal of 
emerging micro-constituents 

 Compatible with potential future injection wells to prevent well plugging 
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Disadvantages: 

 High headloss and requires an intermediate pumping station 

 High backwash volume  

 Higher capital and operating costs 
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6.0 COMPARISON OF TERTIARY FILTRATION TECHNOLOGIES 

This section presents an economic comparison of the tertiary filter technologies.  Non-
economic factors that were considered are also presented and compared. 

6.1 Hydraulic Loading Criteria 

Design hydraulic loading criteria for each of the filtration alternatives are summarized in 
Table 6.1 for the Sundog and Airport WWTPs.  The resulting basis of design for Sundog 
and Airport WWTP filters is presented in Tables 6.2 and 6.3, respectively. 
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Table 6.1       Sundog and Airport WWTP Filter Hydraulic Loading Criteria 

Filter Technology 
Sundog Design Flows, mgd Airport Design Flows, mgd 

Acceptable Loading Rate, 
gpm/ft2 

Average 
Peak          

(Max Month) Average 
Peak            

(Peak Day) Average 
 

Peak               

Traveling Bridge Filters 5.3 10.6 9.1 18.2 2 4 

Disk Filters 5.3 10.6 9.1 18.2 3.25 6.5 

Cloth Media Filters 5.3 10.6 9.1 18.2 3.25 6.5 

Compressible Media Filters 5.3 10.6 9.1 18.2 30 36 
Upflow Continuous 
Backwash Filters 5.3 10.6 9.1 18.2 3.4 5 

Conventional Filters 5.3 10.6 9.1 18.2 2 5 

Microfiltration 5.3 10.6 9.1 18.2 40(2) 40(2) 
Note: 
(1) Flux rate in gpd/ft2 
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Table 6.2       Sundog WWTP Filtration Basis of Design Criteria 

Filter Technology 
Total Surface Area, ft2 No. Units Required New Concrete 

Basin or 
Structure 

Pump Station 
Required 

Average 
Peak           

(Max Month) Duty Standby 

Traveling Bridge Filters  3,120 3,120  2 1 yes no 

Disk Filters  1,764 1,764  2 1 no no 

Cloth Media Filters  2,600 2,600  1 1 no no 

Compressible Media Filters  174 253  4 1 yes yes 

Upflow Continuous 
Backwash Filters  1,146 1,526   27 1  yes yes 

Conventional Filters  2,400 1,964   4  1 yes yes 

Microfiltration (2)  132,500 265,000   11  1 yes yes 
Notes: 
(1)  Bold total surface area numbers indicates governing flow condition. 
(2)  Based upon a standard 50 module rack. 
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Table 6.3       Airport WWTP Filtration Basis of Design Criteria 

Filter Technology 
Total Surface Area, ft2 No. Units Required New Concrete 

Basin or 
Structure 

Pump Station 
Required 

Average 
Peak            

(Peak Day) Duty Standby 

Traveling Bridge Filters  4,025 4,025  6 1   yes no  

Disk Filters 2,750  2,750  4  1   yes   no 

Cloth Media Filters  4,160 4,160   1  1   yes  no 

Compressible Media Filters  294 400  7  1   yes  yes  

Upflow Continuous 
Backwash Filters  1,953 2,582   47  1   yes   yes 

Conventional Filters  4,200 3,600   6  1  yes    yes 

Microfiltration (2)  227,500 455,000   19  1  yes   yes  
Notes: 
(1)  Bold total surface area numbers indicates governing flow condition. 
(2)  Based upon a standard 50 module rack.
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6.2 Economic Comparison 

The capital costs associated with each of the filtration technologies are summarized in 
Tables 6.4 and 6.5 for the Sundog and Airport WWTPs, respectively.  The costs presented 
are for buildout flow conditions and include equipment, installation and labor.  The required 
infrastructure includes basins and buildings, pump stations if required, general 
requirements, electrical and instrumentation, and contingency. 

Operation and Maintenance (O&M) costs associated with each of the filtration technologies 
were also considered.  On a life cycle analysis, O&M costs are often the controlling factor in 
establishing the most economic alternative.  The O&M costs identified for the evaluation 
included labor, maintenance, power required for filtration equipment, downstream UV 
equipment power and chemicals. 

Power consumption for UV treatment processes are typically a significant portion of the 
power consumption for the entire plant.  Therefore, UV power consumption was evaluated 
for each of the filtration alternatives.  Higher effluent quality increases the percent 
transmittance value, which lowers the UV dose required to achieve Class A+ reclaimed 
water quality standards. 

A summary of the O&M costs associated with each of the filtration technologies are 
presented in Tables 6.4 and 6.5, both with and without UV power factored in, along with the 
present worth (PW) value of each alternative. 
 

 
 

Traveling Bridge Filter Disk Filter Cloth Media Filter Compressible Media Upflow Filters Conventional Microfiltration

Capital Cost $1,950,000 $2,166,000 $2,836,000 $2,970,000 $3,039,000 $4,740,000 $13,487,000

  Labor $13,000 $13,000 $13,000 $13,000 $13,000 $13,000 $52,000
  Maintenance (parts only $6,200 $8,400 $4,100 $800 $1,400 $10,300 $51,000
  Power ($0.10/kWH) $8,100 $2,400 $5,900 $16,700 $16,700 $16,400 $52,600
  Chemicals $5,000 $5,000 $5,000 $5,000 $5,000 $5,000 $114,000
Total Life Cycle Cost 
w/o UV $2,300,000 $2,500,000 $3,200,000 $3,400,000 $3,500,000 $5,300,000 $16,600,000
  UV Power $63,100 $63,100 $63,100 $63,100 $63,100 $63,100 $19,300
Total Life Cycle Cost 
w/ UV $3,000,000 $3,200,000 $3,900,000 $4,100,000 $4,200,000 $6,000,000 $16,800,000

Table 6-4.  Sundog WWTP Filtration Costs

O&M Cost ($/year)

Traveling Bridge Filter Disk Filter Cloth Media Filter Compressible Media Upflow Filters Conventional Microfiltration

Capital Cost $4,838,000 $3,818,000 $4,640,000 $4,541,000 $4,812,000 $11,676,000 $22,423,000

  Labor $13,000 $13,000 $13,000 $13,000 $13,000 $13,000 $52,000
  Maintenance $14,000 $13,000 $4,000 $5,000 $2,000 $14,000 $42,000
  Power $19,000 $4,000 $6,000 $17,000 $16,000 $16,000 $43,000
  Chemicals $5,000 $5,000 $5,000 $5,000 $5,000 $5,000 $93,000
Total Life Cycle Cost 
w/o UV $5,400,000 $4,200,000 $5,000,000 $5,000,000 $5,200,000 $12,200,000 $25,100,000
  UV Power $110,000 $110,000 $110,000 $110,000 $110,000 $110,000 $39,000
Total Life Cycle Cost 
w/ UV $6,700,000 $5,500,000 $6,200,000 $6,300,000 $6,500,000 $13,500,000 $25,500,000

O&M Cost ($/year)

Table 6-5.  Airport WWTP Filtration Costs
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6.3 Non-Economic Comparison   

The preliminary screening process also considered non-economic factors. These factors 
are subjective but may have a significant impact on the general appeal of a technology.  
The non-economic factors identified for tertiary filtration were effluent quality, proven 
technology, operational complexity, compatibility with advanced oxidation processes 
(AOPs), and footprint.  Table 6.6 shows a relative comparison of the filtration technologies 
based on a score basis of 1 through 10 (higher value means more desirable).  A multiplier 
was also applied to each of the non-economic factors to properly weigh those factors most 
important to the City.  The filtration technology with the highest overall total score is the 
most attractive process based on a comparison of these non-economic factors. 
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Table 6.6       Non-Economic Factor Comparison 

 Effluent Quality Proven 
Technology 

Operational 
Complexity 

Compatibility with 
Future AOPs 

Footprint  
Total 

Overall 
Score 

 

Weighting Factor x 5 x 4 x 3 x2 x2 

Treatment 
Technology 

Raw 
Score 

Weighted 
Score 

Raw 
Score 

Weighted 
Score 

Raw 
Score 

Weighted 
Score 

Raw 
Score 

Weighted 
Score 

Raw 
Score 

Weighted 
Score 

Traveling Bridge 
Filter 

7 35 9 36 6 18 5 10 4 8 107 

Disk Filters 7 35 9 36 8 24 5 10 8 16 121 

Cloth Media Filters 7 35 7 28 7 21 5 10 6 12 106 

Compressible 
Media Filters 

6 30 4 16 5 15 3 6 8 16 83 

Upflow Filters 5 25 8 32 6 18 3 6 6 12 93 

Conventional 
Filters 

7 35 9 36 3 9 5 10 3 6 96 

Microfiltration 10 50 7 28 4 12 10 20 4 8 118 

Comparison of non-economic factors where 10 = best and 1 = worst 
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7.0 SUMMARY AND RECOMMENDATIONS 

The results of the tertiary filtration technologies evaluation are summarized in Table 7.1.  
Traveling bridge and disk filters provide the lowest overall cost and ranked third and first, 
respectively, in the non-economic evaluation.  Microfiltration ranks high on the non-
economic criteria in second place, due to process performance and compatibility with AOPs 
to address potential future regulations.  The evaluation of cloth media, compressible media, 
upflow and conventional filters resulted in increased cost and lower non-economic criteria 
scores.  Based on the evaluation traveling bridge filters, disk filters and microfiltration were 
selected for further consideration. 

Site visits were recommended to allow City personnel an opportunity to tour facilities 
equipped with these technologies and discuss operational experience with the plant 
operators.  Since the City operates two facilities equipped with traveling bridge filters with 
conventional underdrains, a site visit for this technology was not conducted.  Pinewood 
Sanitation District (PSD) operates a facility in Munds Park equipped with a Gravisand type 
traveling bridge filters.  The City of Flagstaff operates two facilities that have Kruger disk 
filters installed in existing traveling bridge filter bays.  The filter bays are not retrofit with disk 
filters at the Wildcat Hill WWTP were recently refurbished with a Gravisand system.  The 
City of Scottsdale Water campus operates both disk filters and microfiltration.  Agua-
Aerobic disk filters were installed in the existing conventional filter bays after an underdrain 
failure.  Microfiltration was installed for reverse osmosis pretreatment for discharge to 
recharge basins.  The Fountain Hills Sanitation District operates a microfiltration advanced 
water treatment facility (AWTF) to reduce turbidity of the WWTP’s effluent prior to aquifer 
storage and recovery (ASR) wells to prevent well plugging. 

Traveling bridge filters have performed adequately at both the Sundog and Airport WWTP 
but there have been some maintenance issues.  There have also been effluent samples 
that would exceed Class A+ standards.  These have occurred during peak wet weather 
events and correspond to operational experience at other TBF installations.  TBFs perform 
well at average flow conditions, but experience effluent degradation due to break through at 
peak flow.  Newer technology with relatively the same cost and fewer operational issues, 
prevents traveling bridge filters from being recommended for new installations. 

Disk filters provide a larger filtration area in a smaller footprint then traveling bridge filters.  
Operator input during the site visits was favorable toward the technology.  The Rio de Flag 
WRP operators stated a large reduction in time of maintenance relative to their old traveling 
bridge filters.  Routine maintenance of the Kruger filters can be accomplished at operator 
level with out removing the filter from service.  Agua-Aerobic filters require the basin to be 
taken off-line to access the disks and the installation require a higher side water depth than 
the Kruger installations.  Process performance was also cited by the plant operators, 
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specifically the ability to handle process upset with high solids loadings.  The filters at the 
Scottsdale Water Campus have clogged to the point of overflowing the basins during one 
process upset but maintained effluent quality.   The plant operations superintendent 
attributed this overflow to issues with operation rather than the performance of the 
equipment.  The City has also recently installed disk filters at other facilities based on the 
performance at the Scottsdale Water Campus. 

Microfiltration provides superior process performance and ability to meet future regulations.  
The cost of microfiltration is significantly higher than the other two technologies that also will 
meet Class A+ standards.  Potential future regulations is one factor in accessing the 
viability of microfiltration, however there is a high price tag to address regulations yet to be 
promulgated.  The Fountain Hills AWTF and Scottsdale Water Campus were equipped with 
microfiltration to address issues with groundwater recharge.  The City does not currently 
have any capacity or plugging issues and ASR wells are not planned for in the near future. 

Therefore, the recommended tertiary filtration alternative for implementation at the Sundog 
and Airport WWTPs is disk filters.  Disk filters provide a good mixture of low cost, reliable 
performance and low maintenance. 
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Table 7.1       Preliminary Screening Results of Tertiary Filtration Technology  

Process Name Advantages Disadvantages Total PW Cost  
($ mil) 

 
Results 

Traveling Bridge Filters  Proven technology 
 Filter remains in service during backwash 
 Low backwash rates, 2 to 5 percent of total 

throughput  
 Low headloss through filter 

 Moderate equipment complexity (moving parts) 
 Higher maintenance requirements 
 Less effective in handling peak loads 

$7.7 Ranking: 
Cost – 2nd 
Other – 3rd 

Disk Filters  Small footprint and use of existing basins 
 Low headloss through filter 
 Very low backwash water requirements, less 

than 1% of throughput 
 Filter remains in service while backwashed 
 Handles peak loadings well 
 Simple  operation, low maintenance 

 Cloth media may not be compatible with polymer 
addition, if required for filter performance 
optimization 

 Slightly lower effluent quality compared with 
traveling bridge filters under normal loadings (but 
meets Class A+) 

$ 6.7 Ranking: 
Cost – 1st 
Other – 1st 

Cloth Media Filters  Small footprint 
 Low headloss through filter 
 Very low backwash water requirements, less 

than 1 % of throughput 
 Filter remains in service while backwashed 

 Moderate equipment complexity (moving parts) 
 Shorter performance/reliability track record in 

comparison with traveling bridge filters and disc 
filters 

 Cloth media may not be compatible with polymer if 
required for filter performance optimization 

 Proprietary equipment and would be difficult to 
achieve competitive bidding 

$ 8.2 Ranking: 
Cost – 3rd 
Other – 4th 

Compressible Media Filters  Smallest footprint 
 Designed for significantly higher hydraulic 

loading rates 
 Low backwash rates 
 Porosity of media is adjustable 

  High headloss and requires an intermediate pumping  
        station 
   Fewer installations compared with traveling bridge,   
        disk, and cloth technologies 
 Filter must be taken out-of-service for backwashing 

$ 8.4 Ranking: 
Cost – 4th 
Other – 7th 

 

Upflow Continuous 
Backwash Filters 

 Established technology 
 Low maintenance due to no moving 

mechanical parts 
 Filter remains in service while backwashed 
 

 Foreign objects can plug airlift pipe 
 Higher headloss through filter (than traveling bridge, 

disk, and cloth 
 Higher backwash rates between 5 to 10 percent of 

total throughput 

$ 8.7 Ranking: 
Cost – 5th 
Other – 6th 

Conventional Deep Bed 
Filters 

 Proven technology and simple operation 
 Deepest bed and multi-media configuration 

for better solids capture 

 High headloss and requires an intermediate 
pumping station 

 Highest backwash volume with surge flows 
 Filter must be taken out of service for backwashing 

$17.5 Ranking: 
Cost – 6th 
Other – 5th 

Microfiltration  Proven Technology 
 Highest effluent quality 
 Compatible with potential future oxidation 

technologies for removal of emerging micro-
constituents 

 Compatible with potential future injection 
wells to prevent well plugging 

 High headloss and requires intermediate pumping 
station 

 High backwash volumes 
 Higher capital and operating costs 

$ 41.7 Ranking: 
Cost – 7th 

Other – 2nd 
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7.1 Sundog WWTP Near Term Filter Improvements   

The existing traveling bridge filters at the Sundog WWTP have recently experienced failures 
in the porous plates as discussed in Section 2.1.  Plant operators have worked diligently to 
produce reasonable effluent quality. However, it is anticipated that effluent quality will 
deteriorate over time and it will be very difficult to achieve reasonable effluent quality during 
the monsoon season and peak wet weather events.  For these reasons, we recommend 
replacement of the filters as soon as possible.  Disk filters have been selected as the 
preferred alternative based on the evaluation conducted in this memorandum. 

Two disk filter units will be required to meet maximum month flow conditions with one unit 
out of service, using the peaking factor determined in Section 3.0.  With both units in 
service, the disk filters will also be able to handle peak dry weather flow events. A single 
traveling bridge filter bay will provide adequate tank capacity for two new disk filters.  The 
recommended design criteria for the new disk filters is shown in Table 7.2. 
 

Table 7.2       Sundog WWTP Disk Filter Design Criteria 
Parameter Design Criteria 

Number of Units 
 
Capacity, mgd 

AA 
MM (with 1 unit out of service) 
 

Hydraulic Loading Rate, gpm/sf 
AA 
MM (with 1 unit out of service) 

1 (plus 1 standby) 
 
 

2.5 
5.0 

 
 

3.25 
6.5 

 
For planning purposes, the estimated engineering and construction costs for the new disk 
filters at the Sundog WWTP are summarized in Table 7.3.   
 

Table 7.3       Sundog WWTP New Term Filter 
                       Improvements Cost 

General Requirements 

Disk Filter Equipment 

Basin Modifications 

Electrical 

Subtotal 

Contingency (30%) 

Total Construction Cost 

Engineering Fee 

Total Cost 

$125,000 

$1,000,000 

$50.000 

$275,000 

$1,450,000 

$435,000 

$1,885,000 

$250,000 

$2,135,000 
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Technical Memorandum No. 7 

SITE VISIT SUMMARY 

1.0 SCOPE 

The draft version of Technical Memorandum #7 ranked traveling bridge filters, disk filters 
and microfiltration as the top three filtration alternatives based on the economic and non-
economic criteria.  Site visits were recommended to familiarize City staff with each of the 
likely filtration alternatives and discuss the pros/cons with the operations staff at each of the 
facilities.  The City operates two plants with traveling bridge filters equipped with 
conventional underdrains; therefore, no site visit was taken for this alternative. Site visits 
were conducted on June 5th and 10th to view Gravisand traveling bridge filter, disk filter and 
microfiltration facilities.  The purpose of this technical memorandum is to summarize the 
results/observations of the site visits. 

2.0 TRAVELING BRIDGE FILTERS - GRAVISAND 

The Pinewood Sanitation District (PSD) and City of Flagstaff both operate facilities 
equipped with Gravisand traveling bridge filters.  The PSD WWTP is rated for 600,000 
gallons per day and is equipped with two Gravisand filters installed in above-grade steel 
tanks.  At the City of Flagstaff Wildcat Hill WWTP a Gravisand pipe underdrain system was 
installed in the existing traveling bridge filters to replace the failed conventional underdrain 
system.  The retrofit maintained the existing traveling bridges, replacing only the underdrain 
system to provide a cost effective, to reduce the cost of the installation.  A similar strategy 
could be employed to replace the failed underdrain system of the Sundog WWTP filters. 

Key observations and operator comments are listed below for the Gravisand filter 
installations: 

 The Gravisand filters at PSD were designed without cell divider plates, while the 
retrofit units at the Wildcat Hill WWTP maintained the cell divider plates. 

 The lack of cell divider plates at PSD resulted in a more uniform depth of filter media 
throughout the basin as compared to the filters at the Wildcat Hill WWTP.  The cell 
divider plates at the Wildcat Hill WWTP appeared to produce areas of higher 
velocity in the center of the cell compared to the perimeter resulting in the mounding 
of media along the cell divider plates. 

 The existing traveling bridges were maintained at the Wildcat Hill WWTP to reduce 
the overall cost of the filter retrofit project. 

 The Wildcat Hill WWTP filters are still subject to “blinding” during process upsets 
requiring bypassing of the filtration process. 
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3.0 DISK FILTERS 

Disk filter installations were viewed at the City of Flagstaff Rio de Flag WRP and Wildcat 
Hill WWTP, Fountain Hills WWTP and the City of Scottsdale Water Campus.  The Rio de 
Flag WRP and Wildcat Hill WWTP are both equipped with disk filters manufactured by 
Kruger and have been in service for approximately one year.  Both installations are a retrofit 
of an existing traveling bridge filter bay, which would be similar to the Sundog WWTP.  The 
Kruger disk filters are partially submerged and allow for installation in existing traveling 
bridge filter bays with minimal modifications.  A single traveling bridge filter bay at the Rio 
de Flag WRP was retrofit with three disk filter units.  The second traveling bridge filter bay 
may be retrofit in the future to double the plant capacity without construction of additional 
basins. 

Key observations and operator comments are listed below for the Kruger disk filter 
installations: 

 Operators stated that the disk filters required less routine maintenance than the 
previous traveling bridge filters.  Disk filters only require weekly inspection. 

 Each disk filter is self contained with all appurtenances mounted directly on the 
frame. 

 Operators stated that the disk filters meet all Class A+ reclaimed water quality 
standards. 

 Effluent turbidity is slightly higher than the previous traveling bridge filters during 
periods of average flow conditions (still meeting required water quality standards). 

 Disk filters handle peak flow and process upset (i.e. higher solids loading) events 
better than the traveling bridge filters. 

 All maintenance of the filters and filter panel replacement can be performed at 
operator level without taking the filter off-line. 

 Algae growth occurs within the filter on the frame supporting the filter panels.  The 
operators at the Rio de Flag WRP have added pool chlorine tablets within the filter 
backwash strainer to reduce the growth of algae and maintain filter capacity.  Each 
tablet lasts approximately one week under normal operations. 

 Filter backwash events originally resulted in large flow fluctuations to the UV 
disinfection system.  The filters have since been programmed to backwash one unit 
at a time to reduce the fluctuations in flow for better UV disinfection process control. 

 The operators have an overall favorable opinion of the disk filters in comparison to 
the previous traveling bridge filters.  

The Fountain Hill WWTP and Scottsdale Water Campus are both equipped with the Aqua-
Aerobics disk filters.  The Fountain Hills WWTP was the first installation of cloth disk filters 
in Arizona and has been in operation for approximately 10 years.  The filters have since 
been upgraded with the pile cloth media, which is now a standard for Aqua-Aerobics disk  
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filters.  The Scottsdale Water Campus installed disk filters in their existing conventional filter 
basins after a failure of the filter underdrain.  The Aqua-Aerobics disk filters have an 
“outside-in” flow pattern and require the disks to be fully submerged for proper operation 
resulting in a deeper basin depth than the Kruger disk filters. 

Key observations and operator comments are listed below for the Aqua-Aerobics disk filter 
installations: 

 A deeper basin is required to provide full submergence of the disks resulting in 
additional modifications to traveling bridge filter bays for retrofit with disk filters. 

 The disk filters at the Water Campus experienced a “blinding” event due to a upset 
within the plant process resulting in unfiltered secondary effluent overtopping the 
filter bays.  The plant operations superintendent attributed this event to operational 
issues rather than filter design or performance. 

 The amount of backwash water is significantly less than that of conventional 
filtration and does not require flow equalization of the backwash water sent to the 
head of the plant. 

 The disk filters remain in service during filter backwash. 

 The Aqua-Aerobics disk filters are required to be off-line during service/replacement 
of the filter panels reducing the filtration capacity of the system. 

 The backwash pumps are located external to the disk filter units requiring additional 
piping, valves and control. 

4.0 MICROFILTRATION 

Microfiltration installations were viewed at the Fountain Hill Advanced Water Treatment 
Facility (AWTF) and the City of Scottsdale Water Campus.  Both installations were 
designed to meet requirements for groundwater recharge, specifically to prevent clogging in 
the recharge wells and basins.  The microfiltration units were installed at the Water Campus 
in 1999 and at the Fountain Hills AWTF in 2001.  Both systems lack the advanced 
automation and control features of more recent installation, however little has changed with 
the actual filter cartridge design.  The microfiltration processes at both facilities require 
significant infrastructure and equipment for proper operation including influent pumps, 
strainers and chemical feed systems.   

Key observations and operator comments are listed below for the microfiltration 
installations: 

 Microfiltration was employed at the Fountain Hill AWTF to reduce turbidity and 
prevent clogging of the aquifer storage and recovery (ASR) wells. 

 Microfiltration at the Water Campus was employed as a pretreatment process for 
the reverse osmosis (RO) membranes. 
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 Each rack contains multiple cartridges, however each of the individual cartridges 
can be isolated and repaired in place without taking the entire rack off-line. 

 Chemical cleaning is required to maintain capacity necessitating multiple chemical 
feed systems. 

 The complexity of the process requires increased operator attention and routine 
maintenance. 

 Microfiltration provides superior and more consistent process performance over the 
other filtration alternatives visited. 

 Membranes are typically operated at a constant flux rate with little to no peaking 
capacity.  This requires the installation of additional filter elements to handle the 
peak flow of the system. 
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ES8 TM 8 – BIOSOLIDS PLANNING CONDITIONS 
 
ES8.1 Introduction 

The main objectives of this Technical Memorandum No. 8 are to establish existing 
conditions and identify future trends in biosolids management. Existing conditions of solids 
handling equipment, materials, processes, and costs are established. Future trends in 
regional land use and availability, as well as regulatory issues are identified as they relate 
to the City’s biosolids management program. 

ES8.2 Background 

Biosolids are typically disposed of in landfills or are beneficially reused through land 
application. Biosolids disposal and land application is federally regulated by the EPA 40 
CFR 503. The Arizona Department of Environmental Quality (ADEQ) enforces the federal 
regulations and administers the biosolids program in Arizona, with oversight by the U.S. 
EPA. Table 8.4 presents a brief summary of the ADEQ, Class A, and Class B biosolids 
requirements and associated land application restrictions. A more detailed discussion of 
EQ, Class A, and Class B biosolids regulations are provided in Appendix A of Technical 
Memorandum No. 8. 
 

Table ES8.1 Biosolids Classifications and Disposal Options Summary 
Technical Memorandum No. 8 – Biosolids Planning Conditions 
City of Prescott, Arizona 

 Exceptional Quality Class A Class B 

Requirement Fecal coliform density 
<1000 MPN/g total 
dry solids or 
Salmonella density 
<3 MPN/4 g total dry 
solids. 

Fecal coliform density 
<1000 MPN/g total 
dry solids or 
Salmonella density 
<3 MPN/4 g total dry 
solids. 

Achieve pathogen 
and vector attraction 
reduction. 

 Reduce pathogen 
levels to below 
detectable limits. 

Reduce pathogen 
levels to below 
detectable limits. 

 

 Achieve vector 
attraction reduction 
via limited options. 

Achieve vector 
attraction reduction. 

 

 Must meet monthly 
average metal 
concentration limits. 

Must meet ceiling 
metal concentration 
limits and metal 
loading rates. 
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Table ES8.1 Biosolids Classifications and Disposal Options Summary 
Technical Memorandum No. 8 – Biosolids Planning Conditions 
City of Prescott, Arizona 

 Exceptional Quality Class A Class B 

Can be applied 
to… 

Anywhere. Nurseries, gardens, 
golf courses, parks, 
and areas where 
contact with general 
public is possible. 

Agriculture, landfill, & 
areas with no 
potential contact with 
general public. 

ES8.3  Existing Conditions 

The Sundog WWTP produces Class B biosolids that are disposed of via land application. 
Solids handling and treatment facilities at the Sundog WWTP include waste activated 
sludge (WAS) thickening, anaerobic digestion of combined primary sludge and thickened 
WAS, and dewatering of digested sludge.  

The current solids handling practice at the Airport WRF is dewatering undigested sludge, 
followed by landfill disposal. WAS is continuously pumped to an aerated solids holding tank, 
where it is slightly thickened by gravity. The thickened WAS is sent to the centrifuge 
building for dewatering and subsequent disposal via a roll-off bin. 

The current biosolids management program costs include processing, hauling, and disposal 
of the biosolids generated at the Sundog WWTP and Airport WRF. The costs of the 
biosolids management program are summarized in Table 8.10. Since April 2009, biosolids 
from the Airport WRF are not sent to the Sundog WWTP, and are sent to landfill disposal 
after dewatering. Biosolids from the Sundog WWTP are disposed of via land application.  

The overall unit cost for biosolids management at the Airport WRF is 74 percent higher than 
the costs at the Sundog WWTP. The main reason for this difference is the higher disposal 
cost associated with the Airport WRF sludge ($29.50 per wet ton for land application, 
versus $47.00 per wet ton for landfill disposal). 
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Table ES8.2 Existing Biosolids Management Program Costs Summary 
Technical Memorandum No. 8 – Biosolids Planning Conditions 
City of Prescott, Arizona 

Cost (1) Sundog WWTP Airport WRF 

Annual Energy Costs $41,493  (24%) $22,888 (21%) 
Annual Chemical Costs $24,220  (14%) $31,415 (29%) 
Annual Biosolids Disposal Costs(2),(3) $105,394  (61%) $52,235 (49%) 
Annual Miscellaneous Costs $2,972  (2%) $301 (0.3%) 
Total Annual Operating Costs $174,079 (100%) $106,839 (100%) 
Biosolids Produced (2) 3,334 wet tons 1,159 wet tons 
Unit Cost $52.2 / wet ton $92.2/ wet ton 
Notes: 

(1) All costs are based on 2009 process operational data and cost information provided by City of 
Prescott. A detailed breakdown is presented in Appendix B. 

(2) Quantities of Airport WRF biosolids in the first three months of 2009 were estimated using a 
monthly average of April to December 2009.  

(3)  The current contract for biosolids transport and disposal establishes a fixed cost of $29.5 per wet 
ton for land application, and $47.0 per wet ton for landfill disposal. 

ES8.4  Biosolids Quantities 

Existing and future solids production for the Sundog WWTP and Airport WRF are presented 
in Table 8.11.  
 

Table ES8.3 Existing and Projected Biosolids Production – Sundog WWTP and 
Airport WRF 

Technical Memorandum No. 8 – Biosolids Planning Conditions 
City of Prescott, Arizona 

 Sundog 
WWTP 

Plant Flow

Airport 
WRF 

Plant Flow

Sundog WWTP 
Dewatered 
Biosolids 

Airport WRF 
Dewatered 
Biosolids 

mgd mgd lb/day 
wet tons/ 

day (2) lb/day 
wet tons/ 

day (2) 

Existing (1), AADF 2.6 1.1 3,653 9.1 1,389 3.2 

Existing, MMADF 5.2 1.5 6,377 15.9 2,729 6.2 

Ultimate, AADF 5.4 9.6 7,588 19.0 16,371 40.9 

Ultimate, MMADF 10.8 13.4 13,244 33.1 29,479 73.7 
Notes: 
(1) Based on 2009 operational data 
(2)  Assumes a total solids concentration of 20 percent. 
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ES8.5  Biosolids Management Trends 

There are no specific new federal regulatory initiatives planned in the near-term. Similar to 
regulations for liquid processes in wastewater treatment, personal health care products and 
pharmaceuticals in biosolids is an issue on the horizon, but no impending regulatory 
programs are envisioned to address these compounds in the near future. 

There are no formal restrictions for the land application of biosolids in the State of Arizona. 
However, a number of counties in California have implemented full or partial bans of 
Class B biosolids land application. Others have restricted the application of biosolids 
entirely - regardless of their classification. 

Most facilities in Arizona produce either Class B or unclassified biosolids, with only a few 
facilities producing Exceptional Quality or Class A biosolids.  

The City’s biosolids are currently applied at either the Hauser and Hauser site or at the 
Orme Ranch site. However, there are other registered land application sites within a similar 
distance from Prescott. In the short term, there are no apparent land availability issues for 
Class B biosolids produced from the City. 

The future trend in land availability for Yavapai County is generally consistent with trends 
occurring in the State of Arizona, particularly in other Counties experiencing significant 
population growth. The statewide trend shows a reduction in farmland acreage. The rate 
(percentage) of farmland acreage loss in Yavapai County is significantly greater than the 
statewide trend, but similar to other fast-growing counties such as Maricopa County and 
Yuma County. 

In general, there are no indications in the short-term that would indicate an urgent need to 
take the existing level of biosolids treatment beyond Class B quality. In the long-term, 
production of Exceptional Quality or Class A biosolids can provide an improved degree of 
flexibility for biosolids disposal given the trends of reduced availability of cropland areas and 
increased concerns from the general public. However, a detailed analysis of disposal 
alternatives is recommended before embarking on investments towards the production of 
Class A or Exceptional Quality biosolids, in order to analyze the cost-benefits of the 
increased level of biosolids treatment. 

There are no regulatory issues in the horizon that would significantly affect biosolids 
management in the short and medium term. However, the potential risks posed by of micro 
constituents and emerging contaminants are currently being evaluated at the research 
level.  
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1.0 INTRODUCTION 

This technical memorandum is part of the Master Planning, Design, and Local Limits project 
for the City of Prescott Airport Wastewater Reclamation Facility (WRF) and Sundog 
Wastewater Treatment Plant (WWTP). This Technical Memorandum (TM) No. 8 is one of 
the elements of Part 3 – Airport and Sundog WWTPs Biosolids Master Plan, and it 
addresses Task Group 1100 – Define Planning Conditions. 

The main objectives of this TM No. 8 are:  

 To establish and document current conditions in regards to solids handling 
equipment, materials and processes. 

 To establish and document current biosolids management program costs, including 
processing, hauling, tipping fees, and disposal costs. 

 To identify future trends in regional land use and land availability for biosolids 
disposal. 

 To identify future regulatory trends that impact the current biosolids management 
program, as well as to identify regional and national trends and practices at other 
municipal facilities in the region. 

 To establish the projected biosolids quantities based on historical solids production 
in conjunction with future increases in flows and loads. 

1.1 Reference Documents 

The following reference documents were used for the preparation of this TM No. 8: 

 Code of Federal Regulations Title 40, Section 503 (40 CFR 503). U.S. 
Environmental Protection Agency (U.S. EPA). 

 Arizona Administrative Code, Title 18 - Environmental Quality. Chapter 9, 
Supplement 05-3, Article 10. State of Arizona. 

 Sundog WWTP and Airport WRF Operational Data. 
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2.0 BACKGROUND 

Two terms are commonly used to describe the solids generated by a typical wastewater 
treatment process - “sludge” and “biosolids”. The term “sludge” is generally used to 
describe wastewater solids prior to stabilization and in conjunction with a specific process 
descriptor, such as in “primary sludge,” “waste activated sludge,” or “secondary sludge.” 
Biosolids are defined as organic solid residuals resulting from the treatment of domestic 
sewage at a wastewater treatment facility. The term “biosolids” is promoted by The Water 
Environment Federation to indicate that wastewater solids are organic products, which have 
beneficial end-use properties. Sludge generated by a wastewater treatment facility is 
defined as biosolids once beneficial use criteria (as determined by compliance with the 
U.S. EPA 40 CFR 503) have been achieved through stabilization processes. Stabilization 
processes are described as those that help reduce pathogens, reduce vector attraction, and 
eliminate offensive odors and the potential for decomposition. 

2.1 Biosolids Disposal Regulations 

Biosolids are typically disposed of in landfills or are beneficially reused through land 
application. The broad category of land application includes all forms of applying bulk 
biosolids to land for beneficial use at agronomic rates (i.e. the nutrient uptake of the 
associated crop that the biosolids fertilize). As nitrogen is typically the limiting nutrient, the 
biosolids application must match the crop’s nitrogen uptake rate.  

Biosolids disposal and land application is federally regulated by the EPA 40 CFR 503. The 
Arizona Department of Environmental Quality (ADEQ) enforces the federal regulations and 
administers the biosolids program in Arizona, with oversight by the U.S. EPA. Biosolids 
disposal in Arizona is regulated under the Arizona Administrative Code, Title 18, Chapter 9, 
Article 10.  

2.1.1 Biosolids Classifications 

The 40 CFR 503 regulations classify biosolids as Exceptional Quality (EQ), Class A or 
Class B according to the level of treatment provided to reduce pathogens and vector 
attraction. Pathogens are defined as disease-causing organisms such as bacteria, viruses, 
and parasites. The reduction of pathogens in biosolids is necessary to prevent the spread 
of disease. Pathogens can be carried and transferred via vectors such as flies, mosquitoes, 
fleas, rodents, and birds. To further prevent the spread of disease-laden pathogens, 
biosolids must also be treated to reduce their attractiveness to vectors.  

The 40 CFR Part 503 regulations also regulate the allowable biosolids inorganic content 
(i.e. heavy metals). Lower inorganic content further reduces the restrictions placed on 
beneficial use practices. EQ is the highest quality defined by the 503 regulations. EQ 
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biosolids have very low heavy metal content and have been treated to Class A pathogen 
and vector attraction reduction levels.  

Class B biosolids may only be applied where there is no possibility of contact with the 
general public (i.e. certain types of agriculture, landfill, etc.). Additional restrictions 
associated with Class B biosolids prevent crop harvesting, animal grazing, and public 
access for a defined period of time until environmental conditions have further reduced 
pathogens. EQ and Class A biosolids, however, have less stringent requirements 
associated with application and may be land applied where contact with the general public 
is possible (i.e., nurseries, gardens, golf courses, etc.). The 503 regulations allow 
unrestricted distribution and reuse of EQ biosolids up to agronomic limits. Ultimately, the 
higher the level of treatment to reduce pathogens and vector attraction, the fewer 
restrictions there are for beneficial reuse. 

Table 8.4 presents a brief summary of the EQ, Class A, and Class B biosolids requirements 
and associated land application restrictions. More detailed discussion of EQ, Class A, and 
Class B biosolids regulations are provided in Appendix A. 
 
Table 8.4 Biosolids Classifications and Disposal Options Summary 

Technical Memorandum No. 8 – Biosolids Planning Conditions 
City of Prescott, Arizona 

 Exceptional Quality Class A Class B 
Requirement Fecal coliform density 

<1000 MPN/g total 
dry solids or 
Salmonella density 
<3 MPN/4 g total dry 
solids. 

Fecal coliform density 
<1000 MPN/g total 
dry solids or 
Salmonella density 
<3 MPN/4 g total dry 
solids. 

Achieve pathogen 
and vector attraction 
reduction. 

 Reduce pathogen 
levels to below 
detectable limits. 

Reduce pathogen 
levels to below 
detectable limits. 

 

 Achieve vector 
attraction reduction 
via limited options. 

Achieve vector 
attraction reduction. 

 

 Must meet monthly 
average metal 
concentration limits. 

Must meet ceiling 
metal concentration 
limits and metal 
loading rates. 

 

Can be applied 
to… 

Anywhere. Nurseries, gardens, 
golf courses, parks, 
and areas where 
contact with general 
public is possible. 

Agriculture, landfill, & 
areas with no 
potential contact with 
general public. 
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3.0 EXISTING CONDITIONS 

The City of Prescott owns and operates two wastewater treatment plants with different 
levels of biosolids treatment. The Sundog WWTP employs anaerobic digestion for sludge 
stabilization, and produces Class B biosolids suitable for land application. The Airport WRF 
does not have sludge stabilization processes at the moment; waste activated sludge is 
currently dewatered and sent to landfills for disposal. The City currently has contracted 
operations for biosolids transport and disposal from both treatment facilities to either landfill 
disposal or land application sites. 

Currently, the City’s Class B biosolids are land applied at either the Hauser and Hauser site 
or at the Orme Ranch site near Prescott. Unclassified sludge is sent to the Gray Wolf 
Landfill (owned and operated by Waste Management of Arizona, Inc.). 

3.1 Existing Processes at Sundog WWTP 

Solids handling and treatment facilities at the Sundog WWTP include waste activated 
sludge (WAS) thickening, anaerobic digestion of combined primary sludge and thickened 
WAS, and dewatering of digested sludge. The resulting Class B biosolids are disposed of 
via land application. 

3.1.1 WAS Thickening 

Two gravity belt thickeners (one duty and one standby that has been used to supply 
replacement parts for the duty unit) are used to thicken waste activated sludge prior to 
anaerobic digestion. Thickened sludge pumps deliver thickened sludge to the anaerobic 
digesters. Design criteria for the gravity belt thickeners is presented in Table 8.5.
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Table 8.5 Sundog WWTP Waste Activated Sludge Thickening Design Criteria 
Technical Memorandum No. 8 – Biosolids Planning Conditions 
City of Prescott, Arizona 

Thickening units  

Number 2 (1 duty) 

Type Gravity Belt 

Hydraulic capacity, gpm 100 

Maximum solids loading, lb/day 4,540 

Belt width, meters 1.0 

Motor horsepower, each 1 

Thickened WAS pumps  

Number 2 (1 duty + 1 standby) 

Type Progressive cavity 

Rated capacity, gpm 50 

Normal pressure range, psi 8-12 

Motor horsepower, each 5 

3.1.2 Anaerobic Digestion 

Sludge stabilization is achieved by anaerobic digestion of primary sludge and thickened 
WAS. The digestion facilities include two anaerobic digesters operating in series. The 
primary digester has a fixed cover, and the secondary digester has a floating cover. Piping 
and equipment are provided and configured so that the secondary digester can serve as a 
standby primary digester. Design criteria for the anaerobic digestion facilities is presented in 
Table 8.6. 

Table 8.6 Sundog WWTP Anaerobic Digestion Facilities Design Criteria  
Technical Memorandum No. 8 – Biosolids Planning Conditions 
City of Prescott, Arizona 

Anaerobic digesters  

Number of digesters 2 

Diameter, ft 50 

Sidewater depth, ft 25 

Volume each, ft3 49,000 

Primary digester max month SRT, days 12.1 

Primary digester max month volatile solids 
loading, ppd/1000 ft3 

163 

Existing average gas production, ft3/day 35,000 

Gas heat value, MBtu/day 32.3 

Max month heat required, MBtu/day 12.9 

Digester mixing  

Type Draft tube mechanical mixers 
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Table 8.6 Sundog WWTP Anaerobic Digestion Facilities Design Criteria  
Technical Memorandum No. 8 – Biosolids Planning Conditions 
City of Prescott, Arizona 

Number circulating capacity per unit, gpm 7,600 

Motor horsepower  5 

Sludge heaters  

Type Combination boiler/heat exchanger 

Number  2 (incl. 1 standby) 

Boiler rating, MBtu/hr  1.0 

Exchanger capacity, MBtu/hr 0.5 

Sludge recirculation pumps   

Number SRP-1 & 2  

Type Horizontal end 
suction chopper 

 

Rated capacity, gpm 350  

Rated head, ft 13  

Motor horsepower 7.5  

Digester sludge pumps  

Number 2 

Type Progressing cavity 

Rated capacity, gpm 100 

Pressure range, psi 2-5 

Motor horsepower 7.5 

3.1.3 Dewatering 

Biosolids dewatering is achieved with belt press dewatering equipment. Shortly after 
completion of the 1990 improvements, the City purchased and installed one belt dewatering 
press in a temporary structure. A permanent belt press facility was included in the 1990 
project design, but was postponed for budget reasons. Design criteria for the belt 
dewatering press is presented in Table 8.7. 
 

Table 8.7 Sundog WWTP Belt Press Design Criteria 
Technical Memorandum No. 8 – Biosolids Planning Conditions 
City of Prescott, Arizona 

Number of units 1 

Belt width, meters 2 

Motor horsepower 5 

Polymer Dry system 

Batch tanks 2 

Volume, gals 350 

Metering pumps 1 



 
 

 

  8-7 03/16/2011 
 
    In Association with   

3.2 Existing Processes at Airport WRF 

New solids handling facilities were added to the Airport WRF as part of the Centrifuge 
Building and Equipment Installation Project in 2009. Sludge dewatering operations with the 
new solids handling facilities began in April 2009. An older secondary clarification basin 
was converted into an aerated solids holding tank, and a new building was added to the 
plant facilities, which includes a dewatering centrifuge and its associated equipment. 

The current solids handling practice at the Airport WRF is dewatering undigested sludge, 
followed by landfill disposal. WAS is continuously pumped to the aerated solids holding 
tank. The solids in the holding tank are aerated and mixed. To achieve additional thickening 
of the WAS, aeration is stopped for short periods to allow solids settling. Decant from the 
settling operation in the solids holding tank is sent back to the secondary treatment 
process. The thickened WAS is sent to the centrifuge building for dewatering and 
subsequent disposal via a roll-off bin. 

3.2.1 Solids Holding 

The secondary clarifier built in the initial phase of the Airport WRF (1976 project) has been 
converted into a solids holding tank, by removing the secondary clarification mechanism 
and performing several modifications. WAS is continuously pumped into the solids holding 
tank over the course of the day using the RAS pumps and a flow control valve. Aeration 
and mixing is provided with a coarse bubble diffuser system and a positive displacement 
blower. Submersible pumps in the solids holding basins are used to pressurize the WAS 
line connected to the centrifuge feed pumps located in the centrifuge building. The solids 
holding tank description is summarized in Table 8.8.  
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Table 8.8 Airport WRF Solids Holding Tank Description 
Technical Memorandum No. 8 – Biosolids Planning Conditions 
City of Prescott, Arizona 

Tank dimensions  

Tank diameter, feet 50 

Side water depth, feet Variable up to 8 

Aeration system  

Number of blower units 1 

Motor horsepower 20 

Diffuser type Coarse bubble, 2 ft units 

Number of diffusers 56 

Thickened WAS pumps  

Pump type Submersible, open bottom, non-clog 
centrifugal (Flygt, type “N” impeller) 

Number of units 2 

Capacity, gpm 333 (1) 

Rated head, ft 12.8 (1) 

Motor control One unit with variable frequency drive.
One unit constant speed. 

Motor horsepower, each 3 

Note: 

(1) Based on duty point in pump curve provided by plant staff. 

3.2.2 Dewatering 

A new centrifuge building was constructed in April 2009, and is located at the southeast end 
of the existing plant site. The centrifuge building includes one dewatering centrifuge, with its 
associated sludge grinder, feed pump, and polymer feed system. Provisions have been 
made for the installation of a second dewatering centrifuge unit and its associated 
equipment. The design criteria for the existing dewatering system is summarized in 
Table 8.9.  
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Table 8.9 Airport WRF Dewatering Centrifuge System Design Criteria 
Technical Memorandum No. 8 – Biosolids Planning Conditions 
City of Prescott, Arizona 

Dewatering centrifuge  

Manufacturer Centrisys 

Number of units 1 (1) 

Hydraulic loading capacity, gpm 50 to 70 (2) 

Feed solids concentration, percent 0.6 to 2.5 (average: 1.0) 

Maximum solids loading capacity, lbs/hr 575 

Minimum solids capture, percent 95 

Minimum cake solids content, percent 20 

Motor horsepower, main drive 30 

Motor horsepower, back drive 10 

Sludge grinder  

Type In-line (Boerger) 

Number of units 1 (1) 

Capacity, gpm 70 

Motor horsepower 5 

Centrifuge feed pump  

Pump type Progressive cavity (Netzch) 

Number of units 1 (1) 

Capacity, gpm 70 

Discharge pressure, psi 100 

Suction pressure Flooded 

Maximum solids concentration, percent 12 

Motor horsepower 7.5 

Polymer feed system  

Type Liquid polymer blending system (Velodyne) 

Number of units 1 (1) 

Neat polymer metering pump Progressive cavity, 1 to 10 gph 

Dilution water inlet 1 to 10 gpm 

Polymer mixing chamber Staged hydrodynamic (non-mechanical) 

Notes: 

(1) Provisions in existing building allow two units to be installed. 

(2) At feed solids (WAS) concentrations between 0.6 and 2.5 percent solids. Includes polymer flow 
and dilution water. 
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3.3 Existing Costs  

The current biosolids management program costs include processing, hauling, and disposal 
of the biosolids generated at the Sundog WWTP and Airport WRF. Operational data as well 
as cost information were provided by the City for the purposes of this Task. The costs of the 
biosolids management program are summarized in Table 8.10. It should be noted that for 
the first three months of 2009, solids produced at the Airport WRF were sent to the Sundog 
WWTP for treatment and final disposal. Since April 2009, biosolids from the Airport WRF 
are not sent to the Sundog WWTP, and are sent to landfill disposal after dewatering. 
Biosolids from the Sundog WWTP are disposed of via land application. A more detailed 
breakdown of the biosolids management program costs is included in Appendix B. 
 

Table 8.10 Existing Biosolids Management Program Costs Summary 
Technical Memorandum No. 8 – Biosolids Planning Conditions 
City of Prescott, Arizona 

Cost (1) Sundog WWTP Airport WRF 

Annual Energy Costs $41,493  (24%) $22,888 (21%) 
Annual Chemical Costs $24,220  (14%) $31,415 (29%) 
Annual Biosolids Disposal Costs(2),(3) $105,394  (61%) $52,235 (49%) 
Annual Miscellaneous Costs $2,972  (2%) $301 (0.3%) 
Total Annual Operating Costs $174,079 (100%) $106,839 (100%) 
Biosolids Produced (2) 3,334 wet tons 1,159 wet tons 
Unit Cost $52.2 / wet ton $92.2/ wet ton 
Notes: 

(1) All costs are based on 2009 process operational data and cost information provided by City of 
Prescott. A detailed breakdown is presented in Appendix B. 

(2) Quantities of Airport WRF biosolids in the first three months of 2009 were estimated using a 
monthly average of April to December 2009.  

(3)  The current contract for biosolids transport and disposal establishes a fixed cost of $29.5 per wet 
ton for land application, and $47.0 per wet ton for landfill disposal. 

The overall unit cost for biosolids management at the Airport WRF is 74 percent higher than 
the costs at the Sundog WWTP. The main reason for this difference is the higher disposal 
cost associated with the Airport WRF sludge. Since the Airport WRF does not employ 
sludge stabilization processes, all the sludge produced must be disposed at landfills. The 
City’s current biosolids transport and disposal contract establishes a landfill disposal cost 
59 percent higher than disposal to land application sites ($29.50 per wet ton for land 
application, versus $47.00 per wet ton for landfill disposal). Evaluation of solids treatment 
alternatives during master planning activities in this project shall reflect the different costs 
associated with landfill disposal versus land application.
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4.0 BIOSOLIDS QUANTITIES 

Existing and future solids production for the Sundog WWTP is presented in Table 8.11. 
Biosolids production for the Airport WRF is summarized in Table 8.12. 
 

Table 8.11 Existing and Projected Biosolids Production – Sundog WWTP 
Technical Memorandum No. 8 – Biosolids Planning Conditions 
City of Prescott, Arizona 

 

Plant Flow 
Primary 
Sludge WAS Dewatered Biosolids 

mgd lb/day lb/day lb/day 
wet 

tons/day(2) 

Existing (1), AADF 2.6 3,923 3,200 3,653 9.1 

Existing, MMADF 5.2 6,255 6,100 6,377 15.9 

Ultimate, AADF 5.4 8,147 6,646 7,588 19.0 

Ultimate, MMADF 10.8 12,991 12,669 13,244 33.1 
Notes: 
(1) Based on 2009 operational data 
(2) Assumes a total solids concentration of 20 percent. 

 

Table 8.12 Existing and Projected Biosolids Production – Airport WRF 
Technical Memorandum No. 8 – Biosolids Planning Conditions 
City of Prescott, Arizona 

 
Plant Flow 

Primary 
Sludge WAS Dewatered Biosolids 

mgd lb/day lb/day lb/day 
wet 

tons/day(2) 

Existing (1), AADF 1.1 - 1,870 1,389 3.2 

Existing, MMADF 1.5 - 3,674 2,729 6.2 

Ultimate, AADF 9.6 27,116 6,127 16,371 40.9 

Ultimate, MMADF 13.4 43,893 15,382 29,479 73.7 
Notes: 
(1) Based on 2009 operational data 
(2) Assumes a total solids concentration of 20 percent. 
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5.0 BIOSOLIDS MANAGEMENT TRENDS 

Biosolids management programs are strongly driven by regulatory and land availability 
issues, which in turn impact the overall costs of biosolids management. Stricter regulations 
and reduced availability of disposal sites close to urbanized areas result in higher costs for 
biosolids management programs. The purpose of this Section is to review regulatory as well 
as land availability trends in relation to the City’s biosolids management program. 

5.1 Regulatory Trends 

The U.S. EPA Region IX includes the States of Arizona, California, Nevada, and Hawaii. 
Most states have long-standing regulations that control how biosolids can be utilized or 
disposed. Few states have received delegation of the Federal program; Arizona is one of 
eight to ten states that have pursued this.  

In Arizona, biosolids land application and disposal is regulated by the Arizona Department 
of Environmental Quality (ADEQ) as codified in 18 Arizona Administrative Code (A.A.C.) 9, 
Article 10, entitled Arizona Pollutant Discharge Elimination System - Disposal, Use and 
Transportation of Biosolids (A.C.C. R18-9-10.).  

5.1.1 Federal Regulations Trends 

There are no specific new regulatory initiatives planned in the near-term. Similar to 
regulations for liquid processes in wastewater treatment, personal health care products and 
pharmaceuticals in biosolids is an issue on the horizon, but no impending regulatory 
programs are envisioned to address these compounds in the near future. It is worth noting 
that the Water Environment Research Foundation (WERF) is currently conducting a 
research project on the fate of estrogenic compounds (Fate of Estrogenic Compounds 
during Municipal Sludge Stabilization and Dewatering) to provide baseline information to 
better understand the risks posed by the presence of estrogenic compounds in biosolids. 

The Clean Water Act requires the EPA to review the 503 regulations at least every two 
years for the purpose of identifying additional toxic pollutants in sewage sludge and 
promulgating regulations for such pollutants consistent with the requirements of Section 
405 (d). In 2001, the EPA commissioned the National Research Council (NRC) to evaluate 
the technical basis for the pollutant and pathogen standards of the 503 rule. In 2003, in 
response to the NRC’s 2002 report entitled Biosolids Applied to Land: Advancing Standards 
and Practices, the EPA agreed to undertake a new national survey of chemicals and 
pathogens in biosolids and to consider additional pollutants that should be regulated. These 
additional pollutants are referred to as the “Round 3” and “Round 4” pollutants. 
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For Round 3, EPA evaluated existing sewage sludge regulations and compiled a list of 
803 additional toxic pollutants in sewage sludge for potential future regulations. Based on 
an exposure and hazard screening assessment of chemical pollutants for which EPA had 
adequate data (i.e., human health benchmark values and information on fate and transport 
in the environment), as well as concentration data in sewage sludge for those pollutants, 
EPA identified 15 pollutants for possible regulation (acetone, anthracene, barium, beryllium, 
carbon disulfide, 4-chloroaniline, diazinon, fluoranthene, manganese, methyl ethyl ketone, 
nitrate, nitrite, phenol, pyrene, and silver); this list has since been reduced to nine. 

Round 4 considered a preliminary list of 137 pollutants, but EPA reports that at the present 
time there is insufficient data on any of these to proceed with risk assessments.  

Class A Alternatives 3 and 4 are being reviewed by EPA, and may be eliminated. These 
alternatives involve pre-processing and/or post-processing analyses of the biosolids to 
demonstrate that the densities of viable helminth ova, enteric viruses, Salmonella and fecal 
coliform meet the Class A limits. These alternatives are utilized predominantly by smaller 
generators whose biosolids are either processed by lower technology options (e.g. air 
drying, vermin-composting) or whose influent tends to exhibit low natural populations of 
these pathogens. In the place of Alternatives 3 and 4, Regions or states would have the 
opportunity to approve site-specific conditions in conjunction with the U.S. EPA’s Pathogen 
Equivalency Committee. 

5.1.2 State and Local Regulations Trends 

There are no formal restrictions for the land application of biosolids in the State of Arizona. 
However, a number of counties in California have implemented full or partial bans of 
Class B biosolids land application. Others have restricted the application of biosolids 
entirely - regardless of their classification. The counties in California that have no current 
legislation banning biosolids are primarily urban areas where land application is not a 
practical issue. 

As a result of the various bans and restrictions on biosolids application in Southern 
California and increasing public concern, many Southern California municipalities have 
resorted to transporting Class B biosolids to agricultural lands in Arizona, where less 
stringent restrictions exist. Due to the influx of Class B biosolids from California, along with 
changing land uses throughout the state, the availability of land for application of Class B 
biosolids in Arizona is continually decreasing. In addition, some Arizona counties are 
considering restrictions on Class B biosolids land application, similar to those already 
implemented in California.  

A case worth mentioning in local regulation trends is the Kern County case, which has 
recently received national attention. Kern County was seeking to enforce a local ordinance 
banning land application of biosolids from the City of Los Angeles and other Southern 
California agencies. The litigation between City of Los Angeles and Kern County was taken 
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to a federal court, and a federal Judge found the ban to be illegal, which prevented Kern 
County from enforcing the ban on land application of biosolids. Organizations such as the 
Water Environment Federation (WEF) and the National Association of Clean Water 
Agencies (NACWA) have filed documentation supporting the position that individual 
municipalities should be able to choose the method of biosolids management that works 
best for their communities, including the option of land application. According to the 
National Biosolids Partnership (NSP), the outcome of the Kern County case has the 
potential to have a significant impact on biosolids programs in every state, because this will 
be the first appellate decision on whether biosolids bans are legal under the Federal 
Constitution. 

Based on the continually changing status of regulations associated with biosolids disposal, 
any decisions regarding long-term biosolids management practices must carefully consider 
the dynamics of local biosolids regulations. These changing regulations, and the resulting 
availability of application sites, can ultimately have significant impacts on the potential 
applicability of various biosolids management options. 

5.1.2.1 Biosolids-to-Energy 

The current Arizona Administrative Code prohibits incineration of biosolids (A.A.C. R18-9-
1002.G). Therefore, technologies that involve incineration of biosolids, with or without 
energy recovery, are currently not allowed to operate in the State of Arizona. Technologies 
are developing rapidly and have advanced to a point where previous concerns with air 
emissions have been addressed. It is recommended to monitor state legislation for possible 
changes allowing certain forms of biosolids-to-energy technologies to operate in Arizona. 

5.1.3 Biosolids Management Practices in Arizona 

Various biosolids management alternatives are currently practiced throughout the State of 
Arizona, and are summarized in Table 8.13. Most facilities in Arizona produce either 
Class B or unclassified biosolids, with only a few facilities producing Exceptional Quality or 
Class A biosolids.  
 

Table 8.13 Regional Biosolids Quality and Management Practices 
Technical Memorandum No. 8 – Biosolids Planning Conditions 
City of Prescott, Arizona 

Wastewater Treatment Facility Biosolids Quality Disposal Method 

Avondale WWTP Class B Land Application 

Casa Grande Water Reclamation 
Facility (WRF) Class B Land Application 

Chandler Airport WRF Unclassified Landfill 

Chandler Ocotillo WRF Unclassified Landfill 

Flagstaff - Rio De Flag WRP Class B Surface Disposal 

Flagstaff - Wildcat Hill WWTP Class B Surface Disposal 
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Table 8.13 Regional Biosolids Quality and Management Practices 
Technical Memorandum No. 8 – Biosolids Planning Conditions 
City of Prescott, Arizona 

Wastewater Treatment Facility Biosolids Quality Disposal Method 

Fountain Hills WWTP Unclassified Landfill 

Goodyear Class B Land Application 

Nogales WWTP Class B Land Application 

Northern Gila County Sanitation District Exceptional Quality Land Application /  
Distribution in Bags 

Phoenix - 23rd Avenue WWTP Class B Land Application 

Phoenix - 91st Avenue WWTP Class B Land Application 

Pima County - Avra Valley WRP Class B Landfill 

Pima County - Ina Road WWTP Class B Land Application 

Pima County - Roger Road WWTP Class B Land Application 

Pinetop-Lakeside WWTP Class A Land Application 

Prescott Valley Class B Land Application and 
Landfill 

Surprise WWTP Exceptional Quality Land Application 

Tolleson WWTP Exceptional Quality Sold to Composter 

Yuma - Desert Dunes WRF Class B Land Application 

Yuma - Figueroa Water Pollution 
Control Facility (WPCF) 

Class B Land Application 

5.2 Land Availability Trends 

Biosolids Class B biosolids land application sites (registered with ADEQ) near Prescott are 
shown in . The City’s biosolids are currently applied at either the Hauser and Hauser site or 
at the Orme Ranch site. However, there are other registered land application sites within a 
similar distance from Prescott. In the short term, there are no apparent land availability 
issues for Class B biosolids produced from the City. 

Historical changes in total farmland acreage provide a general trend of land availability for 
land application of biosolids.  summarizes the changes in total farmland acreage within 
Yavapai County between 1997 and 2007 according to the United States Department of 
Agriculture (USDA) National Agricultural Census (1997, 2000, and 2007). The general trend 
for Yavapai County is a reduction of total farmland acreage at a rate of between 10 and 11 
percent every 5 years.  
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Table 8.14 Yavapai County Farmland Acreage Historical Data 
Technical Memorandum No. 8 – Biosolids Planning Conditions 
City of Prescott, Arizona 

Year Total Land in Farms (1) Acreage Loss Percent Decrease 

1997 797,574 - - 

2002 720,362 77,212 10 

2007 639,042 81,320 11 

Note: 

(1) Source: United States Department of Agriculture (USDA) National Agricultural Census. 

 
The trend in land availability for Yavapai County is generally consistent with trends 
occurring in the State of Arizona, particularly in other Counties experiencing significant 
population growth. Table 8.15 presents a comparison between the decrease in total 
farmland acreage for Yavapai County, Maricopa County, Yuma County, and the State of 
Arizona between 1997 and 2007. The statewide trend shows a reduction in farmland 
acreage. The rate (percentage) of farmland acreage loss in Yavapai County is significantly 
greater than the statewide trend, but similar to other fast-growing counties such as 
Maricopa County and Yuma County. 
 

Table 8.15 Farmland Acreage Historical Trends Comparison 
Technical Memorandum No. 8 – Biosolids Planning Conditions 
City of Prescott, Arizona 

Period 

Percent Decrease in Total Farmland Acreage (1) 

Yavapai County Maricopa County Yuma County State of Arizona 

1997 - 2002 10 15 9 2 

2002 - 2007 11 23 9 2 

Note: 

(1) Calculated from United States Department of Agriculture (USDA) National Agricultural Census 
data. 

As part of a recent Biosolids Management Study for the City of Phoenix (Black & 
Veatch/Carollo, 2008), two contract biosolids haulers were contacted for trending and long-
term outlook purposes – Synagro and Solid Motion. Synagro, the primary contract land 
applicator for the City of Phoenix, had been land applying the majority of biosolids 
generated from the 91st Avenue WWTP and the 23rd Avenue WWTP. Synagro and Solid 
Motion concurred in a long-term outlook identifying the need to diversify away from a 
Class B product in order to maintain a viable land application program in the long-term. 
Both contractors are proponents of producing an Exceptional Quality or Class A dried 
biosolids product, in order to open up new markets and allow continued land application to 
existing sites.  
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5.3 Trends Summary 

In general, there are no indications in the short-term that would indicate an urgent need to 
take the existing level of biosolids treatment beyond Class B quality. In the long-term, 
production of Exceptional Quality or Class A biosolids can provide an improved degree of 
flexibility for biosolids disposal given the trends of reduced availability of cropland areas and 
increased concerns from the general public. However, a detailed analysis of disposal 
alternatives is recommended before embarking on investments towards the production of 
Class A or Exceptional Quality biosolids, in order to analyze the cost-benefits of the 
increased level of biosolids treatment. 



Prescott Sundog WWTP and Airport WRF 
Capacity and Technology Master Plan 

Technical Memorandum No. 8 

 
 

  8-19 03/16/2011 
 
    In Association with   

6.0 CONCLUSIONS 

Biosolids disposal and land application is federally regulated by the EPA 40 CFR 503. The 
Arizona Department of Environmental Quality (ADEQ) enforces the federal regulations and 
administers the biosolids program in Arizona, with oversight by the U.S. EPA.  

Biosolids are classified either as Exceptional Quality, Class A, Class B, or unclassified. The 
higher the level of treatment to reduce pathogens and vector attraction, the less restrictions 
there are for beneficial reuse. Exceptional Quality and Class A biosolids may be land 
applied where contact with the general public is possible (i.e., nurseries, gardens, golf 
courses, etc.). Class B biosolids, however, may only be applied where there is no possibility 
of contact with the general public (i.e. certain types of agriculture, landfill, etc.). Unclassified 
biosolids must be disposed of in landfills. 

Solids handling and treatment facilities at the Sundog WWTP include waste activated 
sludge (WAS) thickening, anaerobic digestion of combined primary sludge and thickened 
WAS, and dewatering of stabilized biosolids. The resulting Class B biosolids are disposed 
of via land application. 

The current solids handling practice at the Airport WRF is dewatering undigested sludge, 
followed by landfill disposal. 

The overall unit cost for biosolids management at the Airport WRF is higher than the costs 
at the Sundog WWTP. The main reason for this difference is the higher disposal cost 
associated with the Airport WRF sludge, since the Airport WRF produces unclassified 
biosolids, which must be disposed of via landfill. The City’s current biosolids transport and 
disposal contract establishes a landfill disposal cost 59 percent higher than disposal to land 
application sites 

Most facilities in Arizona produce either Class B or unclassified biosolids, with only a few 
facilities producing Exceptional Quality or Class A biosolids. 

In the short term, there are no apparent land availability issues for Class B biosolids 
produced from the City. However, in the long-term the City may consider diversifying the 
level of biosolids treatment to respond to general trends in reduced land availability and 
increasing concerns by the general public.  

There are no regulatory issues in the horizon that would significantly affect biosolids 
management in the short and medium term. However, the potential risks posed by of micro 
constituents and emerging contaminants are currently being evaluated at the research 
level.  
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ES9 TM 9 – BIOSOLIDS ALTERNATIVES EVALUATION 

ES9.1 Introduction 

The long-term capital improvements identified for the Sundog Wastewater Treatment Plant 
(WWTP) and the Airport Water Reclamation Facility (WRF) include the expansion of the 
treatment facilities and supporting infrastructure. These expansions will result in the 
generation of additional biosolids requiring treatment and disposal. The increased quantities 
of biosolids will present new biosolids treatment and disposal challenges, which will directly 
impact treatment plant operations and budgeting efforts.  The City has recognized the need 
to review and evaluate their approach to biosolids management procedures to provide a 
framework for future treatment and disposal practices. Furthermore, the instability in 
legislation and market changes associated with biosolids necessitate the identification of 
appropriate alternatives to maximize the City's biosolids treatment and disposal flexibility in 
the future. 

Technical Memorandum (TM) No. 9 is part of the Sundog WWTP and Airport WRF 
Capacity and Technology Master Plan, and addresses Task Group 1200 – Biosolids 
Alternatives Evaluation. 

The main purposes of this TM No. 9 are:  

 To review available biosolids disposal and reuse alternatives and recommend near-
term and long-term disposal alternatives. 

 To review and screen available biosolids stabilization alternatives, in order to select 
alternatives for detailed evaluation. 

 To determine the facilities required for the recommended biosolids stabilization 
alternatives. 

 To evaluate biosolids management alternatives at separate wastewater treatment 
facilities versus all biosolids management at a centralized treatment plant. 

 To evaluate alternatives for biogas utilization. 

 To perform a detailed evaluation of economic and non-economic factors for the 
biosolids management alternatives considered. 

 
ES9.2 Biosolids Disposal and Reuse Alternatives 

Ultimately, the desired biosolids disposal and reuse options play a significant role in the 
selection of the sludge stabilization processes (i.e., EQ versus Class A versus Class B) and 
the subsequent solids handling facilities. 
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The goal of this biosolids alternatives evaluation is to determine disposal options, which 
provide flexibility, redundancy, and the ability to meet current and future regulatory criteria.  
As mentioned previously, there are currently no formal restrictions for the land application of 
biosolids in the State of Arizona. Even though a number of counties in California have 
implemented full or partial bans of Class B biosolids land application and/or restrictions on 
the use of EQ and Class A biosolids, it is difficult to predict whether or not such restrictions 
would ever be imposed in Arizona.  

As stated in TM No. 8, there are no clear indications that Class B land application would be 
restricted for the City of Prescott in the foreseeable future. Therefore, we recommend 
master planning biosolids treatment facilities based on achieving Class B, with 
considerations to achieve Class A in the future.  

The following Table ES9.1 summarizes the options for biosolids disposal evaluated as part 
of this TM. 

 

Table ES9.1 Biosolids Disposal Alternatives Summary 
Technical Memorandum No. 9 – Biosolids Alternatives Evaluation
City of Prescott, Arizona 

Disposal/Beneficial Reuse Alternative 

Minimum Biosolids Criteria 
E

Q
 

C
la

ss
 A

 

C
la

ss
 B

 

L
iq

u
id

 

D
ew

at
er

ed
 

D
ry

 P
el

le
ts

 

Land Application - Agricultural Land   X X   

Land Application - City-owned Land(1)  X X   X X 

Landfill Disposal(2)     X  

Commercial Product X X    X 

Notes:  

(1) Will depend on requirements of the City Parks and Recreation and Transportation 
Departments. 

(2) Landfill disposal requires dewatering to level capable of passing the Paint Filter Test. 
Class B, A, or EQ can also be disposed of in landfills. 

The most cost-effective and practical strategy would be for the City to continue its practice 
of land applying Class B biosolids from the Sundog WWTP on agricultural land, and to 
continue landfill disposal of biosolids from the Airport WRF until biosolids stabilization 
facilities can be constructed. However, landfill disposal is not recommended as a long-term 
alternative, as available landfill space is generally limited. Therefore, the City should plan to 
implement improvements at the existing Airport WRF to produce Class B biosolids when 
this alternative becomes economically viable.  Ultimately, upgrading the stabilization 
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processes to achieve EQ or Class A biosolids should be considered, in order to maintain 
the greatest flexibility with future biosolids disposal alternatives. 

 

ES9.3 Biosolids Stabilization 

The City’s existing WWTPs are currently equipped with processes capable of reliably 
producing Class B biosolids (Sundog WWTP) or unclassified biosolids (Airport WRF), which 
limits available biosolids management alternatives to agricultural farmland sites and landfill 
disposal. Although these management strategies are sufficient and generally considered to 
be the most cost effective in the near- and long-term, changing regulations and decreasing 
availability of agricultural lands may limit opportunities for land apply and landfill in the 
future. As a result, the City may have to consider higher levels of treatment for biosolids 
production in the future, and consequently would have to add technologies (i.e. additional 
equipment and facilities) to the current processes in order to produce EQ or Class A 
biosolids. 

After initial process screening, the following stabilization processes were evaluated for the 
Sundog WWTP and the Airport WRF as separate treatment facilities, or a centralized 
Airport WRF: 

 Conventional Anaerobic Digestion 

 Thermal Drying 

The capital costs and operating costs for anaerobic digestion and thermal drying at the 
Sundog WWTP, Airport WRF, and the Centralized Airport WRF are provided in Tables 
ES9.2, ES9.3, and ES9.4 below.  For all cases, anaerobic digestion is the preferred 
economic alternative. 

Table ES9.2  Stabilization Capital and Operating Costs – Sundog WWTP 
Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

Criteria Anaerobic Digestion Thermal Drying 

Probable Construction Cost $5,426,000 $14,000,000 

Annual O&M Costs $340,100 $1,220,000 

Total Life-Cycle Cost $10,099,000 $27,990,000 

Note: 
(1)   As present value, assuming life-cycle period of 20 years, interest rate of 6% and 

escalation rate of 2%. 
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Table ES9.3    Stabilization Capital and Operating Costs – Airport WRF 
Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

Criteria Anaerobic Digestion Thermal Drying 

Probable Construction Cost $22,680,000 $21,700,000 

Annual O&M Costs $544,600 $2,192,000 

Total Life-Cycle Cost $30,163,000 $46,840,000 

Note: 
(1)   As present value, assuming life-cycle period of 20 years, interest rate of 6% and 

escalation rate of 2%. 

 

Table ES9.4  Stabilization Capital/Operating Costs - Centralized Airport WRF 
Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

Criteria Anaerobic Digestion Thermal Drying 

Probable Construction Cost $25,760,000 $35,700,000 

Annual O&M Costs $732,000 $3,362,000 

Total Life-Cycle Cost $35,818,000 $75,250,000 

Note: 
(1)   As present value, assuming life-cycle period of 20 years, interest rate of 6% and 

escalation rate of 2%. 

While anaerobic digesters are preferred from an economic standpoint, thermal dryers will 
produce a fertilizer product that has agricultural and recycling value, whereas dewatered 
anaerobic sludge has little value and in many jurisdictions has become a liability for 
municipal agencies.  Given a long term view of biosolids disposal, the City of Prescott 
should consider thermal drying of biosolids in a central treatment facility as flows increase 
and new residential construction re-starts. 

In considering a regional biosolids treatment facility, the following alternatives were 
identified for future consideration: 

 Composting 

 Thermal drying 

 Biosolids to Energy (Incineration) 

ES9.4 Biogas Utilization 

As part of the biosolids master planning tasks, biogas utilization options for the Sundog 
WWTP and the regional treatment facility alternative at Airport WRF were evaluated.  The 
biogas utilization options considered in this evaluation include process heating and on-site 
power generation.  Economic and non-economic considerations and life cycle costing were 
used to evaluate potential biogas utilization alternatives.  
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Biogas produced through anaerobic digestion is a prime source of energy that is 
traditionally used for process heat (digestion and/or heat drying), building heat, or to 
generate power.  Heat recovery from on-site power generation or drying can also be 
employed to heat digesters and buildings.  The costs and benefits of biogas utilization vary 
depending on capacity requirements, purchased energy costs, biogas cleaning 
requirements, and process heat requirements.  Three biogas utilization options were short-
listed for detailed evaluation for each treatment facility, as follows: 

1. Biogas use for process (anaerobic digester) heat. 

2. Biogas use in engine generators for on-site power generation and waste heat 
recovery. 

3. Biogas use in MicroTurbines for on-site power generation and waste heat recovery. 

Equipment requirements and costs were developed for each alternative at both the Sundog 
WWTP and the centralized treatment facility at the Airport WRF.  In addition, costs were 
developed for a “base case” scenario.  The “base case” scenario represents no energy 
recovery and flaring of all biogas.  Natural gas must be purchased for digester heating in 
the “base case” scenario. 

Descriptions of each evaluated alternative for power generation and energy recovery are 
presented below: 

 Case 1 - All biogas to the boiler for digester heating.  Excess biogas is flared.  This 
configuration is widely used at WWTPs equipped with anaerobic digestion.  

 Case 2 - All gas to engine generators.  Heat recovered from the engine generator 
jackets and exhaust is used for digester heating. 

 Case 3 - All gas to MicroTurbines.  Heat recovered from the MicroTurbine exhaust is 
used for digester heating. 

Sundog WWTP 

The following Table ES9.5 summarizes the cost or savings associated with each scenario 
described above for the Sundog WWTP. 
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Table ES9.5 Costs and Benefits for Digester Gas Utilization at Sundog WWTP 
Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

 
Case 1 

Digester Heat
Case 2 

Engine Generators 
Case 3 

MicroTurbines

    

    

Capital Cost, $ 
  Energy recovery 
  Gas cleaning 
  Total 

 
0 

200,000 
200,000 

 
337,000 

   693,000 
1,030,000 

 
532,000 

   808,000 
1,340,000 

Annual Costs for Energy 
Recovery, $/year  
  Electricity  
  Labor 
  Maintenance materials 
  Total 

 
 

0 

0 

         0 

0 

 
 

0 
21,000 
16,000 
37,000 

 
 

0 
19,000 

     6,000 
25,000 

Annual Costs for Gas 
Cleaning, $/year  
  Electricity  
  Labor 
  Maintenance materials 
  Total 

 
 

13,000 
6,000 

   1,000 
20,000 

 
 

14,000 
23,000 
18,000 
55,000 

 
 

24,000 
23,000 
18,000 
65,000 

Annual Benefits, $/year  
  Electricity (Savings) 
  Natural Gas (Savings) 

 
0 

(33,000) 

 
 (89,000) 
(33,000) 

 
 (66,000) 
(32,000) 

Present Worth Costs, $ 
  Capital Costs 
  Annual Costs 
  Annual (Savings) 
  Total Annual Cost (Savings) 
  PW Annual Cost (Savings) 
  PW Total Cost (Savings) 
  Annualized PW Cost 

 
200,000 

20,000 
(33,000)    
(13,000) 

(162,000) 
38,000 

3,000 

 
1,030,000 

92,000 
(122,000) 

(30,000) 
(374,000) 

656,000 
53,000 

 
1,340,000 

90,000 
(98,000) 

(8,000) 
(100,000) 
1,240,000 

100,000 

    
 
Life cycle costs evaluation for the Sundog WWTP shows that the total present worth cost of 
the three biogas utilization alternatives are $38,000, $656,000, and $1,240,000, 
respectively, meaning that no cost savings are projected.   Based on the results of this 
evaluation, on-site power generation is not cost effective and is therefore not recommended 
for the Sundog WWTP.  However, use of biogas for digester heating eliminates the need for 
natural gas purchases and consequently, the impacts of fluctuating natural gas prices on 
plant O&M costs.  There is considerable potential savings with this approach, particularly if 
biogas treatment is not required.  In fact, the City reports that by switching to untreated 
digester gas for sludge heating, they are currently saving about $63,000 per year.     
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Centralized Airport WRF 
 

Table ES9.6 summarizes the cost benefits of each scenario described above for a 
Centralized Airport WRF. 
 

Table ES9.6 Costs and Benefits for Digester Gas Utilization at Centralized  
Airport WRF 
 Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

 
Case 1 

Digester Heat
Case 2 

Engine Generators 
Case 3 

MicroTurbines

Capital Cost, $ 
  Energy recovery 
  Gas cleaning 
  Total 

 
0 

530,000 
530,000 

 
676,000 

   894,000 
1,570,000 

 
8611,000 

1,049,000 
1,860,000 

Annual Costs for Energy 
Recovery, $/year  
  Electricity  
  Labor 
  Maintenance materials 
  Total 

 
 

0 

0 

         0 

0 

 
 

0 
25,000 

  35,000 
60,000 

 
 

0 
20,000 

  14,000 
34,000 

Annual Costs for Gas 
Cleaning, $/year  
  Electricity  
  Labor 
  Maintenance materials 
  Total 

 
 

14,000 
6,000 

   2,000 
22,000 

 
 

16,000 
23,000 

  36,000 
75,000 

 
 

28,000 
23,000 

  37,000 
88,000 

Annual Benefits, $/year  
  Electricity 
  Natural Gas Savings 

 
0 

(74,000) 

  
(200,000) 

(74,000) 

  
(148,000) 

(71,000) 

Present Worth Costs, $ 
  Capital Costs 
  Annual Costs 
  Annual Savings 
  Total Annual Cost (Savings) 
  PW Annual Cost (Savings) 
  PW Total Cost (Savings) 
  Annualized PW (Savings) 

 
530,000 

22,000 
(74,000) 
(52,000) 

(648,000) 
(118,000) 

(9,000) 

 
1,570,000 

135,000 
(274,000) 
(139,000) 

(1,732,000) 
(162,000) 

(13,000) 

 
1,860,000 

125,000 
(219,000) 

(97,000) 
(1,208,000) 

652,000 
52,000 
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Based on the lifecycle costs of the gas utilization options at the Centralized Airport WRF, 
on-site power generation using engine generators may be cost effective.  As shown in 
Table ES9.6, the present worth savings for the Cases 1 and 2 are $118,000 and $162,000 
respectively, and the present worth cost for Case 3 is $652,000.  Based on the results of 
this evaluation, on-site power generation using engine generators is recommended for 
future consideration at a Centralized Airport WRF when the capital cost of the facilities is 
not constrained by funds availability in the City’s CIP.  If future emission restrictions at the 
Centralized Airport WRF require advanced emission control for engine generators, Case 2 
capital and O&M costs will increase significantly and the evaluation should be revisited.    

ES9.5 Regional Biosolids Management 

As part of this project, the team discussed the possibilities/opportunities for a regional 
biosolids handling facility, which could process and provide beneficial end use of biosolids 
from a variety of surrounding communities, including the City of Prescott. In the context of a 
larger regional facility, the potential application of certain technologies becomes significantly 
more viable as capital and O&M costs can be partially offset by factors including economies 
of scale and cogeneration opportunities.  

Contributing communities could share the fiscal responsibility for construction and 
operation, thereby reducing the burden on the individual communities. In addition, the 
resulting high quality biosolids could be redistributed within the participating communities on 
community-owned parks and golf courses, or could potentially be marketed to outside 
agencies or the general public - providing a sustainable market for the beneficial end use 
product. Based on these factors, the possibility of a regional biosolids handling facility was 
evaluated, on a cursory level, as a potential long-term biosolids management strategy. 

The successful implementation of a regional biosolids handling facility would depend 
heavily on the collaboration of various organizations, governing authorities, and local 
communities. Each group would play a significant role in the coordination of the project. 
Currently four of the local communities outside of Prescott have expressed interest in a 
regional biosolids handling facility project. Without the commitment of a majority of the 
communities to treat their undigested sludge at the regional facility, implementation of the 
facility may not be economically justifiable. Table ES9.7 provides a summary of the various 
communities contacted during this evaluation, their current and anticipated solids 
production as well as the general interest in a regional facility. 
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Table ES9.7  Summary of Potential Regional Facility Community Participants  
Technical Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

Community Current Biosolids 
Management 

Practice 

Current 
Biosolids 

Production 
(wet tons/ 

year) 

Estimated 
Future 

Biosolids 
Production (wet 

tons/year) 

Potential 
Interest in 
Regional 
Facility? 

City of Flagstaff Subsurface 
injection Class B 
biosolids 

1,000 (1) N.A. Yes 

City of Sedona Landfill dewatered 
sludge 

1,500 2,500 Yes 

Town of 
Prescott Valley 

Landfill Class B 
biosolids 

4,500 - 5,000 15,000 Yes 

Town of Camp 
Verde 

Landfill dewatered 
sludge 

N.A. N.A. Yes 

Town of Chino 
Valley 

Landfill dewatered 
sludge 

274 1,100 N.A. 

Town of 
Clarkdale 

Landfill disposal of 
lagoon sludge 

N.A. N.A. N.A. 

City of Prescott Land application 
Class B biosolids, 
and landfill 
dewatered sludge 

4,490 21,800 Yes 

Notes: 
(1) To be confirmed 
N.A. = Not available at the time the report was issued. 

 

ES9.6     Conclusions 

ES9.6.1  Biosolids Disposal and Reuse 

The City currently practices land application on agricultural land with Class B biosolids from 
the Sundog WWTP.  Unclassified biosolids from the Airport WRF are currently disposed of 
at a landfill.  Maintaining these disposal and reuse practices represents the most cost-
effective near-term strategy for the City.  In the long-term, landfill disposal costs may 
increase and it will likely be cost effective to implement Class B biosolids stabilization 
facilities at the Airport WRF.  If hauling costs increase dramatically, alternatives that 
significantly reduce the volume for disposal/reuse, such as thermal drying or biosolids-to-
energy may become viable. 
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ES9.6.2  Biosolids Stabilization 

For the near-term and long-term, continued anaerobic digestion is recommended for the 
Sundog WWTP.  At the Airport WRF, continued dewatering and hauling of non-stabilized 
solids is recommended in the near-term.  As the Airport WRF grows in size (5-10 mgd) and 
the costs for landfilling of unclassified biosolids increases, it is recommended that the City 
implement anaerobic digestion for Class B biosolids stabilization.  If centralized treatment at 
the Airport WRF is implemented, anaerobic digestion is recommended for the near-term 
and long-term to achieve Class B biosolids. Should a regional biosolids facility becomes a 
reality, alternatives to achieve Class A biosolids such as composting, thermal drying, and 
biosolids-to-energy should be evaluated. 

ES9.6.3  Biogas Utilization 

Continued use of biogas for digester heating at the Sundog WWTP is recommended.  The 
City reports that they are saving approximately $63,000 per year in operating costs by 
eliminating natural gas heating of the digesters.  Currently, on-site power generation is not 
cost-effective at the Sundog WWTP, unless grants or subsidies are available.  If centralized 
treatment at the Airport WRF is implemented, on-site power generation will likely be cost 
effective when the treatment plant wastewater flow reaches approximately 5 mgd.  Finally, if 
electrical power costs increase significantly, on-site power generation should be further 
evaluated for the Sundog WWTP or the Airport WRF (when anaerobic digestion is 
implemented at that facility). 

ES9.6.4  Regional Biosolids Management 

There does not appear to be an immediate opportunity for regional biosolids management 
given the need for significant collaboration between multiple organizations.  The City should 
maintain contact with potential partners in the region, to determine if a regional biosolids 
facility would be practical and economical in the long-term.  There may also be potential 
public-private partnership opportunities in the future with a regional solution to biosolids 
management. 
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1.0 INTRODUCTION 

The long-term capital improvements identified for the Sundog Wastewater Treatment Plant 
(WWTP) and the Airport Water Reclamation Facility (WRF) include the expansion of the 
treatment facilities and supporting infrastructure. These expansions will result in the 
generation of additional biosolids requiring treatment and disposal. The increased quantities 
of biosolids will present new biosolids treatment and disposal challenges, which will directly 
impact treatment plant operations and budgeting efforts.  The City has recognized the need 
to review and evaluate their approach to biosolids management procedures to provide a 
framework for future treatment and disposal practices. Furthermore, the instability in 
legislation and market changes associated with biosolids necessitate the establishment of 
appropriate alternatives to maximize the City's biosolids treatment and disposal flexibility in 
the future. 

Technical Memorandum (TM) No. 9 is part of the Sundog WWTP and Airport WRF 
Capacity and Technology Master Plan, and addresses Task Group 1200 – Biosolids 
Alternatives Evaluation. 

The main objectives of this TM No. 9 are:  

 To review available biosolids disposal alternatives to identify the recommended long 
term disposal alternative. 

 To review and screen available biosolids stabilization alternatives, in order to select 
alternatives for detailed evaluation. 

 To determine the facilities required for the recommended biosolids stabilization 
alternatives. 

 To evaluate biosolids management alternatives at separate wastewater treatment 
facilities versus all biosolids management at one plant. 

 To identify alternatives for sludge gas utilization. 

 To perform a detailed evaluation of economic and non-economic factors for the 
biosolids management alternatives considered. 
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2.0 BIOSOLIDS DISPOSAL ALTERNATIVES 

Ultimately, the desired biosolids disposal options play a significant role in the selection of 
the sludge stabilization processes (i.e., EQ versus Class A versus Class B) as well as the 
subsequent solids handling facilities (i.e., the necessity for mechanical dewatering). 
Consequently, it is important to introduce potential alternatives as part of this evaluation to 
ensure that the selection of the desired sludge stabilization process is made with 
consideration for all applicable factors.  

The ultimate goal of the Biosolids Master Plan is to determine disposal options, which 
provide flexibility, redundancy, and the ability to meet current and future regulatory criteria.  
As mentioned previously, there are currently no formal restrictions for the land application of 
biosolids in the State of Arizona. Even though a number of counties in California have 
implemented full or partial bans of Class B biosolids land application and/or restrictions on 
the use of EQ and Class A biosolids, it is difficult to predict whether or not such restrictions 
would ever be imposed in Arizona.  

As stated in Technical Memorandum No. 8, there are no clear indications that Class B land 
application would be restricted for the City of Prescott in the foreseeable future. Therefore, 
we recommend master planning biosolids treatment facilities based on achieving Class B, 
with considerations to achieve Class A in the future. The subsequent sections outline the 
possible disposal and/or reuse options considered as part of this Biosolids Management 
Plan. 

2.1 Land Application on Agricultural Lands 

Land application is the injection and/or spreading and incorporating of biosolids onto land 
used for agricultural or horticultural purposes. Biosolids can enhance soil characteristics by 
improving tillage, porosity, and moisture retention. For these reasons, land application of 
biosolids is considered a beneficial use. Biosolids from the Sundog WWTP are currently 
being land applied in local agricultural through a third party contractor. The requirements for 
both land application alternatives are discussed herein. 

This form of biosolids disposal is the City’s current practice. A contract is established 
between the biosolids generator (City) and a land applier, who in turn, establishes an 
agreement with local agricultural landowners. The terms of the contract can vary depending 
on the situation. However, most contracts include terms for biosolids hauling and land 
application services. Regulations allow the land application of all classes of biosolids. 
However, restrictions on land use (mainly involving public access), crop harvesting, and 
animal grazing vary depending on the classification of the biosolids. Land application 
restrictions are more stringent for Class B biosolids, as opposed to EQ and Class A 
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biosolids. Consequently, treatment requirements for Class B biosolids are not as stringent 
as those for EQ and Class A biosolids. 

2.1.1 Advantages 

 Does not require the City to own and operate hauling and spreading equipment, 
biosolids storage facilities, or application sites. 

 Does not require the City to maintain required bookkeeping and submit application 
data to the regulators. 

 The City already produces Class B biosolids from the Sundog WWTP, and therefore 
this option provides familiarity with operations staff for both the stabilization and 
disposal process requirements. 

2.1.2 Disadvantages 

 The City is not benefiting from beneficial reuse characteristics of biosolids. 

 In the long-term, continued growth of urban areas may convert agricultural land use 
to residential use, thereby decreasing available area for land application. 

 Hauling costs are often based on distance, and can vary with dynamic fuel prices. 
Rising fuel prices may result in land application in outlying areas becoming cost 
prohibitive. 

 Most biosolids hauling and application companies have agreements with other 
municipalities.  If contamination problems arose at the associated disposal site, the 
City could assume shared liability. 

 The City has little or no control over increases in contract hauling and applying 
services costs. In effect, the City is at the “mercy” of local market conditions, and is 
“competing” for available land application with adjacent communities following similar 
practices. 

2.1.3 Summary of Land Application on Agricultural Lands 

At the present time, maintaining the City’s current practices is the most cost effective near-
term strategy, as it would not require any capital improvements beyond the planned WRP 
expansions. However, as discussed previously, this alternative may not provide the most 
reliable long-term strategy for the City. 

2.2 Land Application on City-Owned Land 

Another potential biosolids reuse option available to the City is land application on City-
owned land, specifically land managed by the City’s Park and Streets Departments.  Under 
this option, the City would serve in the roles of the biosolids generator, hauler, and 
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applicator.  This alternative requires the City’s wastewater treatment facilities generate 
either EQ or Class A biosolids since land application on City-owned properties yields the 
potential opportunity for public contact with the biosolids. 

2.2.1 Advantages 

 The City directly benefits from the beneficial characteristics of the biosolids. 

 Annual hauling and disposal costs would be offset by discontinuing the purchase of a 
significant portion of the fertilizer used on the City’s golf courses, parks, and 
landscaped areas. 

 Promotes cost savings and improved public services across several City 
departments. 

2.2.2 Disadvantages 

 Will require significant capital improvements at the wastewater treatment plant(s).  
Specifically, the sludge stabilization process will need to be upgraded in order to 
achieve Class A or EQ biosolids criteria. 

 Available City-owned lands may not be sufficient to handle the volume of biosolids 
produced, meaning that this option would likely need to be coupled with one or more 
additional disposal options. 

 Required alternative stabilization processes may generate additional operation and 
maintenance costs. 

 This option would require that the City own and operate hauling and spreading 
equipment and biosolids storage facilities. 

 This option would hold the City responsible for conducting the requisite sampling and 
submitting reports to regulators. 

2.2.3 Summary of Land Application on City-Owned Lands 

Land application on City-owned land would require significant capital improvements to the 
City’s WRFs in order to achieve the necessary biosolids quality. However, this alternative 
may be necessary should land application on agricultural lands and landfill disposal 
become unavailable as a long-term possibility; or alternately could be a backup option if 
improvements are completed at the Sundog WWTP and/or Airport WRF to produce EQ or 
Class A biosolids in the future. 

2.3 Landfill Disposal 

If land application of Class B biosolids becomes unavailable, another potential biosolids 
management alternative involves transporting the City’s biosolids to a local landfill for 
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disposal. The City of Prescott currently uses this disposal alternative for biosolids from the 
Airport WRF. 

In order to meet the requirements for landfill disposal, the biosolids must be dewatered to a 
level capable of passing the Paint Filter Test to comply with 40 CFR 264. The Paint Filter 
Test is used to determine the presence of free liquids in a representative sample of waste. 
During this test, a predetermined sample of waste is placed on a paint filter, and if a portion 
of the sample passes through and drops from the filter, the sample is deemed to contain 
free liquids, and therefore, does not pass the test.  

Although not specifically identified as a separate alternative herein, another possible 
method of biosolids disposal management involves transporting the City’s biosolids to a 
local landfill for use as an alternative daily cover (ADC). This option can be implemented 
with varying biosolids percent solid concentrations. The biosolids are hauled to landfill sites 
where they are mixed with soil or other materials before being placed over disposed refuse 
to control refuse blowing and vector attraction. This would be considered a beneficial reuse 
option. However, the City would likely have to purchase and maintain their own hauling 
equipment, and would be responsible for requisite sampling and testing. Additional 
coordination with the landfill operators will be necessary to further determine the viability of 
this alternative. 

2.3.1 Advantages 

 Two local landfills currently available. 

 Biosolids stabilization facilities are not required (only dewatering to 20 percent solids 
is required). 

 Beneficial reuse option when used as an alternative daily cover. 

2.3.2 Disadvantages 

 The City does not directly gain from the beneficial characteristics of biosolids. 

 The City would have to continue to pay for contract hauling or purchase and operate 
their own biosolids hauling equipment. 

 Disposal (tipping) fees at landfills are typically higher in comparison to those 
associated with land application. 

 This option would only be appropriate as a medium-term practice, as available 
landfill space is finite. 

2.3.3 Summary of Landfill Disposal 

In the long-term, this biosolids disposal alternative can be considered a backup, albeit non-
beneficial reuse alternative in the event that Class B biosolids land application becomes 
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unavailable. However, this alternative cannot be considered a long-term solution, as 
available landfill space is ultimately limited. 

2.4 Commercial Product 

Biosolids can also be stabilized, dewatered, and packaged as a commercial fertilizer and 
sold or given away. The 40 CFR 503 regulations for the disposal of biosolids as a 
commercial product require that the biosolids meet EQ or Class A biosolids criteria. In 
addition, biosolids to be bagged and sold must be produced in a usable form for 
consumers. This requires reducing the moisture content of the sludge (typically by heat 
drying) to form dry, dirt-like pellets. In this form, and with its neutral odor, the biosolids are 
more acceptable to consumers and more easily marketable as a commercial product.  

2.4.1 Advantages 

 Beneficial reuse option. 

 Potential for the City to save on disposal costs and/or create revenue. 

 Promotes good public relations. 

 Potential for this option to be coupled with other disposal options. 

2.4.2 Disadvantages 

 Will require wastewater treatment plant process improvements.  Specifically, the 
sludge stabilization process will need to be upgraded in order to achieve EQ or Class 
A biosolids criteria. 

 Sludge drying equipment will be required, which can be energy intensive. 

 Additional stabilization and drying processes may generate additional operation and 
maintenance costs. 

2.4.3 Summary of Commercial Product 

Treating the City’s biosolids to the quality of a commercial product would be more costly 
than treating to that for merely land applying on City-owned land. The primary benefits to 
the City is that it could likely handle the volume of biosolids produced (as compared to land 
application on City-owned lands) and would serve as a possible form of revenue.  

2.5 Biosolids Disposal Alternatives Summary  

As previously mentioned, several biosolids disposal options are available to the City 
depending on the level of pathogen and vector attraction reduction (i.e., EQ, Class A or 
Class B) and the extent of dewatering. The City has the option of land applying Class B 
biosolids on available agricultural lands (current practice), land applying EQ or Class A 
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biosolids on City-owned lands, disposing at a landfill (current practice), or selling/giving 
away as a commercial product (EQ or Class A).  

Table 2.1 summarizes the minimal biosolids criteria and end-product form required for each 
biosolids disposal alternative evaluated.  Disposal or reuse alternatives that are acceptable 
for Class B biosolids are also acceptable for Class A and EQ quality biosolids. 
 

Table 2.1 Biosolids Disposal Alternatives Summary 
Technical Memorandum No. 9 – Biosolids Alternatives Evaluation
City of Prescott, Arizona 

Disposal/Beneficial Reuse Alternative 

Minimum Biosolids Criteria 
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Land Application - Agricultural Land   X X   

Land Application - City-owned Land(1)  X X   X X 

Landfill Disposal(2)     X  

Commercial Product X X    X 

Notes:  

(1)  Will depend on requirements of the City Parks and Recreation and Transportation 
Departments. 

(2)   Landfill disposal requires dewatering to level capable of passing the Paint Filter Test. 
Class B, A, or EQ can also be disposed of in landfills. 

 
The previous discussions for each disposal option identified that the most cost-effective and 
practical strategy would be for the City to continue its practice of land applying Class B 
biosolids from the Sundog WWTP on agricultural land, and to continue landfill disposal of 
biosolids from the Airport WRF until biosolids stabilization facilities can be constructed. 
However, landfill disposal cannot be a long-term alternative, as available landfill space is 
generally limited. Therefore, as a long-term option, the City should explore the possibility of 
implementing improvements at the existing WRPs to produce Class B biosolids at the 
Airport WRF. Flexibility to upgrade stabilization processes to achieve EQ or Class A 
biosolids should be considered, in order to maintain the greatest flexibility with future 
biosolids disposal alternatives. 



Prescott Sundog WWTP and Airport WRF 
Capacity and Technology Master Plan 

Technical Memorandum No. 9 

 

 

 9-8 03/16/2011     In Association with   

3.0 BIOSOLIDS STABILIZATION ALTERNATIVES SCREENING 

The City’s existing water reclamation plants are currently equipped with processes capable 
of reliably producing Class B biosolids (Sundog WWTP) or unclassified biosolids (Airport 
WRF), which limits available biosolids management alternatives to agricultural farmland 
sites and landfill disposal. Although these management strategies are sufficient and 
generally considered to be the most cost effective in the near- and long-term, changing 
regulations and decreasing available agricultural lands may limit opportunities for land 
application and landfill in the future. As a result, the City may have to consider higher levels 
of treatment for biosolids production in the future, and consequently would have to add 
technologies (i.e. additional equipment and facilities) to the current processes in order to 
produce EQ or Class A biosolids. 

The following sections identify and evaluate viable sludge stabilization technology 
alternatives that produce Class B or higher biosolids quality. Each of the alternatives are 
summarized and evaluated based on various criteria, including their effectiveness in 
achieving the desired quality biosolids. Potential end users for the biosolids created using 
alternative stabilization processes are also identified. 

The intent of this evaluation is to provide a comprehensive analysis of the viable sludge 
stabilization technologies, including the following:  

 Conventional Aerobic Digestion 

 Autothermal Thermophilic Aerobic Digestion (ATAD) 

 Conventional Anaerobic Digestion 

 Multi-Phase Anaerobic Digestion 

 Temperature-Phase Anaerobic Digestion 

 Thermal Treatment 

 Thermal Drying 

 Pasteurization 

 Chemical Addition 

 Composting 

 Biosolids to Energy (Incineration)
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3.1 Conventional Aerobic Digestion 

Aerobic digestion is a suspended-growth biological treatment process that oxidizes 
organisms and other organic matter, which results in pathogen and solids reduction in the 
biosolids. Oxidation is achieved by the continuous addition of air into the biosolids in order 
to maintain aerobic conditions. 

To achieve Class B biosolids quality, aerobic digestion must provide at least 40 days of 
solids retention time (SRT, the average period of time the sludge remains in the digester), 
at 20 degrees Centigrade (68 degrees Fahrenheit) or 60 days at 15 degrees Centigrade (59 
degrees Fahrenheit). Given the water temperatures at the Prescott wastewater treatment 
facilities, an SRT of 60 days is required to achieve Class B biosolids quality with aerobic 
digestion. 

3.1.1 Advantages of Conventional Aerobic Digestion 

 Aerobic digestion can produce Class B biosolids, providing beneficial reuse 
opportunities. 

 The process is relatively simple to operate. 

3.1.2 Disadvantages of Conventional Aerobic Digestion 

 Due to the aeration requirements for digestion this process is relatively energy 
intensive. 

 The process had the potential to generate odors and foam. 

 The process is relatively land intensive due to the long SRT required to achieve 
Class B biosolids quality. 

 Aerobic digestion is generally coupled with a secondary treatment process without 
primary clarification, which increases the required aeration basin volume and the 
overall energy consumption in the secondary treatment process.  

3.1.3 Process Summary of Conventional Aerobic Digestion 

Aerobic digestion is eliminated as a viable sludge stabilization treatment alternative for the 
City of Prescott due to the additional aeration requirements and associated energy costs. 
Consequently, aerobic digestion is not recommended for detailed evaluation.  

3.2 Conventional Anaerobic Digestion 

Anaerobic digestion is a widely used sludge stabilization process. This process, currently 
used at the Sundog WWTP, is capable of meeting Class B biosolids criteria when operated 

in the mesophilic temperature range (35 degrees Celsius) with a SRT of at least 15 days. 
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The anaerobic digestion process can be divided into three stages. During hydrolysis, the 
proteins, cellulose, lipids, and other complex organics are made soluble. During the acid 
phase, acetogens convert the biodegradable organics into low molecular weight volatile 
fatty acids (VFAs). In the final stage, methanogens convert the VFAs into methane and 
carbon dioxide. In conventional anaerobic digestion, all of these phases occur within a 
single reactor. This can lead to operational challenges as both groups of bacteria (the 
acetogens and methanogens) have considerably different optimal conditions for growth. 
However, conventional anaerobic digestion is a well-established process that can reliably 
produce Class B biosolids when properly operated. 

3.2.1 Advantages of Conventional Anaerobic Digestion 

 Increased volatile solids reduction when compared to conventional aerobic digestion. 

 Familiarity with process due to existing digestion facilities at Sundog WWTP. 

 Compatibility with cogeneration technologies. 

3.2.2 Disadvantages of Conventional Anaerobic Digestion 

 Potential for odor and foam formation. 

 Requires skilled operators. 

 Relatively high capital cost. 

 Safety issues with flammable gases. 

3.2.3 Process Summary of Conventional Anaerobic Digestion 

Anaerobic digestion is a viable sludge stabilization treatment alternative for the City of 
Prescott due to its ability to produce Class B biosolids, the familiarity of operations staff with 
the process, and its compatibility with the liquids treatment process. Consequently, 
anaerobic digestion is recommended for detailed evaluation.  

3.3 Multi-Phase Anaerobic Digestion 

Originally developed in the 1970s, the multi-phase anaerobic digestion process separates 
the acid and methane phases of conventional anaerobic digestion into two different phases 
occurring in different reactors. This separation promotes optimal growth conditions for the 
acidogenic and methanogenic bacteria, while also optimizing the process through 
manipulation of the loading rates and hydraulic detention time by using separate digestion 
vessels. To accomplish the phase separation, all of the waste solids are fed into a single 
small reactor where the volatile suspended solids (VSS) are converted into VFAs. The 
solids are then directed into a second reactor where the methanogenic organisms convert 
the VFAs into methane and carbon dioxide. This second reactor is much larger than the 
acid-phase reactor to provide adequate detention time for the microbial reactions. This 
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system is also very flexible, allowing the acid phase to be taken in and out of service as 
needed without disrupting the methane phase or sacrificing biosolids quality.  

Overall, this technology can produce pathogen limits comparable to Class A criteria when 
operated under mesophilic (35 degrees Celsius) - thermophilic (52 degrees Celsius) 
conditions (also referred to as “meso-thermo”). To be considered a Class A technology, 
additional monitoring is required to confirm coliform reductions will meet the PFRP 
requirements per Alternatives 3 and 4 summarized previously in Table A.1 in Technical 
Memorandum No. 8. Note that a third mesophilic phase can also provide additional 
reduction of odors, if required. 

Table 3.1 summarizes the typical design parameters for multi-phase versus conventional 
anaerobic digestion. 
 

Table 3.1 Typical Design Parameters for Conventional and Multi-Phase Digestion 
Technical Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

 Conventional 
Anaerobic Digestion 

Multi-Phase Anaerobic Digestion 
(Meso-Thermo) 

Hydraulic Retention Time 15-22 days 1-3 days 10-19 days 

Temperature 95F (35C) 95F (35 C) 125F (52 C) 

pH 7.0 - 8.0 5.0 - 5.5 7.5 - 8.5 

Volatile Solids Reduction 50% 65% 

Solids Loading 0.12-0.13 lb VSS/day/cf 3 lb VSS/day/cf N.A. 

3.3.1 Advantages of Multi-Phase Anaerobic Digestion 

 Increased volatile solids reduction. 

 Increased dewaterability. 

 Increased, cleaner-burning gas production. 

 Compatibility with existing digestion facilities at Sundog WWTP. 

 Compatibility with cogeneration technologies. 

3.3.2 Disadvantages of Multi-Phase Anaerobic Digestion 

 Requires skilled operators. 

 Strong sidestream (supernatant).  

 Safety issues with flammable gases. 

 Requires additional monitoring to confirm Class A. 

 Additional heating requirements as compared to conventional anaerobic digestion. 
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3.3.3 Process Summary of Multi-Phase Anaerobic Digestion 

Multi-phase anaerobic digestion could be a viable sludge stabilization treatment alternative 
for the City of Prescott due to its flexibility, compatibility with existing digestion facilities at 
the Sundog WWTP as well as cogeneration technology, and its ability to produce EQ or 
Class A biosolids. This process may be cost-effective for the centralized treatment 
alternative at the Airport WRF (buildout capacity of 15 mgd), but not likely for separate 
treatment at each plant. However, a detailed evaluation of multiphase anaerobic digestion 
is not recommended at this point since the recommended approach to produce Class B 
biosolids would not justify the additional capital cost of multiphase digestion. It is important 
to note that this process can be retrofitted to a conventional anaerobic digestion process, 
and the City may consider evaluating this process at a later time should the need for higher 
biosolids quality require a closer evaluation of technologies capable to achieve Class A 
biosolids quality. 

3.4 Temperature-Phased Anaerobic Digestion 

Another advanced digestion technology that may achieve Class A biosolids criteria is 
temperature-phased anaerobic digestion. This technology uses temperature to improve the 
disinfection potential and physical separation of the digestion phases. There are various 
configurations, including mesophilic-thermophilic, thermophilic-mesophilic, and three-phase 
systems. Various configurations of these processes are now being tested at large 
wastewater treatment plants.  

The most promising configuration is a mesophilic-thermophilic-mesophilic three-phase 
system. One of the main advantages of this type of system is that the odorous sludge 
produced in a thermophilic stage can be mitigated through the use of a subsequent 
mesophilic stage. In effect, this type of process combines the best aspects of thermophilic 
digestion (disinfection) and Two-Phase mesophilic digestion (VSS reduction, dewaterability, 
gas production, and non-odorous sludge). 

3.4.1 Advantages of Temperature-Phased Anaerobic Digestion 

 Produces Class A biosolids (PFRP equivalent with 1 day batch tanks at 

68 degrees Celsius). 

 Has the potential to reduce odors typically associated with anaerobic digestion. 

3.4.2 Disadvantages of Temperature-Phased Anaerobic Digestion 

 Lowering the temperature from thermophilic temperatures to mesophilic 
temperatures is difficult because microorganisms become acclimated to initial 
temperatures. This can make the process difficult to control and maintain desired 
sludge quality. 
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 Potential odor and foam issues in the themophilic stage. 

 Requires skilled operators. 

3.4.3 Process Summary of Temperature-Phased Anaerobic Digestion 

Temperature-phased anaerobic digestion will not be considered as a potential alternative 
sludge stabilization process for the City of Prescott to due to the operational difficulties 
associated with lowering process temperatures from the thermophilic to mesophilic range, 
while maintaining an efficient microorganism population capable of achieving the desired 
sludge stabilization.  

3.5 Autothermal Thermophilic Aerobic Digestion (ATAD) 

Aerobic digestion is a proven stabilization technology that offers a stable and consistent 
operation. Thermophilic aerobic digestion is a type of aerobic digestion capable of 
producing Class A biosolids. ATAD operates at a range of 50 degrees Celsius to 
60 degrees Celsius (55 degrees Celsius optimally) and utilizes aerobic microorganisms. 
However, this technology rarely accomplishes destruction of the organic component beyond 
40 percent of the feed. ATAD utilizes temperature to increase the biological activity, which 
reduces the detention time from 20-30 days to 8-12 days. The increase in temperature also 
reduces the number of pathogenic organisms to levels capable of meeting Class A 
requirements. 

3.5.1 Advantages of ATAD 

 Produces a Class A biosolids product. 

 Short detention time requires smaller digester volumes. 

3.5.2 Disadvantages of ATAD 

 Although this technology was developed with the concept that the temperature would 
be self-regulating, the evaporation of water due to air saturation cools the digester, 
requiring supplemental heating.  

 Significant foaming issues are typical due to the high oxygen demand associated 
with increased biological rates and high air rates for mixing.  

 Aerobic digestion is very energy intensive. 

 Requires skilled operators to monitor and control optimum temperature range. 

 Odor potential due to degradation of the organic compounds at high temperatures.  

 Air from the digesters typically requires scrubbing. 

 Not compatible with cogeneration technologies. 
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3.5.3 Process Summary of ATAD 

Due to the array of significant disadvantages outlined above, this technology is not 
considered to be a viable sludge stabilization process for the City of Prescott. 

3.6 Thermal Treatment 

Thermal (heat) treatment is the stabilization of raw sludge at elevated temperatures. The 
thermal treatment processes available in the U.S. include the Zimpro and the Ver-Tech 
systems. Both systems are wet-air oxidation processes, which use oxygen to convert 
biosolids to water, carbon dioxide, and an inert residual. The U.S. EPA identifies the Zimpro 
Process as a heat treatment process that could meet the PFRP or Class A requirements if 
operational parameters are met. Alternatively, the Ver-Tech process has not been approved 
by the EPA as a PFRP to date. However, both processes qualify as a PFRP if the raw 
sludge is heated to a temperature of 180 degrees Celsius or higher for 30 minutes. 

3.6.1 Advantages of Thermal Treatment 

 Zimpro process requires a shorter detention time than conventional digestion. 

 Ver-Tech process can produce Class A biosolids as well as produce carbon dioxide, 
water, and a small amount of reusable sand-like residual that can be included in the 
admixture to make construction bricks. 

3.6.2 Disadvantages of Thermal Treatment 

 Zimpro process is very energy intensive and can also generate considerable odors. 

 Zimpro requires additional dewatering and also produces a high color and organic 
sidestream, which is recycled to the headworks of the plant. 

 Ver-Tech system requires 4,000-5,000 feet deep concentric tubes, and temperatures 
of 288 degrees Celsius and pressure of 1,500 psi to pressure oxidize organics. 

 Neither of these processes are compatible with the existing digestion facilities at the 
Sundog WWTP and Airport WRF, requiring significant capital improvements to 
implement. 

3.6.3 Process Summary of Thermal Treatment 

Due to the energy requirements and other complications associated with thermal (heat) 
treatment processes, this technology is not considered to be a viable biosolids treatment 
alternative for the City of Prescott.  

3.7 Thermal Drying 

The thermal (heat) drying process must reduce the moisture content of the biosolids to 
10 percent or lower in order to meet the Class A PFRP requirement. In addition, the 
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temperature of the biosolids must be greater than 80 degrees Celsius or the wet bulb 
temperature of the gas in contact with the biosolids as it leaves the dryer must exceed 80 
degrees Celsius. 

Heat drying involves reduction of the moisture content of biosolids by induced evaporation. 
The feed sludge to the heat dryer must be mechanically dewatered to optimize the 
efficiency of the drying step. Heat drying utilizes mechanical agitation and auxiliary heat to 
increase the evaporation rate and has the capability and flexibility to produce pathogen free 
biosolids with any desired percent solids (up to nearly 100 percent). Heat drying 
alternatives include flash drying, spray drying, and rotary heat drying. The US EPA reports 
that the most common type of dryer currently used in handling biosolids is the rotary dryer. 

Heat drying can be achieved via direct or indirect methods. Direct heating exposes 
biosolids to full contact with hot gases. Indirect drying uses hot gas to heat up surface(s), 
which then come in contact with the sludge to evaporate moisture from the biosolids. The 
disadvantage to direct dryers is that new hot gas needs to be generated to evaporate 
moisture from the biosolids. Furthermore, the gas must be treated prior to release into the 
atmosphere. Alternatively, indirect dryers can recycle the gas used to heat the surfaces, 
which saves on power costs. In the past, heat drying alternatives tended to have high 
energy costs and were not widely used. Newer technology has made heat drying less 
energy intensive and more feasible.  

Thermal drying technologies are also affected by air emissions permitting requirements, 
including 40 CFR, Part 60 - New Source Performance Standards and 40 CFR, Part 61 - 
National Emission Standards for Hazardous Air Pollutants. The air pollutants of concern 
from a typical rotary drum-type thermal drying system are basically the byproducts of 
natural gas and/or digester gas combustion along with off-gases from the drying process. 
The main pollutants of concern are particulate matter less than 10 microns in diameter 
(PM10), volatile organic compounds (VOCs), sulfur oxides (SOx), nitrogen oxides (NOx), 
carbon monoxide (CO), hazardous air pollutants (HAPs), and trace amounts of metals. A 
natural gas or digester gas-fired regenerative thermal oxidizer (RTO) is typically used to 
control emissions of VOCs and CO. Up to 99 percent of VOCs and up to 85 percent of CO 
emissions can be controlled by the RTO. Any ammonia released from the sludge will also 
get oxidized to nitrogen dioxide (NO2) in the RTO. Additionally, particulate control devices, 
such as Venturi scrubbers, are also typically employed to reduce particulate emissions.  

In addition to the dryer itself, a rotary drum-type dryer system will also be comprised of 
product-handling equipment, including conveyors, bucket elevators, screens, grinders, 
product-cooling equipment, and product storage bins or silos. These units are typically 
completely enclosed and ventilated to scrubbers or fabric filters to control particulate 
emissions. 
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3.7.1 Advantages of Thermal Drying 

 Produces a Class A biosolids product. 

 Compatibility with existing digestion facilities at Sundog WWTP. 

3.7.2 Disadvantages of Thermal Drying 

 Energy intensive. 

 Air permitting requirements. 

3.7.3 Process Summary of Thermal Drying 

Thermal (heat) drying is a viable sludge stabilization technology for the City of Prescott, and 
is recommended for further evaluation. This alternative is best fitted for medium to large 
systems, and therefore it would be particularly well fitted for a regional facility approach to 
biosolids management.  

3.8 Pasteurization 

Pasteurization is intended to kill pathogens in raw sludge by elevating the temperature to 
70 degrees Celsius or higher for 30 minutes or longer. Pasteurization must be performed in 
a batch process to prevent recontamination that might occur in a continuous feed process.  

3.8.1 Advantages of Pasteurization 

 Produces Class A biosolids. 

 Increased pathogen destruction. 

3.8.2 Disadvantages of Pasteurization 

 Re-growth of pathogens and odors are potential concerns. 

 Post-treatment with digestion or chemicals is required to eliminate pathogen re-
growth. 

3.8.3 Process Summary of Pasteurization 

Pasteurization is not considered to be a viable sludge stabilization option for the City of 
Prescott due to the required post-treatment with digestion or chemicals. 

3.9 Chemical Addition 

Chemical addition processes are utilized to not only dewater and stabilize biosolids, but in 
some cases, to immobilize toxic compounds or heavy metals in a bonding matrix, thereby 
rendering the final product inert. Lime is often used to raise the pH to levels needed to 
reduce pathogens. The final product is suitable for amending acidic soils. Several chemical 
stabilization processes exist including alkaline stabilization and the commercial process 
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En-Vessel Pasteurization and N-Viro Corp., which are discussed further in subsequent 
sections. 

3.9.1 Post-Dewatering Lime Stabilization 

Post-dewatering lime stabilization involves adding dry lime to the biosolids cake and mixing 
it in a pug mill. Sufficient lime must be added to raise the pH to 12 for two hours of contact 
time. Following treatment, the final product must be mixed with a bulking agent and 
windrowed before it can be distributed or marketed. 

3.9.1.1 Advantages of Lime Stabilization 

 Potentially an EQ or Class A biosolids product when coupled with other stabilization 
processes.  

3.9.1.2 Disadvantages of Lime Stabilization 

 Requires combination with several other processes to produce Class A biosolids. 

 Additional annual operational costs for chemicals and operations. 

 Final alkaline material may not be suitable for all land types. 

 Lime and bulking agents create a larger volume of ultimate biosolids requiring 
disposal. 

3.9.1.3 Process Summary of Lime Stabilization  

Due to the various disadvantages outlined above, post-dewatering lime stabilization is not 
considered to be a viable sludge stabilization option for the City of Prescott.  

3.9.2 En-Vessel Pasteurization 

En-Vessel Pasteurization uses chemical addition in combination with heat treatment. This 
commercial pasteurization method is available through RDP Technologies. RDP utilizes a 
patented process to reduce biological, municipal wastewater sludge pathogens and vector 
attraction properties by simultaneously mixing and heating lime and sludge. The technology 
uses electrical power to heat the sludge up to 70 degrees Celsius, while simultaneously 
adding lime to increase the pH to 12. The sludge is fed through a heated screw conveyor in 
which the material is heated and the chemicals are uniformly spread. The resulting product 
is a stabilized material that complies with Class A biosolids criteria. 

3.9.2.1  Advantages of En-Vessel Pasteurization 

 Produces Class A biosolids. 

 Retention time is 30 minutes. 



 
 

 

 9-18 03/16/2011     In Association with   

3.9.2.2 Disadvantages of En-Vessel Pasteurization 

 Addition of chemical increases the overall volume of biosolids for disposal.  

 Process is patented and therefore, potentially costly. 

 Additional annual operational costs for chemicals and operations. 

3.9.2.3 Process Summary of En-Vessel Pasteurization 

Due to the various disadvantages outlined above, En-Vessel Pasteurization is not 
considered to be a viable sludge stabilization option for the City of Prescott. 

3.9.3 N-Viro Chemical Stabilization 

N-Viro Chemical Stabilization is a patented PFRP process (EPA approval in January 1988) 
in which cement kiln dust, lime kiln dust, lime, fly ash, or other alkaline material is added to 
dewatered biosolids. The mixture produces an exothermic reaction in which a minimum 
temperature of 52 degrees Celsius and a pH greater than 12 are achieved. The mixture is 
then stored at this condition for 12 hours. The material is then dried by thermal drying. The 
material must remain above a pH level of 12 for at least three days and be dried to at least 
50 percent solids content at the completion of the process. A typical mixture is 1.25 parts 
alkaline material to 1.0 part biosolids. The final product can be used as a soil amendment or 
landfill alternative daily cover (ADC) material. 

3.9.3.1 Advantages of N-Viro Chemical Stabilization 

 Acceptable PFRP process capable of producing a Class A biosolids. 

3.9.3.2 Disadvantages of N-Viro Chemical Stabilization 

 Addition of chemical increases the overall volume of biosolids for disposal  

 Potential high ammonia odors. 

 Additional annual operational costs for chemicals and operations. 

 Process is patented and therefore, potentially costly. 

 Final alkaline product may not be suitable for all land types 

3.9.3.3 Process Summary of N-Viro Chemical Stabilization 

N-Viro Chemical Stabilization is not considered to be a viable treatment alternative for the 
City of Prescott for various reasons. Alkaline biosolids produced during alkaline stabilization 
are not always appropriate for land application. This process is also chemically intensive, 
and results in an increase in the volume of biosolids, odor, and biological growth. In 
addition, the N-Viro process is not an attractive option due to the high ammonia odor 
produced and the proprietary nature of the process. 
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3.10 Composting 

Biosolids composting is a stabilization process whereby the organic constituents of the 
biosolids are aerobically decomposed. High temperatures achieved during the microbial 
decomposition reduce pathogenic organisms in the biosolids. The resultant humus-like 
material can be used as a soil amendment. The biosolids are typically dewatered prior to 
the composting process. 

A bulking agent such as wood or paper waste is usually added to increase the carbon-to-
nitrogen ratio. The bulking agent succeeds in producing higher quality biosolids as a soil 
amendment, raising the initial solids content of the mixture, and providing bulk porosity 
which is important for efficient aeration.  

During the composting process, the volatile solids content of the digested biosolids is 
reduced. The bulking agent can become partially decomposed and the solids content of the 
mixture can increase. When composting is complete, the compost material is typically 
screened to retrieve a portion of the bulking agent. The product is typically cured for several 
days before it is bagged and labeled or distributed in bulk form. Composting operations can 
meet both Class A and Class B pathogen reduction requirements depending on time and 
temperatures met during the process. 

Because compost products have generally been associated with food and yard waste or 
agricultural waste, the public is more familiar with compost products and is more likely to 
accept biosolids compost. In addition, because the composting process requires carbon 
sources, these nutrients could be supplied through the use of municipal organic waste. 
Composting can also incorporate water treatment residuals, which would serve as a bulking 
agent.  

There are three basic types of composting processes discussed in the following sections: 
windrow composting, aerated static piles, and in-vessel composting. 

3.10.1 Windrow Composting 

In windrow composting, the biosolids and bulking agent mixture is formed into long, open-
air piles. The biosolids are turned frequently to ensure an adequate supply of oxygen 
throughout the compost pile and to guarantee high, uniform temperatures throughout the 
pile for optimal pathogen reduction. Windrow composting requires a significant amount of 
land and, due to the odor potential, is generally limited to rural areas with low population 
densities. 

3.10.2 Aerated Piles Composting 

Aerated static piles rely on forced air to supply air for both decomposition and moisture 
removal. Air is supplied by blowers connected to perforated pipes running under the piles. 
The blowers draw or blow air into the piles, assuring even distribution of air throughout the 
composting biosolids mixture. A layer of previously composted biosolids placed over the 
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surface of the pile helps to insulate the pile and assure that sufficient temperatures are 
achieved throughout the pile. 

Aerated static pile composting is usually conducted within an enclosed building in order to 
collect and scrub the gases emitted from the process. A static pile composting facility would 
require a large parcel of land. 

3.10.3 In-Vessel Composting 

In this process, the feed biosolids, bulking agent, and recycled biosolids are fed into an 
enclosed vessel or reactor. Environmental conditions such as temperature and oxygen 
supply can be monitored and controlled inside the reactor. The biosolids mixture is 
maintained in an aerobic condition by forced air or continuous mixing. The air provides 
oxygen to the microorganisms and maintains decomposition rates of compost. The 
stabilization period in the system is approximately 14 to 21 days followed by an additional 
curing period of approximately 30 days. Curing is induced by stockpiling the composted 
material in a warehouse type building. Both the composting and curing locations would be 
fully enclosed, and air and odor emissions would be treated prior to releasing to the 
atmosphere. In-vessel systems are becoming more popular due to easier odor and gas 
emission collection and treatment, process control, and better public acceptance. 

Currently, there are two basic types of in-vessel reactors, including a tunnel reactor and a 
plug-flow, agitated bay system. Tunnel reactors may be constructed either vertically or 
horizontally. The plug-flow agitated bay system is offered by several manufacturers. The 
agitated bay system consists of modular units of parallel walls (or bays). For both systems, 
biosolids and bulking agents are initially mixed before entering the systems.  

3.10.3.1 Advantages (In-Vessel Composting only) 

 General public acceptance. 

 Requires a smaller footprint than other composting technologies. 

 Allows for simple gas collection and scrubbing. 

 Produces a Class A biosolids that may be sold to public. 

3.10.3.2 Disadvantages (In-Vessel Composting only) 

 Fire potential is high. 

 Requires additional odor control equipment, a bulking agent, and a curing step, 
which requires additional process time and space. 

 Requires 30 days of composted material storage (i.e. warehouse). 
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3.10.3.3 Process Summary of Composting 

Due to the disadvantages outlined above, composting is not considered to be a viable 
sludge stabilization option for the City of Prescott. However, the technology is considered a 
potential option should a regional biosolids handling facility become a reality at any point in 
the future.  

3.11 Biosolids to Energy (Incineration) 

Incineration is the complete combustion or rapid exothermic oxidation of combustible 
materials such as fixed carbon, hydrogen, and sulfur in biosolids. Other combustible 
materials include grease and scum, which have very high fuel value. Incineration can 
produce a Class A material. Ash produced from the furnaces can be beneficially used 
and/or disposed in the same way as biosolids. Pyrolysis is an incineration process where 
the combustion process is starved for oxygen by supplying less air than is required for 
combustion. An afterburner is required to destroy particulate carry-over and odors.  

3.11.1 Advantages of Biosolids to Energy 

 Prior stabilization is not required, reducing the required digestion facilities. 

 Reduces solids by up to 95 percent. 

 Potential for energy (heat) recovery. 

 Inert ash is non-hazardous and can be disposed in municipal landfills. 

3.11.2 Disadvantages of Biosolids to Energy 

 Incineration of biosolids is currently prohibited in Arizona. 

 Requires specialized operations staff and significant safety measures. 

 Potentially negative public perception due to older systems with poor air emissions. 

 Air emissions must be carefully handled. 

3.11.3 Process Summary of Biosolids to Energy 

Because of the current prohibition of biosolids incineration in Arizona’s present regulations, 
incineration is not a viable planning alternative for the City of Prescott. However, the 
technology could be considered a potential option should a regional biosolids handling 
facility become a reality at any point in the future, and should the current regulations 
change to allow biosolids incineration in the State of Arizona. 
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3.12 Biosolids Stabilization Alternatives Screening Summary 

Based on the information presented in this Section 1.0, the following processes are 
recommended for in the biosolids alternatives evaluation for either separate treatment 
facilities or a centralized treatment plant at the Airport WRF: 

 Conventional Anaerobic Digestion 

 Thermal Drying 

Processes that may be viable should a regional biosolids management facility become a 
long-term consideration include: 

 Composting 

 Thermal Drying 

 Biosolids to Energy (Incineration) 
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4.0 BIOSOLIDS TREATMENT ALTERNATIVES EVALUATION 

4.1 Sundog WWTP 

Two alternatives for biosolids treatment were short-listed in Section 3 for near-term 
consideration, including conventional anaerobic digestion and thermal drying. 

4.1.1 Anaerobic Digestion 

Anaerobic digestion has been determined by the US EPA under 40 CFR Part 503 to be a 
Process that will Significantly Reduce Pathogens (PSRPs).  In this process biosolids are 
treated in the absence of air for a specific mean cell residence time at a specific 
temperature. Values for the mean cell residence time and temperature must be between 15 
days at 35°C to 55oC and 60 days at 20°C.  The City is currently operating below 15 day 
SRT and therefore must test for fecal coliforms in their biosolids to insure compliance.  All 
alternatives for this analysis assume a minimum 15 day SRT for anaerobic digestion.  In 
addition, the Part 503 rule requires that sludge stabilization processes must reduce the 
attractiveness of biosolids to vectors, thereby reducing the potential for transmitting 
diseases from pathogens in biosolids.   

Average and maximum month sludge production values and corresponding sludge flows to 
the anaerobic digesters were calculated for Phase 1 and the ultimate flow capacity for 
Sundog WWTP in TM No. 5S and are summarized in Table 4.1.  
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Table 4.1  Sundog WWTP Sludge Production and Flow to Digesters 
Technical Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

Parameter Unit Volatile Solids Total Solids 

Phase 1 (3.6 mgd): Solids 
Production Rate 
Average Month 
Maximum Month 

 

 

LBS/D 

 
 

10,082 
21,201 

 
 

11,783 
24,797 

Ultimate (5.4 mgd): Solids 
Production Rate 
Average Month 
Maximum Month 

 
 

LBS/D 

 
 

15,122 
31,925 

 
 

17,718 
37,289 

Thickened WAS & PS Solids 
Concentration 

 
%TS 

  
5% 

Phase 1 (3.6 mgd): Total Flow to 
Digesters - Continuous 
Average Month 
Maximum Month 

 
 

MGD 

  
 

0.028 
0.060 

Ultimate (5.4 mgd): Total Flow to 
Digesters - Continuous 
Average Month 
Maximum Month 

 
 

MGD 

  
 

0.043 
0.090 

In order to ensure compliance with conventional design guidelines for volatile solids 
loading and EPA 503B requirements for Class B sludge, digestion capacity must be 
increased.  The design criteria from TM No. 5S is summarized in Table 4.2. 
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Table 4.2     Sundog WWTP Anaerobic Digester Criteria 
Technical Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

Parameter Unit Phase 1 
(3.6 mgd) 

Ultimate 
(5.4 mgd) 

Number of Digesters # 3 4 

Diameter ft 50 50 

Depth ft 25 25 

Volume per Digester ft3 49,000 49,000 

Hydraulic Retention Time (all in operation) Days   

Average Month 39.0 34.6 

Maximum Month 18.5 16.4 

Hydraulic Retention Time (one OOS) Days   

Average Month 26.0 25.9 

The existing sludge dewatering belt filter press is at the end of its useful life and is 
undersized for future requirements. For the purposes of master planning, centrifuge 
technology is assumed for new dewatering facilities since it is a conservative cost 
assumption and is consistent with the recent centrifuge equipment installed at the Airport 
WRF.  Alternative technologies will be considered during preliminary design.  The 
centrifuge dewatering design criteria from TM No. 5S is summarized in Table 4.3. 
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Table 4.3       Sundog WWTP Digested Sludge Dewatering Criteria 
Technical Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

Parameter Unit Phase 1 Ultimate 

Number of Centrifuges # 2 2 

Centrifuge Hydraulic Capacity gpm 150 150 

Digested Solids Production (38% VS 
destruction) 

Lbs/d (assuming 7 days of 
production is dewatered in     

5 days) 

 
 

Average week 11,133 16,760 

Maximum week 23,437 35,221 

Digested Solids Flow (5 days/week) mgd   

Average Day 0.04 0.06 

Maximum Month 0.08 0.13 

Digested Sludge Storage for Max Month Million gallons 0.12 0.18 

Centrifuge Operation (5 days/week) Hrs/day   

Average week 4.4 6.7 

Maximum week 8.9 14.4 

4.1.2 Thermal Drying 

Thermal Drying has been determined by the US EPA under 40 CFR Part 503 to be a 
Process that will Further Reduce Pathogens (PFRPs).  In this process biosolids are dried 
by direct or indirect contact with hot gases to reduce the moisture content of the biosolids 
to 10 percent or lower. Either the temperature of the biosolids particles exceeds 80°C or 
the wet bulb temperature of the gas in contact with the biosolids as the biosolids leave 
the dryer must exceed 80OC.  The Part 503 rule also requires that sludge stabilization 
processes reduce the attractiveness of biosolids to vectors, thereby reducing the potential 
for transmitting diseases from pathogens in biosolids.  Part 503 contains 12 options for 
demonstrating reduced vector attraction for biosolids.  Thermal drying is expected to 
meet Option 8: Drying biosolids with unstabilized solids to at least 90 percent solids 
concentration.  

Dryers reduce the moisture content of sludge and therefore are sized by the evaporative 
capacity of the equipment.  For Sundog, dryer technology could be installed post 
anaerobic digestion, but for the purposes of this evaluation, the dryer will be sized for 
drying dewatered primary and waste activated sludge.  Therefore the dryer must process 
dewatered cake with solids concentrations ranging from 20% to 25% depending on the 
dewaterability of the primary and waste activated sludge, and produce a dried, pelletized 
product with a solids concentration of at least 90% but more typically 93% or higher. In 
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addition for marketing and reuse purposes, the pellets should be durable, with low dust 
content and a relatively uniform diameter for distribution by fertilizer spreaders. 

Drying is mechanically intensive with solids conveyors and elevators and operations are 
potentially hazardous.  Therefore for a reliable dryer system, the process must be sized 
to operate 4 to 5 days per week. This allows two days for routine maintenance and 
calibration of safety equipment and will not result in excessive storage facilities. 

Average and maximum month sludge production values, and feed sludge flows to thermal 
drying were calculated for Phase 1 and the ultimate flows for Sundog WWTP in Table 
4.4.  

Table 4.4       Sundog WWTP Sludge Production and Flow to Thermal Drying 
Technical Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

Parameter Unit Volatile Solids Total Solids 

Phase 1 (3.6 mgd): Solids Production 
Rate 
Average Month 
Maximum Month 

 
 
 

LBS/D 

 

 

10,082 
21,201 

 

 

11,783 
24,747 

Ultimate (5.4 mgd): Solids Production 
Rate 
Average Month 
Maximum Month 

 
 
 

LBS/D 

 
 

15,122 
31,925 

 
 

17,718 
37,289 

Thickened WAS & PS Solids 
Concentration 

 
%TS 

  
5% 

Phase 1 (3.6 mgd): Total Flow to 
Thermal Drying 
Average Month 
Maximum Month 

 
 

MGD 

  
 

0.028 
0.060 

Ultimate (5.4 mgd): Total Flow to 
Thermal Drying 
Average Month 
Maximum Month 

 
 

MGD 

  
 

0.043 
0.090 
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Table 4.5        Sundog WWTP Undigested Sludge Dewatering Criteria 
 Technical Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

Parameter Unit Phase 1 Ultimate 

Number of Centrifuges # 2 2 

Centrifuge Hydraulic Capacity gpm 150 150 

WAS and Primary Solids Production Lbs/d (7 days of production is 
dewatered in 5 days) 

  

Average Day 16,496 24,805 

Maximum Month 34,716 52,205 

WAS and Primary Solids Flow                
(5 days/week) 

mgd 
  

Average Day 0.04 0.06 

Maximum Month 0.08 0.13 

WAS and Primary Sludge Storage for 
Max Month 

Million gallons 
0.12 0.18 

Centrifuge Operation (5 days/week) hrs/day 

Average Week  4.4 6.7 

Maximum Week  8.9 14.4 

 

Table 4.6 shows the evaporation requirements for Sundog assuming two conditions of 
sludge dryness; 20% TS and 25% TS. 
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Table 4.6       Sundog WWTP Thermal Drying Evaporative Capacity 
Technical Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

Parameter Unit Phase 1      
(3.6 mgd) 

Ultimate      
(5.4 mgd) 

Solids Production Rate (5 days per 
week) 
Average Month 
Maximum Month 

 

 

LBS/D 

 
 

16,496 
34,716 

 
 

24,805 
52,205 

Undigested Sludge Dewatered Cake 
Solids Concentration  

 
 %TS 20 – 25% 20 – 25% 

Required Evaporative Capacity 
Average Month 
Maximum Month 

 
KG H20 
/HR 

 
940 – 1,250 

1,970 – 2,630 

 
1,410 – 1,880 
2,960 – 3,950 

There are a variety of alternative drying technologies available for the thermal drying of 
biosolids.  One of the major suppliers to the North American Market is Andritz.  Andritz 
provide three types of dryers depending on specific requirements. 
 

Table 4.7       Biosolids Dryers Technology Key Features  
Technical Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

Dryer Technology Key Features 

Belt Drying Systems  economic drying for smaller capacities 
 low temperatures by drying with waste 

heat 
 processing of fibrous materials 
 easy service and maintenance for 

intermittent operation 

Fluidized Bed Drying Systems  medium to large capacities 
 continuous operation 
 usage of secondary energy 
 lowest emissions 

Drum Drying Systems  medium to large capacities 
 intermittent and continuous operations 
 usage of primary energy 
 best pellet quality for agricultural use 

For the Sundog WWTP the evaporative capacities are too low for fluidized bed or drum 
dryers, therefore the most appropriate dryer technology will be the belt drying system.  A 
single dryer of capacity 4,000 kg/hr (8,800 lb/hr) will process maximum month sludge 
production from 7 days of production in 5 days.   During current and Phase 1 flows, the 
dryer will have spare capacity that could be used for processing Airport WRF sludge.  
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Figure 4.1  Belt Dryer Process Schematic (Courtesy of Andritz)1 
 

4.1.3 Economic Analysis of Anaerobic Digestion and Thermal Drying 

The capital costs and operating costs for anaerobic digestion and thermal drying are 
provided in Table 4.8 below.  For the Sundog WWTP at the Phase 1 and ultimate flows, 
anaerobic digestion is the preferred economic alternative.   

Table 4.8 Sundog WWTP Biosolids Alternatives Costs 
Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

Criteria Anaerobic Digestion Thermal Drying 

Probable Construction Cost $5,426,000 $14,000,000 

Annual O&M Costs $340,100 $1,220,100 

Total Life-Cycle Cost $10,099,000 $27,990,000 

Note: 
(1)   Present value costs assume a life-cycle period of 20 years, an interest rate of 6%, and 

an escalation rate of 2%. 

 

                                                 
1 http:// www.andritz.com 
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However the thermal dryer will produce a fertilizer product that has agricultural and 
recycling value, whereas dewatered anaerobic sludge has little value and in many 
jurisdictions has become a liability for municipal agencies.  Given a long term view of 
biosolids disposal, the City of Prescott should consider planning for thermal drying of 
biosolids in a combined facility as flows increase and new residential construction re-
starts.   

4.2 Airport WRF 

Two alternatives for biosolids treatment were short-listed in Section 3, including 
conventional anaerobic digestion and thermal drying.  The Airport WRF currently has no 
solids stabilization process, and anaerobic digestion and thermal drying are generally not 
cost effective at plants rated less than 5 mgd.  Therefore, this analysis will be conducted 
only for ultimate conditions (9.6 mgd). 

4.2.1 Anaerobic Digestion 

Average and maximum month sludge production values were calculated for ultimate 
flows for Airport WRF.  Primary and waste activated sludge solids were taken or pro-rated 
from Table 8.9, of TM No. 8.  The volatile solids concentration of the WAS is estimated to 
be 80% and the volatile solids concentration of the primary sludge is estimated to be 
70%.  The combination of thickened WAS and primary sludge is assumed at 5% prior to 
anaerobic digestion or thermal drying. 
 

Table 4.9      Airport WRF Sludge Production and Flows to Digesters 
Technical Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

Parameter Unit Volatile Solids Total Solids 

Ultimate (9.6 mgd): Total Solids 
Production Rate 
Average Month 
Maximum Month 

LBS/D  
27,360 
47,950 

 
33,243 
58,612 

Thickened WAS & PS Solids 
Concentration 

%TS  5% 

Total Flow to Digesters – Continuous 
Average Month 
Maximum Month 

   
0.08 
0.14 

In order to ensure compliance with conventional design guidelines for volatile solids 
loading and EPA 503B requirements for Class B sludge, digestion capacity must be 
provided as indicated in Table 4.10.  The limiting design condition for the ultimate 
capacity is the provision for removing one digester from service under annual average 
conditions.  
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Table 4.10      Airport WRF Anaerobic Digester Criteria 
Technical Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

 
Parameter 

 
Unit 

 Ultimate  
(9.6 mgd) 

Number of Digesters #  6 

Diameter ft  55 

Depth ft  25 

Volume per Digester ft3  59,396 

Hydraulic Retention Time (all in operation) Days   

Average Month  33.4 

Maximum Month  19.0 

Hydraulic Retention Time (one OOS) Days   

Average Month  27.9 

For the purposes of master planning, centrifuge technology is assumed for new 
dewatering facilities since it is a conservative cost assumption and is consistent with the 
centrifuge equipment recently installed at the Airport WRF.  Therefore two duty and one 
standby centrifuge will be installed.  Digested sludge storage will also be required to 
facilitate dewatering for only 5 days in a week as shown in Table 4.11.  
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Table 4.11      Airport WRF Digested Sludge Dewatering Criteria 
Technical Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

 
Parameter 

 
Unit 

 Ultimate 
(9.6 mgd) 

Number of Centrifuges #  3 

Centrifuge Capacity (Maximum) gpm  150 

Digested Solids Production ( 5 days/ week  
and 38% VS destruction) 

Lbs/d (assuming 7 days of 
production is dewatered in 

5 days) 

 
 

Average week  31,985 

Maximum week  56,547 

Digested Solids Flow (5 days/week) mgd   

Average Day  0.11 

Maximum Month  0.20 

Digested Sludge Storage for Max Month Million gallons  0.28 

Centrifuge Operation (5 days/week) Hrs/day   

Average week  6.1 

Maximum week  11.1 

4.2.2 Thermal Drying 

Average and maximum month sludge production values, and sludge flows prior to drying 
were calculated for the ultimate flows for Airport WRF and are presented in Table 4.12.  
Undigested sludge dewatering criteria for the heat drying alternative are given in Table 
4.13.  
 

Table 4.12      Airport WRF Sludge Production and Flows to Thermal Drying  
Technical Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

Parameter Unit Volatile Solids Total Solids 
Ultimate (9.6 mgd): Total Solids 
Production Rate 
Average Month 
Maximum Month 

LBS/D  
 

27,360 
47,950 

 
 

33,243 
58,612 

WAS & PS Solids Concentration      
(after thickening) 

%TS  5% 

Ultimate: Total Flow - Continuous 
Average Month 
Maximum Month 

MGD   
0.08 
0.14 
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Table 4.13      Airport WRF Undigested Sludge Dewatering Criteria 
Technical Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

 
Parameter 

 
Unit 

 Ultimate  
(9.6 mgd) 

Number of Centrifuges # (N+1)  3 

Centrifuge Capacity (Maximum) gpm  150 

WAS and Primary Solids Production      
(5 days/week) 

Lbs/d 
  

Average Day  46,540 

Maximum Month  82,060 

WAS and Primary Solids Flow                
(5 days/week) 

mgd 
  

Average Day  0.11 

Maximum Month  0.20 

WAS and Primary Sludge Storage for 
Max Month 

Million gallons 
 0.28 

Centrifuge Operation (5 days/week) Hrs/day 

Average Day 6.1 

Maximum Month 11.1 

As mentioned previously for sizing dryers, the evaporation requirements for the 
dewatered sludge must be determined.  Table 4.14 presents the evaporation 
requirements for Airport WRF for two conditions of cake solids concentration: 20% TS 
and 25% TS. 

Table 4.14     Airport WRF Thermal Drying Evaporative Capacity   
Technical Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

Parameter Unit  Ultimate 

Solids Production Rate (5 days per 
week) 
Average Month 
Maximum Month 

 

 

LBS/D 

 

 
 

46,540 
82,060 

WAS & PS Solids Dewatered 
Concentration  

%TS 
 20 – 25% 

Evaporative Capacity 
Average Month 
Maximum Month 

KG/HR 
 

 
2,640 – 3,520 
4,660 – 6,210 
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There are a variety of alternative drying technologies available for the thermal drying of 
biosolids as mentioned previously.  Andritz provide three types of dryers depending on 
specific requirements. 

For Airport WRF the evaporative capacities are too low for fluidized bed or belt dryers, 
except at maximum month conditions.  Therefore the most appropriate dryer technology 
will be the rotary drum.  One dryer of capacity 6,200 kg/hr (13,700 lb/hr) will process 
maximum month sludge production from 7 days of production in 5 days.      

4.2.3 Economic Analysis of Anaerobic Digestion and Thermal Drying  

The capital costs and operating costs for anaerobic digestion, and thermal drying are 
provided in the tables below.  For Airport WRF at current and ultimate flows, anaerobic 
digestion is the preferred economic alternative, as shown in Table 4.15.   
 

Table 4.15 Airport WRF Biosolids Alternatives Costs Comparison 
Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

Criteria Anaerobic Digestion Thermal Drying 

Probable Construction Cost $22,680,000 $35,700,000 

Annual O&M Costs $544,600 $2,192,000 

Total Life-Cycle Cost $30,163,000 $46,840,000 

Note: 
(1)  Present value costs assume a life-cycle period of 20 years, an interest rate of 6%, and 

an escalation rate of 2%.

The thermal dryer will produce a fertilizer product that has agricultural and recycling 
value, whereas dewatered anaerobic sludge has little value and in many jurisdictions has 
become a liability for municipal agencies.  Given a long term view of biosolids disposal, 
the City of Prescott may want to consider planning for thermal drying of biosolids in a 
combined facility as flows increase and new residential construction re-starts.   

4.3 Centralized Airport WRF Alternatives 

Two alternatives for biosolids treatment were short-listed in Section 3, including 
conventional anaerobic digestion and thermal drying. The Airport WRF currently has no 
solids stabilization process, and anaerobic digestion and thermal drying are generally not 
cost effective at plants rated less than 5 mgd.  Therefore, this analysis will be conducted 
only for ultimate conditions (15 mgd).    

4.3.1 Anaerobic Digestion 

Average and maximum month sludge production values were calculated for ultimate 
flows for the Regional WWTP.  Ultimate solids load were calculated by summing sludge 
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from Sundog WWTP and Airport WRF.  The sludge will be 5% solids concentration prior 
to anaerobic digestion.  Table 4.16 establishes the flow and load to the digesters. 
 

Table 4.16      Centralized Airport WRF - Sludge Production and Flows to Digesters  
Technical Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

Parameter Unit Volatile Solids Total Solids 

Ultimate (15 mgd): Total Solids 
Production Rate 
Average Month 
Maximum Month 

 
 
 

LBS/D 

 
 

42,482 
79,875 

 
 

50,961 
95,901 

WAS & PS Solids Concentration  %TS  5% 

Thickened Sludge Flow – Continuous 
Average Month 
Maximum Month 

 

MGD 

 
 

 
0.12 
0.23 

In order to ensure compliance with conventional design guidelines for volatile solids 
loading and EPA 503B requirements for Class B sludge, digestion capacity must be 
provided as indicated in Table 4.17.  The limiting design condition for ultimate capacity is 
the provision for removing one digester from service.  

Table 4.17      Centralized Airport WRF Anaerobic Digester Criteria 
Technical Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

 
Parameter 

 
Unit 

 Ultimate      
(15 mgd) 

Number of Digesters #  5 

Diameter ft  75 

Depth ft  25 

Volume per Digester ft3  110,447 

Hydraulic Retention Time (all in operation) Days   

Average Month  32.7 

Maximum Month  17.4 

Hydraulic Retention Time (one OOS) Days   

Average Month  26.1 

For the purposes of master planning, centrifuge technology is assumed for new 
dewatering facilities since it is a conservative cost assumption and is consistent with the 
centrifuge equipment recently installed at the Airport WRF.  Digested Sludge storage will 
also be required to facilitate dewatering for only 5 days in a week.  The dewatering design 
criteria is given in Table 4.18. 
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Table 4.18      Centralized Airport WRF Digested Sludge Dewatering Criteria 
Technical Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

 
Parameter 

 
Unit 

 Ultimate  
(15 mgd) 

Number of Centrifuges (N+1) #  3 

Centrifuge Capacity (Maximum) gpm  150 

Digested Solids Production (5 days/week 
and 38% VS destruction) 

Lbs/d  
 

Average week  48,745 

Maximum week  91,768 

Digested Solids Flow (5 days/week) mgd   

Average Day  0.12 

Maximum Month  0.23 

Digested Sludge Storage for Max Month Million gallons  0.46 

Centrifuge Operation (5 days/week) Hrs/day   

Average (Total/per unit)  6.8 

Maximum Month (Total/per Unit)  12.8 

4.3.2 Thermal Drying 

Average and maximum month sludge production values, and sludge flows prior to drying 
were calculated for the ultimate flows for the Centralized Airport WRF in Table 4.19. 

Table 4.19   Centralized Airport WRF Sludge Production and Flows to Thermal Drying  
Technical Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

Parameter Unit Volatile Solids Total Solids 

Ultimate (15 mgd): Total Solids Production 
Rate 

Average Month 

Maximum Month 

LBS/D  

 

42,482 

79,875 

 

 

50,961 

95,901 

WAS & PS Solids Concentration  %TS  5% 

Thickened Sludge Flow – Continuous 
Average Month 

Maximum Month 

MGD   

0.12 

0.23 
 
The thickened sludge at 5% would be further dewatered with dewatering centrifuges as 
shown in Table 4.20. 
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Table 4.20  Centralized Airport WRF Undigested Sludge Dewatering Design 
Criteria Drying 
Technical Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

Parameter Unit  Ultimate

Number of Centrifuges #  3 

Centrifuge Capacity (Maximum) gpm  150 

WAS and Primary Solids Production        
(5 days/week) 

Lbs/d   

Average Day  71,345 

Maximum Month  134,261 

WAS and Primary Solids Flow                  
(5 days/week) 

mgd (7 days of production 
is dewatered in 5 days) 

  

Average Day  0.17 

Maximum Month  0.32 

WAS and Primary Sludge Storage for  
Max Month 

Million gallons 
 0.64 

Centrifuge Operation (5 days/week)  

Hrs/day 

 

  

Average Day per firm unit  9.5 

Maximum Month per firm unit  17.9 

As mentioned previously for sizing dryers, the evaporation requirements for the 
dewatered sludge must be determined.  Table 4.21 presents the evaporation 
requirements for the centralized Airport WRF assuming two conditions of dewatered cake 
solids concentration: 20% TS and 25% TS. 
 

Table 4.21    Centralized Airport WRF Thermal Drying Evaporative Capacity   
Technical Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

 
Parameter 

 
Unit 

 
Ultimate        
(15 mgd) 

Solids Production Rate (5 days per week) 
Average Month 
Maximum Month 

 

LBS/D  

 

71,345 
134,261 

WAS & PS Solids Dewatered Concentration  %TS  20 – 25% 

Evaporative Capacity 
Average Month 
Maximum Month 

 
KG/HR  

 
4,050 – 5,400 

7,600 – 10,160 
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The evaporative demand for ultimate load is within the operating range of rotary drum 
dryers.  One dryer of capacity 10,200 kg/hr (22,500 lb/hr) will process maximum month 
sludge production from 7 days of production in 5 days.      

4.3.3 Economic Analysis of Anaerobic Digestion and Thermal Drying  

The capital costs and operating costs for anaerobic digestion and thermal drying are 
provided in Table 4.22.  For the Centralized Airport WRF at ultimate flows, anaerobic 
digestion is the preferred economic alternative.   

The thermal dryer will produce a fertilizer product that has agricultural and recycling 
value, whereas dewatered anaerobic sludge has little value and in many jurisdictions has 
become a liability for municipal agencies.  Given a long term view of biosolids disposal, 
the City of Prescott may want to consider planning for thermal drying of biosolids in a 
combined facility as flows increase and new residential construction re-starts.  In addition, 
the City may wish to include biosolids-to-energy (incineration) as a viable alternative for 
consideration for a Regional WWTP.  Detailed evaluation of biosolids-to-energy is beyond 
the scope of this study. 

 

Table 4.22 Capital Costs and Operating Costs 
Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

Criteria Anaerobic Digestion Thermal Drying 

Probable Construction Cost $25,760,000 $35,700,000 

Annual O&M Costs $732,000 $3,362,000 

Total Life-Cycle Cost $35,818,000 $75,250,000 

Note: 
(1)  Present value costs assume a life-cycle period of 20 years, an interest rate of 6%, and 

an escalation rate of 2%.



Prescott Sundog WWTP and Airport WRF 
Capacity and Technology Master Plan 

Technical Memorandum No. 9 
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5.0 SLUDGE GAS UTILIZATION ALTERNATIVES 

5.1 Introduction 

The purpose of this chapter is to review biogas utilization options for the Sundog WWTP 
and the centralized treatment facility alternative at Airport WRF.  If separate treatment 
plants are maintained at both the Sundog WWTP and the Airport WRF there is no current 
recommendation for anaerobic digestion at the Airport WRF.  The biogas utilization options 
considered in this evaluation include process heating and on-site power generation.  
Economic and non-economic considerations and life cycle costing were used to evaluate 
potential biogas utilization alternatives.  

5.1.1 Background 

Biogas produced through anaerobic digestion is a prime source of energy that is 
traditionally used for process heat (digestion and/or heat drying), building heat, or to  
generate power.  Heat recovery from on-site power generation or drying can also be 
employed to heat digesters and buildings.  The costs and benefits of biogas utilization vary 
depending on capacity requirements, purchased energy costs, biogas cleaning 
requirements, and process heat requirements.   

5.2 Biogas Utilization Options 

Biogas produced during anaerobic digestion can be used for many different purposes 
including fuel for boilers to produce steam or hot water, fuel for the dryer equipment to 
remove moisture from the solids (with heat recovery to heat digesters), or in combined heat 
and power (CHP) systems such as combustion turbine or engine generator to produce 
electric power and hot water from heat recovery for digester heating.  In many locations, the 
biogas can also be cleaned to “near” natural gas quality and injected into natural gas 
transmissions pipelines.  Biogas utilization options for process heat and on-site power 
generation were considered for this evaluation.  Pipeline injection, which requires significant 
additional biogas cleaning equipment, is not expected to be cost effective for the Sundog or 
Centralized treatment facility capacities and was not given detailed consideration for this 
evaluation.   

A schematic of the options considered for this evaluation is presented on Figure 5.1. 
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Figure 5.1   Biogas Utilization Options 
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5.2.1 Biogas to Boilers 

Use of biogas to fire boilers is the most common biogas utilization option.  Hot water from 
the boilers can be used for digester or building heat.  The boilers are typically designed to 
fire on natural gas at digester start-up or when adequate quantities of biogas are not 
available.  Boiler systems can burn biogas and natural gas simultaneously, with the lead 
boiler burning biogas and second boiler burning natural gas.  Biogas production usually 
exceeds digester heating requirements, with surplus heat available seasonally, particularly 
in the warmer months.  Boilers can also be used to produce steam for digester and building 
heating, and building cooling with the use of steam fired absorption chillers.  If all the biogas 
is not used, the surplus is combusted using a flare.  Figure 5.2 illustrates biogas use in 
boilers.  A boiler efficiency of 80 percent conversion to useable heat is common and was 
used for this evaluation. 

 

Figure 5.2   Biogas Use in Boilers 
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5.2.2 Biogas to Thermal Dryers 

Plants that have thermal drying processes use available biogas for the dryer to reduce 
purchased energy requirements.  Plants can typically reduce their natural gas costs by 50 
to 80 percent, depending on the gas production and dewatered cake characteristics.  Heat 
can be recovered from the dryer scrubber water or dryer condensate to heat digesters.  
However, since thermal drying was not recommended for the Sundog WWTP, Airport WRF, 
or Centralized WWTP, this utilization option was not considered in detail. 

5.2.3 Biogas to Combined Heat and Power 

Biogas can be fired in internal combustion engines, turbines, or fuel cells to generate power 
and mechanical energy.  Heat, which can be recovered from the engine water jackets and 
exhaust in the form of hot water, can be used for process heating.  These systems, known 
as Combined Heat and Power (CHP), are discussed in the following sections.  A 
comparison of the CHP technologies is presented in Table 5.1.  Costs have been adjusted 
from the original 2007 cost basis to 2010 values using ENR indices.   
 

Table 5.1 Typical Performance Characteristics and Costs of CHP 
Technologies1 
Technical Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

Technology Units Gas  Engine 
Micro-

Turbine 
Fuel Cell 

Power efficiency % 22-40 18-27 30-63 

Overall efficiency % 70-80 65-75 55-80 

Effective electrical 
efficiency 

% 70-80 50-70 55-80 

Typical capacity kWe 10-5,000 30-250 5-2,000 

Availability % 92-97 90-98 >95 

Installed costs $/kWe 1,200-2,400 3,600-3,200 5,400-6,400 

O&M costs $/kWe 0.010-0.024 0.013-0.027 0.034-0.041 

Fuel pressure Psi 1-45 
50-80 

(Compressor)  
0.5-45 

Note: 
1 From Catalog of CHP Technologies, U.S. EPA 
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Biogas to Engine Generators 

Many plants produce power on-site using engine generators or combustion turbine 
generators.  Biogas produced in the digestion process is used for power generation and the 
waste heat from the generators (in the form of hot water) is used to heat the digesters.  
Most plants generate enough electricity to provide about 30 percent of their plant power 
requirements.  The hot water heat produced by the engine generators provides heating for 
digestion requirements.  Depending on the climate and biogas production, the waste heat 
from the generators typically offsets digester heat requirements for 6 to 8 months per year 
and may have some additional heat available for building heating during all but the coldest 
months.  As is the case with all biogas utilization options, boilers are provided to use biogas 
for digester heating in the event the engine generators are not operating.  Spare engine 
generation capacity is not typically provided.  Figure 5.3 illustrates an engine generation 
process.   

A biogas-to-electricity conversion efficiency of 30-35 percent is typical with a heat recovery 
of 45 percent of input energy, for an overall system efficiency of 80 percent.  The power 
efficiency is assumed 35 percent for this evaluation. This system efficiency is reduced due 
to maintenance downtime for the engine generators.  Contaminants in the biogas will cause 
maintenance problems in the engine generators.  Consequently, gas treatment is required 
for engine generators.  A gas compressor is also required to boost gas pressure to 
compensate for pressure losses of the gas treatment and to provide sufficient gas pressure 
to the engines.   

 

Figure 5.3   Biogas Use in Engine Generators 
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Biogas to Combustion Turbine (MicroTurbine®) Generators 

Small modular combustion turbines (MicroTurbines) can be used in CHP systems to 
generate electricity. MicroTurbines are available at 30 kW, 60 kW and 200 kW capacities 
from Capstone Turbine Cooperation.  Small combustion turbines are also available from 
other manufacturers; however, they do not have advantages similar to MicroTurbines and 
are not included in this discussion. MicroTurbines have the advantage of being able to 
operate as a single unit, allowing individual units to turn on and off to match gas production 
or loads. The MicroTurbines have heat recovery modules to produce hot water for digester 
or building heat from exhaust gases.  MicroTurbine units are unique in that they operate at 
very high speeds but have few rotating parts.  These systems typically have biogas-to-
electricity conversion efficiencies of 26 percent (at 75 oF rating temperature), and heat 
recovery of 36 percent of input energy was used for an overall system efficiency of 62 
percent.  This overall efficiency is reduced due to maintenance downtime for the engine 
generators.  Biogas treatment to remove contaminants is required for MicroTurbines.  
Figure 5.4 illustrates energy production using MicroTurbines.   

.   

Figure 5.4   Biogas Use in MicroTurbines 
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Biogas to Fuel Cells 
 
Fuel cells are electrochemical devices that generate electricity using hydrogen. The 
methane (CH4) contained in biogas is the source of hydrogen for the fuel cells.  Biogas 
based fuel cells is a relatively a new technology and is typically not cost effective unless 
grants or outside funding is available.  Consequently, fuel cells were not given detailed 
consideration in this evaluation. 

5.2.4 Biogas to Mechanical Energy 

Biogas-fired internal combustion engines can be used to produce mechanical energy 
suitable to drive equipment, such as pumps or blowers.  As with engine generators, waste 
heat from the engines can be used to for digester or building heat.  Blowers must have 
specialized equipment to accommodate gas-fired engines.  The engines are typically 
equipped to operate on both biogas and natural gas.  If no gas is available, the blower 
motors operate on commercial power.  This technology is not widely used in the wastewater 
treatment industry and was not given detailed consideration in this evaluation.   

5.2.5 Evaluated Biogas Utilization Options 

Three biogas utilization options were listed for detailed evaluation for each treatment 
facility.  The options were as follows: 

1. Biogas use for process (anaerobic digester) heat. 

2. Biogas use in engine generators for on-site power generation and waste heat 
recovery. 

3. Biogas use in MicroTurbines for on-site power generation and waste heat recovery. 

Equipment requirements and costs were developed for each alternative at both the Sundog 
WWTP and the centralized treatment facility at the Airport WRF.  In addition, costs were 
developed for a “base case” scenario.  The “base case” scenario represents no energy 
recovery and flaring of all biogas.  Natural gas must be purchased for digester heating in 
the “base case” scenario. 

5.3 Projected Gas Production 

Biogas productions were estimated for the Sundog WWTP and centralized treatment facility 
at Airport WRF.  Solids quantities used for biogas production evaluation were calculated 
using the unit solids production rates presented in TM No. 8 – Biosolids Planning 
Conditions and the plant flow rate at the listed biogas utilization condition.   

According to the USEPA, a minimum 15 days of solids retention time (SRT) is required for 
anaerobic mesophilic digesters to meet Class B pathogen criteria.  Using the 15 day 
criterion, the existing digestion facility at the Sundog WWTP, with a primary digester volume 
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of 0.37 MG, can support a digester feed flow of approximately 24,700 gpd, at 4 percent TS, 
or 8,220 pounds per day (ppd) solids.  This digester feed corresponds to a plant influent 
flow of approximately 3 million gallons per day (mgd).  The solids quantities used for biogas 
production calculation at the Sundog WWTP are presented in Table 5.2. 
  
A 6 mgd flow to the centralized treatment facility at the Airport WRF was used for this 
evaluation with an assumption of equal contribution from the Sundog and Airport collection 
systems.  Although the centralized plant is projected to have an ultimate capacity of 15 
mgd, the expected plant flow for the next 5 to 10 years (near term) was used as the basis of 
this evaluation to prevent oversizing equipment and overestimating potential electricity 
production.  If the centralized treatment facility grows at a more rapid rate, cost effective on-
site power production may be achievable in a shorter time and/or larger capacity cleaning 
and generation equipment should be considered for the plant. 

The solids quantities used for biogas production calculation at the Centralized Airport WRF 
are presented in Table 5.2.   

 
Table 5.2 Solids Quantities at the Centralized Treatment Facility Technical 

Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

Parameter Units 

Individual Airport 
WRF 

3 mgd Plant Flow 
AA Condition 

Individual Sundog 
WWTP 

3 mgd Plant Flow 
AA Condition2 

Centralized Airport 
WRF 

6 mgd Plant Flow 
AA Condition 

Plant Flow mgd 3.0 3.0 6.0 

Primary 
Solids 

ppd 8,500 4,500 13,000 

lb/MG 2,800 1,500 2,200 

WAS 
ppd 1,900 3,700 5,600 

lb/MG 640 1,200 940 

Total Solids ppd 10,300 8,200 18,600 

Notes: 
1 From TM8 – Biosolids Planning Conditions. 
2 From Table 5.2. 

The biogas production calculations were based on the solids quantities presented in Table 
5.2.  Digestion performance (and corresponding biogas production) was based on digester 
feed volatile solids of 75 percent for primary solids (PS) and 82 percent for waste activated 
sludge (WAS), using a gas production rate of 16 standard cubic feet per day (scf/lb) volatile 
solids destroyed (VSr).  The calculated biogas production at the Sundog WWTP and the 
Centralized Treatment Facility are presented in Table 5.3 and Table 5.4.   
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Table 5.3 Digester Performance and Biogas Production at the Sundog WWTP 
Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

Parameter Units 
3 mgd Plant Flow 

AA Condition 

Total solids ppd 8,200 

Volatile solids ppd 6,400 

Volatile solids reduction % 45 

Volatile solids reduction ppd 2,900 

Gas production1 cfd 46,200 

Biogas energy2 mmBtu/day 28 

Biogas energy2 mmBtu/hr 1.2 

Notes: 
1Based on gas production of 16 cf/lb VS destroyed 
2Based on 600 Btu/cf 

 
Table 5.4 Digester Performance and Biogas Production at the Centralized 

Airport WRF 
Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

Parameter Units 
6 mgd Plant Flow 

AA Condition 

Total solids ppd 18,600 

Volatile solids ppd 14,400 

Volatile solids reduction % 45 

Volatile solids reduction ppd 6,500 

Gas production1 cfd 103,300 

Biogas energy2 mmBtu/day 62 

Biogas energy2 mmBtu/hr 2.6 

Notes: 
1Based on gas production of 16 cf/lb VS destroyed 
2Based on 600 Btu/cf 

Depending on its use, biogas must be cleaned to remove contaminants, including moisture 
sediment, hydrogen sulfide (H2S) and siloxanes.  Appropriate gas cleaning equipment has 
been assumed for each of the evaluated options. 
 

5.4 Power Generation and Energy Recovery Estimates 

Power generation and energy recovery estimates were calculated for the three evaluated 
alternatives, using the projected biogas productions presented in Section 5.3.  Descriptions 
of each evaluated alternative and power generation and energy recovery are presented in 
the following section. 
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 Case 1 - All biogas to the boiler for digester heating.  Excess biogas is flared.  This 
configuration is widely used at WWTPs equipped with anaerobic digestion.  

 Case 2 - All gas to engine generators.  Heat recovered from the engine generator 
jackets and exhaust is used for digester heating. 

 Case 3 - All gas to MicroTurbines.  Heat recovered from the MicroTurbine exhaust is 
used for digester heating. 

Energy recovery and electrical energy production from biogas for each of the evaluated 
alternatives has been estimated based on the gas production calculations listed in Table 
5.3 and Table 5.4.  Energy recovery and power estimates for design average annual 
conditions for the evaluated gas utilization alternatives are presented in Table 5.5 and 
Table 5.6 for Sundog WWTP and the Centralized Treatment Facility, respectively.   

 
Table 5.5 Biogas Energy Recovery Estimates for Sundog WWTP 

Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

Parameter Units 
Case 1 

Process 
Heat 

Case 2 
Engine 

Generator 

Case 3 
MicroTurbine 

Available biogas mmBtu/hr 1.2 1.2 1.2 

Power efficiency % NA1 35 26 

Potential Electrical power kWh/hr NA 120 90 

Potential Electrical power MWh/yr NA 1,040 770 

Heat recovery efficiency % 80 45 36 

Potential Heat Recovery mmBtu/hr 0.92 0.52 0.42 
Note: 
1Not applicable 
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Table 5.6 Biogas Energy Recovery Estimates for Centralized Treatment Facility 
Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

 
Parameter 

Units 
Case 1 

Process 
Heat 

Case 2 
Engine 

Generator 

Case 3 
MicroTurbine

Available biogas mmBtu/hr 2.6 2.6 2.6 

Power efficiency % NA1 35 26 

Potential Electrical power kWh/hr NA 270 200 

Potential Electrical power MWh/yr NA 2,300 1,700 

Heat recovery efficiency % 80 45 36 

Potential Heat Recovery mmBtu/hr 2.07 1.16 0.93 
Note: 
1Not applicable 

Digester heating requirements at each plant were calculated based on the number and type 
of digesters, local monthly average temperature profile, and digester feed quantities.  Since 
performance data for digesters at the Centralized Airport WRF is not available, the 
evaluation was based on use of similar digesters to those at the Sundog WWTP, sized to 
provide a 15 day SRT for the combined solids production. 

CHP systems typically do not have enough waste heat to provide adequate energy for 
digester heating during the coldest months of the year.  In order to identify the months when 
the available waste heat available was not adequate for digester heating needs, calculated 
monthly digester heat requirements were compared to the estimated monthly heat recovery 
for each alternative.  Supplemental natural gas must be purchased during months that the 
recovered heat from the CHP system did not meet digester heating requirements.  The 
results of the CHP waste heat vs. digester heating requirements for engine generators and 
MicroTurbines at the Sundog plant are presented on Figure 5.5.  As shown on the figure, 
the waste heat from the engine generators is expected to be adequate for digester heating 
under all monthly average conditions.  However, waste heat from MicroTurbines is 
estimated to inadequate for digester heating during January, February, and December and 
will require purchase of supplemental natural gas.  

 



 
 

 

 9-51 03/16/2011     In Association with   

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

m
m

B
tu

/h
r

Process Heat Boiler Heat Production

Engine Generator Heat Recovery Micro Turbine Heat Recovery
 

Figure 5.5   Digester Heating Requirement and Heat Recovery at Sundog WWTP 

 
The results of the CHP waste heat vs. digester heating requirements for engine generators 
and MicroTurbines at the Centralized Airport WRF are presented on Figure 5.6.  Similar to 
the results for the Sundog plant, waste heat from engine generators at the Centralized plant 
is expected to be adequate for digester heating under all monthly average conditions.  
However, waste heat from MicroTurbines is estimated to inadequate for digester heating 
during January, February, and December and will require purchase of supplemental natural 
gas. 
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Figure 5.6   Digester Heating Requirement and Heat Recovery at Centralized 
Treatment Facility 

 
5.5 Biogas Characteristics and Cleaning 

Biogas is a by-product of the anaerobic digestion process. During digestion, the 
biodegradable fraction of the sludge volatile solids is converted to methane (CH4) and 
carbon dioxide (CO2). The biogas can also contain contaminants, including H2S, 
particulates, and siloxanes.  The gas is saturated with moisture at the temperature of the 
digester (95ºF, 35ºC).  The heating value of the biogas is typically 600 Btu per cubic foot 
(Btu/cf), compared to about 1,000 Btu/cf for natural gas. 

Biogas is typically generated at 8 to 10 in. w.c. pressure, enabling it to be collected from the 
digesters and conveyed via low-pressure piping to the secondary digesters, which provide 
both liquid and gas storage. Depending on the ultimate use of the biogas, compressors may 
be required to boost the gas pressure to approximately 5 psig or more.  The pressurized 
gas may also be piped to a gas treatment facility to remove H2S and siloxanes, and through 
a gas cooler or dryer to remove moisture before being used by boilers, engines, or 
MicroTurbines.      

Gas cleaning requirements included in this evaluation are listed in Table 5.7.  While 
siloxanes removal is included in this evaluation, requirements for their removal for the co-
generation options should be further evaluated based on analysis of each plant’s biogas. 
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Table 5.7 Biogas Cleaning Requirements  
Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

Cleaning 
Process 

Case 1 
Digester  Heat 

Case 2 
Engine Generators  

Case 3 
MicroTurbines 

Moisture removal X X X 

Compression X X X 

H2S removal  X X 

Siloxanes 
removal 

 
X X 

5.6 Cost Evaluation 

Capital and operating costs for biogas utilization options are calculated for each of the 
biogas options described in Section 5.4.  The following sections summarize cost factors, 
unit costs, and life cycle costs of this evaluation.  Detailed cost information is presented in 
Appendix A. 

Capital costs are presented as the additional capital cost to add engine generators, 
MicroTurbines and gas cleaning facilities.  Since all options include digestion, no costs are 
included for boilers, heat exchangers, and other equipment required for digester heat.  It is 
assumed that the gas cleaning system for the boiler option will be installed inside a digester 
control building.  Gas cleaning system for the CHP options, which are in much bigger size 
because of the sulfur and siloxanes removal vessels, will be installed outdoors on a slab-
on-grade, with a rain cover to shield the equipment.  Engine generators will be installed 
outdoors on a slab–on-grade, with stainless steel enclosures to mitigate noise, and with a 
rain cover.  The MicroTurbines are installed on a concrete slab, exposed to weather at the 
digester facility.   Construction cost factors are listed in Table 5.8.  No spare power 
generation equipment was provided for either CHP option. 

 

Table 5.8 Construction and Design Cost Factors 
Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

Sitework  5% 

Electrical and Instrumentation 12% 

General Requirement 15% 

Contingencies 30% 

Engineering, Legal and Administration 15% 
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Annual costs are calculated as the annual operation and maintenance costs to supply 
digester heat and support the gas utilization options.  Annual costs of Case 1 (boiler option) 
are limited to those associated with biogas cleaning for process use.  For Case 2 and Case 
3 (engine generator and MicroTurbine options, respectively) annual costs include costs for 
operating the power generation equipment, as well as for operating the gas cleaning 
systems.  Maintenance costs include replacement media for gas cleaning and replacement 
parts for gas cleaning equipment.  Maintenance costs for the engine generators or 
MicroTurbines include a maintenance contract based on a cost per kilowatt hour of power 
produced.  This maintenance cost is estimated at $0.015 per kWh and $0.008 per kWh for 
the engine generators and MicroTurbines, respectively.  Unit cost factors for annual costs 
are listed in Table 5.9. 

 
Table 5.9 Construction and Design Cost Factors 

Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

Purchased natural gas  $10.9/mmBtu 

Purchased electricity $0.086/kWh 

Maintenance materials 1% of capital 

Labor 
Operation 
Maintenance 

 
$30.0/hr 
$32.5/hr 

Annual benefits assign value to the heat generated through biogas combustion, based on a 
boiler efficiency of 80 percent, and electrical power and heat produced through the co-
generation options.  The value of the process heat is based on the amount of purchased 
natural gas that would be required to produce a similar quantity of heat.  The value of the 
recovered heat is limited to the process and/or building heating requirements.  In this 
evaluation, excess heat has no value.  Electricity produced by the co-generation options is 
valued at the City’s purchase price of $0.086/kWh, using the assumption that 100 percent 
of the generated electricity can be used at the plant. 

Present worth costs are calculated for the capital costs, annual costs and annual savings 
based on 20 year life, and 5 percent interest.   

The summary of costs and benefits for biogas utilization at Sundog WWTP are presented in 
Table 5.10.  The Centralized Airport WRF costs are presented in Table 5.11. 
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Table 5.10 Costs and Benefits for Digester Gas Utilization at Sundog WWTP 
Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

 
Case 1 

Digester Heat 
Case 2 

Engine Generators 
Case 3 

MicroTurbines 

Installed Capacity 0.5 mmBtu/hr1 
12 @ 132 kW  

132 kWe 
22 @ 65 kW 

130 kWe 

Annual Energy Benefit 
  Thermal energy, mmBtu/yr 
  Electricity, kWh/yr 

 
3,0903 

0 

 
3,0904 

1,039,000 

 
2,9804 

772,000 

Capital Cost, $ 
  Energy recovery 
  Gas cleaning 
  Total 

 
06 

200,000 
200,000 

 
337,000 

   693,000 
1,030,000 

 
532,000 

   808,000 
1,340,000 

Annual Costs for Energy 
Recovery, $/year  
  Electricity  
  Labor 
  Maintenance materials 
Total 

 
 

05 

05 

         05 

05 

 
 

0 
21,000 
16,000 
37,000 

 
 

0 
19,000 

     6,000 
25,000 

Annual Costs for Gas Cleaning, 
$/year  
  Electricity  
  Labor 
  Maintenance materials 
Total 

 
 

13,000 
6,000 

   1,000 
20,000 

 
 

14,000 
23,000 
18,000 
55,000 

 
 

24,000 
23,000 
18,000 
65,000 

Annual Benefits, $/year  
Electricity 
Natural Gas Savings6  

 
0 

(33,000) 

 
 (89,000) 
(33,000) 

 
 (66,000) 
(32,000) 

Present Worth Costs, $ 
Capital Costs 
Annual Costs 
Annual Savings 
Total Annual Cost (Savings) 
PW Annual Cost (Savings) 
PW Total Cost (Savings) 
Annualized PW Cost 

 
200,000 
20,000 

(33,000)    
(13,000) 

(162,000) 
38,000 

3,000 

 
1,030,000 

92,000 
(122,000) 
(30,000) 

(374,000) 
656,000 
53,000 

 
1,340,000 

90,000 
(98,000) 

(8,000) 
(100,000) 
1,240,000 

100,000 

Annualized Unit Costs, $/kWh 
Electricity Generation7 

 
NA8 

 
0.136 

 
0.214 

1Required process heat capacity; not included in costs 
2No spare capacity provided for CHP 
3All digesters heated, additional gas flared 
4All digester heat from CHP heat recovery 
5Digester heat recovery equipment costs included in digester capital costs 
6Heat recovery benefit limited to digester heat requirements 
7Unit costs for electricity generation include capital and O&M costs for gas cleaning and CHP equipment, 
natural gas credits 
8Not applicable 
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Table 5.11 Costs and Benefits for Digester Gas Utilization at Centralized  
Treatment Facility 
 Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

 
Case 1 

Digester  Heat 
Case 2 

Engine Generators 
Case 3 

MicroTurbines 

Installed Capacity 1.1 mmBtu/hr 
22 @ 132 kW  

264 kWe 
32 @ 65 kW 

195 kWe 

Annual Energy Benefit 
  Thermal energy, mmBtu/yr 
   Electricity, kWh/yr 

 
6,9703 

0 

 
6,9704 

2,321,000 

 
6,7204 

1,724,000 

Capital Cost, $ 
  Energy recovery 
  Gas cleaning 
  Total 

 
06 

530,000 
530,000 

 
676,000 

   894,000 
1,570,000 

 
8611,000 
1,049,000 
1,860,000 

Annual Costs for Energy Recovery, 
$/year  
  Electricity  
  Labor 
  Maintenance materials 
Total 

 
 

05 

05 

         05 

05 

 
 

0 
25,000 

  35,000 
60,000 

 
 

0 
20,000 

  14,000 
34,000 

Annual Costs for Gas Cleaning, $/year 
  Electricity  
  Labor 
  Maintenance materials 
Total 

 
 

14,000 
6,000 

   2,000 
22,000 

 
 

16,000 
23,000 

  36,000 
75,000 

 
 

28,000 
23,000 

  37,000 
88,000 

Annual Benefits, $/year  
Electricity 
Natural Gas Savings6 

 
0 

(74,000) 

  
(200,000) 
(74,000) 

  
(148,000) 
(71,000) 

Present Worth Costs, $ 
Capital Costs 
Annual Costs 
Annual Savings 
Total Annual Cost (Savings) 
PW Annual Cost (Savings) 
PW Total Cost (Savings) 
Annualized PW (Savings) 

 
530,000 
22,000 

(74,000) 
(52,000) 

(648,000) 
(118,000) 

(9,000) 

 
1,570,000 

135,000 
(274,000) 
(139,000) 

(1,732,000) 
(162,000) 
(13,000) 

 
1,860,000 

125,000 
(219,000) 
(97,000) 

(1,208,000) 
652,000 
52,000 

Annualized Unit Costs, $/kWh 
Electricity Generation7 

 
NA8 

 
0.081 

 
0.116 

1Required process heat capacity; not included in costs 
2No spare capacity provided for CHP 
3All digesters heated, additional gas flared 
4All digester heat from CHP heat recovery 
5Digester heat recovery equipment costs included in digester capital costs 
6Heat recovery benefit limited to digester heat requirements 
7Unit costs for electricity generation include capital and O&M costs for gas cleaning and CHP equipment, natural 
gas credits 

8Not applicable 
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5.7 Conclusions and Recommendations 

Life cycle costs evaluation for the Sundog WWTP shows that the total present worth cost of 
the three biogas utilization alternatives are $38,000, $656,000, and $1,240,000, 
respectively, meaning that no cost savings are projected.  Based on the results of this 
evaluation, on-site power generation is not cost effective and is therefore not recommended 
for the Sundog WWTP.  Typically, on-site power generation is not cost effective for 
treatment plants with influent flows of less than 10 to 15 mgd, unless additional funding or 
power offsets are available.  However, use of biogas for digester heating eliminates the 
need for natural gas purchases and consequently, the impacts of fluctuating natural gas 
prices on plant O&M costs.  There is considerable potential savings with this approach.  In 
fact, the City reports that by switching to digester gas for sludge heating, they are currently 
saving about $63,000 per year.   

Based on the lifecycle costs of the gas utilization options at the Centralized Airport WRF, 
on-site power generation using engine generators may be cost effective.  As shown in 
Table 5.11, the present worth cost savings for the digester heating and engine generator 
biogas utilization options are $118,000 and $162,000 respectively.  The lifecycle costs for 
MicroTurbines (Case 3) are higher than for engine generators due to their higher capital 
costs and lower power generation efficiencies and no cost savings are projected.  It is noted 
that MicroTurbines also have lower emissions than engine generators and this could be 
important if air emissions are critical.  Based on the results of this evaluation, on-site power 
generation using engine generators is recommended for future consideration at Centralized 
Airport WRF when the capital cost of the facilities is not constrained by funds availability in 
the City’s CIP.  If future emission restrictions at the Centralized Airport WRF require 
advanced emission control for engine generators, Case 2 capital and O&M costs will 
increase significantly.  Costs for advanced emission control for the engine generators (Case 
2) are not included in this evaluation.  It should be noted that this evaluation was based on 
a 6 mgd combined flow; at lower flows, the plant will produce less electricity and the unit 
generation cost will be higher than listed herein.  

The estimated costs presented in this evaluation are based on a constant cost of natural 
gas and electricity, and do not include cost escalators.  Increases in power costs will make 
on-site generation options more attractive.  For instance, the unit cost for electricity 
generation at the Centralized Airport WRF is $0.081/kWh using engine generators and 
$0.116/kWh using MicroTurbines based on the City paying $0.086/kWh for purchased 
electricity.  As the electricity cost increases, the benefits of on-site power generation will 
increase.  At the point when the electricity cost exceeds $0.116/kWh, using Microturbines 
could be cost effective as well. 
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If on-site power generation is installed at the Centralized Airport WRF, the biogas cleaning 
and CHP system should be designed to allow for future expansion, as the Centralized 
Airport WRF flows increase to the ultimate capacity of 15 mgd.   It is also recommended 
that biogas should be sampled and analyzed for contaminants prior to system design to 
determine actual biogas cleaning requirements.   



Prescott Sundog WWTP and Airport WRF 
Capacity and Technology Master Plan 

Technical Memorandum No. 9 
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6.0 REGIONAL BIOSOLIDS MANAGEMENT 

As part of this project, the team discussed the possibilities/opportunities for a regional 
biosolids handling facility, which could process and provide beneficial end use of biosolids 
from a variety of surrounding communities, including the City of Prescott. In the context of a 
larger regional facility, the potential application of certain technologies becomes significantly 
more viable as capital and O&M costs can be partially offset by factors including economics 
of scale and cogeneration opportunities.  

Contributing communities could share the fiscal responsibility for construction and 
operation, thereby reducing the burden on the individual communities. In addition, the 
resulting high quality biosolids could be redistributed within the participating communities on 
community-owned parks and golf courses, or could potentially be marketed to outside 
agencies or the general public - providing a sustainable market for the beneficial end use 
product. Based on these factors, the possibility of a regional biosolids handling facility was 
evaluated, on a cursory level, as a potential long-term biosolids management strategy. 

The regional biosolids handling facility concept would require the participation of various 
entities including local land appliers, commercial composting companies, permitting 
authorities such as the Arizona Department of Environmental Quality (ADEQ) and the 
Yavapai and Coconino Counties’ Zoning and Planning Commissions. The Northern Arizona 
Council of Governments (NACOG) may also be a potential third party coordinator in this 
endeavor. Most importantly, a regional biosolids handling facility would require the 
participation of the surrounding communities. Per the request of the City, each of these 
groups was contacted to evaluate the current conditions of biosolids land application in 
Yavapai and Coconino Counties. Ultimately, the goal of this preliminary effort was to gain 
insight regarding the interest in a regional biosolids handling facility and to identify initial 
potential obstacles (including required permitting efforts) for implementation of a regional 
facility. 

6.1 Contract Land Appliers 

Privately owned land application companies can be contracted to haul biosolids to land 
application site or to landfills. The benefit of contracting with a private land applier is the 
company bears the responsibility of tracking the quantity of biosolids land applied/disposed 
and reporting to the ADEQ.  

Previously, Southwest Land Reclamation (SLR) was the company which handled the 
majority of biosolids land application in Yavapai County, maintaining contracts with eight 
different farms throughout Yavapai County as well as the Grey Wolf Landfill in the event 
that any of the farms are unavailable for land application. SLR is no longer in operation, 
however, prior to ceasing operations the owner of SLR expressed that the market for Class 
B biosolids is decreasing due to the decrease in available agricultural land. SLR’s owner 



 
 

 

 9-60 03/16/2011     In Association with   

also noted that the market may move toward land application on federal lands (i.e., US 
Forest Services areas), which would require coordination with federal organizations. In the 
past SLR had considered implementation of a regional composting facility. However, 
obtaining a continuous carbon source to promote effective operation was problematic. 

After the closing of SLR, D&K Farming Enterprises (D&K) took over several of SLR’s 
existing contracts. Like SLR, D&K accepts both dewatered Class A and B quality biosolids 
for land application. Contract terms may vary, but generally, cost to landfill is approximately 
$45 per ton, while land application is at least one third less than landfilling.  

D&K currently is open to accepting new contracts for biosolids management and has 
sufficient area for land application through contracts with the various farms in the vicinity of 
Northern Arizona.  

Because of their vast experience and knowledge of land application in Yavapai County, 
D&K could be an important contributor if the City and the surrounding communities wish to 
pursue the concept of a regional biosolids handling facility. 

6.2 Arizona Soils Composting and Eden Organics 

Arizona Soils Composting (ASC) is the only permitted and operating commercial 
composting facility in the State of Arizona. It is owned and operated by Synagro and is 
located in Vicksburg, Arizona, approximately 100 miles south and west of Prescott. ASC 
accepts approximately 200 tons per day of sludge, dewatered to 20% solids content, from 
California municipalities. They currently do not have any contracts in place with Arizona 
municipalities, but would be interested in accepting sludge from local communities. ASC 
produces Class A biosolids, which Synagro land applies at local farms, golf courses, 
nurseries, baseball fields, etc. Synagro bears the responsibility of land application of the 
end product and any permitting required through ADEQ and La Paz County.  

Costs associated with composting unstabilized sludge with ASC varies based on hauling 
distance. However, based on preliminary estimates, hauling sludge approximately 100 
miles from Prescott to the existing composting site would cost approximately $55 per wet 
ton, plus hauling surcharges. 

Due to their significant experience in the commercial composting industry, Synagro could 
be an important contributor if the City and the surrounding communities wish to pursue the 
concept of a regional biosolids handling facility - particularly if there is an interest in 
composting. 

In addition to ASC, there is a second commercial composting facility in the State of Arizona 
- Eden Organics. The facility, which is located 9 miles northeast of Flagstaff, Arizona, is not 
currently in operation because it was not granted the required zoning permits needed to 
operate by Coconino County. Based on this experience, it should be noted that the success 



 
 

 

 9-61 03/16/2011     In Association with   

of a regional biosolids handling project would rely heavily on the support and cooperation of 
Yavapai County.  

6.3 County Agencies 

As noted above, the successful implementation of a regional biosolids handling facility in 
Yavapai or Coconino Counties would require the support and cooperation of local 
governing authorities. 

6.3.1 Yavapai County Planning and Zoning Commission 

The Yavapai County Planning and Zoning Department was contacted to gain 
understanding regarding the requirements for implementing the proposed facility. 
Preliminary conversations with Yavapai County revealed that a facility of this type would 
require a use permit. In order to acquire a use permit, the proposal for the facility must go 
through two public hearings, overseen by the Yavapai County Planning and Zoning 
Commission and the Board of Supervisors. Following acceptance by these two entities, the 
proposal must then be reviewed by the Yavapai County Environmental Health Services 
Department as well as ADEQ.  

The Planning and Zoning Commission would review a detailed report prepared for the 
hearing, including information about the project, the purpose of the facility, and citizen 
participation efforts. In conversations with the County, it appeared that the most important 
factor in gaining approval of the Commission and Board is the level of effort in citizen 
participation. Citizen participation involves public outreach and education efforts to inform 
the community of the proposal, and gauge the initial reaction of the surrounding community. 
The objective is to address the concerns of the public regarding the proposed location, its 
potential affect on the aquifer below, etc. If overwhelming opposition by the public exists, 
the Commission will consider this factor heavily in its decision. Therefore, it is critical to 
obtain public acceptance to assist in obtaining the approval of the Commission and Board 
of Supervisors.  

6.3.2 Coconino County Planning and Zoning Commission 

The Coconino County Planning and Zoning Commission was also contacted to gain insight 
into the requirements for implementing a regional biosolids handling facility in the area. 
Preliminary conversations with the Coconino County Planning and Zoning Commission 
indicated that the requirements may vary depending on the potential location of the facility. 
Depending on the surrounding land use and the transportation around the area, different 
entities may be involved. The Board of Supervisors may have to initiate re-zoning criteria 
and the County Health Department will need to be involved as well.  

Regardless of the location of the facility, public hearings and citizen participation will play a 
significant role. A pre-application meeting will identify specific entities and individuals who 
will need to be notified as to the future facility.  
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More detailed information regarding the approval process from the County cannot be 
identified until more information regarding the proposed facility is available. Therefore, it is 
recommended that the County not be involved until coordination with the communities to 
move forward with siting a location for the facility has been completed.  

6.4 Local Communities 

Communities in northern Arizona were contacted to gain insight regarding their current 
biosolids treatment and disposal strategies. In addition, each community’s interest in a 
regional facility was gauged, and a local market for EQ and Class A biosolids was 
established. The information gathered from this scoping effort is summarized herein.  
Figure 6.1 presents the locations of the various communities contacted. 

 

Figure 6.1  Cities Contact for Biosolids Treatment and Disposal Strategies 
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6.4.1 City of Flagstaff 

The City of Flagstaff is located in Coconino County, northeast of Yavapai County. The City 
of Flagstaff has two treatment facilities, the Wildcat Hill Wastewater Treatment Plant (6 mgd 
capacity), and the Rio de Flag Wastewater Reclamation Plant (4 mgd capacity).  

The Rio de Flag WRP produces primary sludge and waste activated sludge from its 
treatment processes (primary sedimentation and activated sludge process). The solids 
produced at the Rio de Flag WRP are sent via the collection system to the Wildcat Hill 
WWTP for further processing and treatment. 

The Wildcat Hill WWTP also produces primary sludge and waste activated sludge from 
primary sedimentation and an integrated fixed film activated sludge process, in addition to 
the solids received from the Rio de Flag WRP. The Wildcat Hill WWTP employs anaerobic 
digestion and stabilization ponds to produce a Class B quality biosolids slurry. The 
stabilized biosolids slurry is subsurface injected on a 40-acre site, which is part of the plant 
property. Plant staff estimates that 1,000 tons of sludge are injected annually.  

City staff and residents have a general interest on green technologies and sustainable 
practices. There have been some discussions regarding landfill disposal for composting 
with green waste. City staff expressed a general interest in the possibility of in a regional 
biosolids approach that would offer beneficial use of biosolids. 

6.4.2 City of Sedona 

The City of Sedona is located at the border of Yavapai and Coconino Counties. The 
Sedona Wastewater Reclamation Plant (WWRP) currently treats approximately 1.2 mgd of 
wastewater. The ultimate build-out capacity of the Sedona WWRP is 2.0 mgd. However, the 
timeframe for build-out is unknown, and the flow anticipated in the foreseeable future will be 
approximately 1.5 to 1.6 mgd.  

The Sedona WWRP currently utilizes conventional secondary treatment. Wasted sludge is 
digested for approximately 10 days and then dewatered in either air drying beds or 
centrifuges to 20 percent solids content. Because the solids are not treated to Class A or B 
quality, they are sent to a landfill for disposal. Approximately 1,500 tons of solids per year 
are currently sent to the landfill for disposal. It is anticipated that at the ultimate build-out of 
2.0 mgd plant capacity approximately 2,500 tons of dewatered solids per year will be 
generated for disposal (based on a linear extrapolation of current and future influent flow).  

The City of Sedona has expressed interest in the concept of a regional biosolids handling 
facility and the Class A biosolids could be utilized on parks within the City and 
distributed/sold to citizens.    
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6.4.3 Town of Prescott Valley 

The Town of Prescott Valley is located northeast of the City of Prescott. The Prescott Valley 
wastewater treatment plant currently treats approximately 2.4 to 2.5 mgd of wastewater, 
although its rated treatment capacity is 3.75 mgd. The ultimate buildout capacity is 
anticipated to be approximately 7.5 mgd, but the timeframe for this expansion is unknown 
as they are still approximately 10 to 15 years away from reaching the current rated 
capacity.  

The Prescott Valley wastewater treatment plant utilizes conventional secondary treatment. 
The secondary clarifier wastes to a holding basin prior to dewatering to 15 percent solids 
with a belt filter press. Previously, the biosolids met Class B quality standards via testing, 
and Prescott Valley maintained a contract with SLR for approximately 5 years to land apply 
biosolids. However, the contract expired in 2008, and the Town chose not to renew.  

Prescott Valley then disposed of biosolids at the Grey Wolf Landfill, however, tipping fees 
became cost prohibitive and the solids were then sent to a landfill near Phoenix. Prescott 
Valley disposes of approximately 4,500 to 5,000 tons per year of dewatered biosolids at 
tipping and hauling fees of $38 per ton. At the plant’s ultimate build-out of 7.5 mgd, 
approximately 15,000 tons per year of dewatered biosolids could potentially be generated 
(based on a linear extrapolation of current and future influent flow). 

Prescott Valley expressed an interest in participating in a discussion regarding a regional 
biosolids handling facility, but noted that they were unlikely to take the initiative to begin the 
collaboration. They also noted that the private sector may be best positioned for 
coordinating an endeavor of this magnitude. 

6.4.4 Town of Camp Verde 

The Town of Camp Verde is located approximately 40 miles east of the City of Prescott. 
The Camp Verde Sanitary District recently constructed a wastewater treatment plant that 
was brought online in the fall of 2009. The WWTP is rated for 6.5 mgd, but is currently 
treating approximately 2.0 mgd of wastewater. It is anticipated that the plant will not reach 
capacity for 10 to 15 years.  

The Camp Verde Sanitary District WWTP is equipped with conventional secondary  
treatment. Wasted sludge from the secondary clarifier is mechanically dewatered with a belt 
filter press and the dewatered sludge is sent to disposal at the Grey Wolf Landfill. It is 
estimated that the Camp Verde Sanitary District spends approximately $8,400 per month in 
disposal fees for the biosolids produced at the WWTP.  

The Camp Verde Sanitary District has expressed interest in the concept of a regional 
biosolids handling facility in the future.  
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6.4.5 Town of Chino Valley 

The Town of Chino Valley is located just north of the City of Prescott. Unlike other 
communities in the area, the Chino Valley Water Resources Department does not have a 
conventional activated sludge wastewater treatment plant. Chino Valley constructed a 
Membrane Bio-Reactor (MBR) plant in 2004. The current plant capacity is approximately 
350,000 gallons per day (gpd) and is expected to expand to 1,000,000 gpd in the future.  

The wastewater treatment facilities do not include sludge stabilization processes. Waste 
activated sludge from the MBR process is dewatered in a belt filter press for landfill 
disposal. 

6.4.6 Town of Clarkdale 

The Town of Clarkdale is located northeast of the City of Prescott. The Town’s existing 
wastewater treatment is achieved in a secondary treatment lagoon system, which currently 
treats approximately 120,000 to 140,000 gallons per day. The current treatment facilities 
have a capacity of 250,000 gallons per day, and the Town has plans to expand their 
treatment capacity to 600,000 gallons per day in the future. 

Biosolids from the lagoon system are periodically removed from the system, but unlike 
conventional activated sludge systems, biosolids are not removed from the system on a 
daily basis. In the future, the Town expressed interest in exploring land application and 
composting as potential biosolids disposal alternatives. 

6.4.7 City of Prescott 

The City of Prescott has two wastewater treatment facilities, the Airport WRF and the 
Sundog WWTP. The Airport WRF currently employs an activated sludge treatment process, 
generating waste activated sludge. The Sundog WWTP has primary and secondary 
treatment facilities and produces both primary sludge and waste activated sludge. 

Currently, the Airport WRF does not have sludge stabilization facilities, and the dewatered 
waste activated sludge is sent to landfill disposal. The Sundog WWTP employs anaerobic 
digestion and currently produces Class B biosolids, which are normally disposed of via land 
application. The City currently has a contract with D&K for the transport and disposal of the 
biosolids from the two treatment facilities. 

The City has expressed interest in the concept of a regional biosolids handling facility, and 
is interested in exploring the possible synergies that can result from a regional biosolids 
handling approach. The City recognizes that such an approach may become more feasible 
in the long term, when all the potential participants generate sufficient biosolids to make a 
regional facility cost-effective for all the parties involves. 
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6.5 Summary 

As discussed, the successful implementation of a regional biosolids handling facility would 
depend heavily on the collaboration of various organizations, governing authorities, and 
local communities. Each group would play a significant role in the coordination of the 
project. Because D&K has taken over as the primary biosolids land applier in the region, 
they could provide valuable insight into the local practice of land application, the local need 
for biosolids, and the required permitting efforts. Should a regional facility include 
composting as the biosolids stabilization technology, Synagro could provide valuable 
information regarding facility operation and permitting efforts, as they currently own the only 
operating commercial composting facility in the State of Arizona. Per the Yavapai and 
Coconino Counties’ Planning and Zoning Commissions, citizen participation will also play a 
crucial role in gaining approval for a regional biosolids handling facility. Extensive public 
outreach and education must occur to garner the support of local residents and address 
any concerns regarding the location of the proposed facility and its long-term affect on the 
environment. In addition, the participation of local municipalities will be a critical success 
factor for a regional biosolids handling facility. Currently four of the local communities 
outside of Prescott have expressed interest in a regional biosolids handling facility project. 
Without the commitment of a majority of the communities to treat their undigested sludge at 
the regional facility, implementation of the facility may not be economically justifiable. Table 
6.1 provides a summary of the various communities contacted during this evaluation, their 
current and anticipated solids production as well as the general interest in a regional facility. 
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Table 6.1  Summary of Potential Regional Facility Community Participants  
Technical Memorandum No. 9 – Biosolids Alternatives Evaluation 
City of Prescott, Arizona 

Community Current Biosolids 
Management 

Practice 

Current 
Biosolids 

Production 
(wet tons/ 

year) 

Estimated 
Future 

Biosolids 
Production (wet 

tons/year) 

Potential 
Interest in 
Regional 
Facility? 

City of Flagstaff Subsurface 
injection Class B 
biosolids 

1,000 (1) N.A. Yes 

City of Sedona Landfill dewatered 
sludge 

1,500 2,500 Yes 

Town of 
Prescott Valley 

Landfill Class B 
biosolids 

4,500 - 5,000 15,000 Yes 

Town of Camp 
Verde 

Landfill dewatered 
sludge 

N.A. N.A. Yes 

Town of Chino 
Valley 

Landfill dewatered 
sludge 

274 1,100 N.A. 

Town of 
Clarkdale 

Landfill disposal of 
lagoon sludge 

N.A. N.A. N.A. 

City of Prescott Land application 
Class B biosolids, 
and landfill 
dewatered sludge 

4,490 21,800 Yes 

Notes: 
(1)  To be confirmed 

  N.A. = Not available at the time the report was issued.

The implementation of a regional biosolids handling facility in Yavapai or Coconino 
Counties will require significant collaboration of various groups and organizations. The 
coordination effort for a project with so many participants will likely take years to implement. 
While a regional biosolids handling facility will likely not come to fruition in the near-term, it 
could provide a viable long-term biosolids management alternative. However, making the 
facility a reality will require a dedicated and vested “champion” to coordinate the many 
stakeholders and further define the opportunities and potential roadblocks for 
implementation. 
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7.0 CONCLUSIONS 

7.1 Biosolids Disposal and Reuse 

The City currently practices land application on agricultural land with Class B biosolids from 
the Sundog WWTP.  Unclassified biosolids from the Airport WRF are currently disposed of 
at a landfill.  Maintaining these disposal and reuse practices represents the most cost-
effective near-term strategy for the City.  In the long-term, landfill disposal costs may 
increase and it will likely be cost effective to implement Class B biosolids stabilization 
facilities at the Airport WRF.  If hauling costs increase dramatically, alternatives that 
significantly reduce the volume for disposal/reuse, such as thermal drying or biosolids-to-
energy may become viable. 

7.2 Biosolids Stabilization 

For the near-term and long-term, continued anaerobic digestion is recommended for the 
Sundog WWTP.  At the Airport WRF, continued dewatering and hauling of non-stabilized 
solids is recommended in the near-term.  As the Airport WRF grows in size (5-10 mgd) and 
the costs for landfilling of unclassified biosolids increases, it is recommended that the City 
implement anaerobic digestion for Class B biosolids stabilization.  If centralized treatment at 
the Airport WRF is implemented, anaerobic digestion is recommended for the near-term 
and long-term to achieve Class B biosolids. Should a regional biosolids facility becomes a 
reality, alternatives to achieve Class A biosolids such as composting, thermal drying, and 
biosolids-to-energy should be evaluated. 

7.3 Biogas Utilization 

Continued use of biogas for digester heating at the Sundog WWTP is recommended.  The 
City reports that they are saving approximately $63,000 per year in operating costs by 
eliminating natural gas heating of the digesters.  Currently, on-site power generation is not 
cost-effective at the Sundog WWTP, unless grants or subsidies are available.  If centralized 
treatment at the Airport WRF is implemented, on-site power generation will likely be cost 
effective when the treatment plant wastewater flow reaches approximately 5 mgd.  Finally, if 
electrical power costs increase significantly, on-site power generation should be further 
evaluated for the Sundog WWTP or the Airport WRF (when anaerobic digestion is 
implemented at that facility). 

7.4 Regional Biosolids Management 

There does not appear to be an immediate opportunity for regional biosolids management 
given the need for significant collaboration between multiple organizations.  The City should 
maintain contact with potential partners in the region, to determine if a regional biosolids 
facility would be practical and economical in the long-term.  There may also be potential 
public-private partnership opportunities in the future with a regional solution to biosolids 
management. 
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