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Edmond Water and Wastewater System Master Plan 

EXECUTIVE SUMMARY 

ES.1 INTRODUCTION 

The City of Edmond, Oklahoma (City) (2010 U.S. census population: 81,405) owns and 
operates water supply, treatment, and distribution facilities; and wastewater collection and 
treatment facilities. The City supplies approximately 84-93 percent of the population within 
its service area (See Figure ES.1) with clean, reliable, drinking water and provides a similar 
percentage with wastewater collection and treatment services.  

The growth in population over the past few decades has placed a significant amount of 
stress on the water system capacity during recent drought years (2006, 2011) and the 
collection and wastewater treatment systems during the wetter years (2008, 2012). To plan 
for immediate and long-term needs for the water and wastewater systems, the City hired 
Carollo Engineers, Inc. (Carollo) and their subconsultant Smith Roberts Baldischwiler, Inc. 
(SRB) to develop a comprehensive Water and Wastewater System Master Plan (WWSMP). 

ES.2 PURPOSE 

The WWSMP is intended to be a guide for defining the needs and developing required 
improvements to the residuals management, water supply, transmission, treatment, 
pumping and distribution facilities to satisfy these needs within a framework of conservation 
and sustainable use of these water resources.  

The WWSMP is also intended to be a guide for defining the needs and developing required 
improvements to the City of Edmond sanitary sewer collection and storage, pumping, 
transmission, wastewater treatment, and residuals management facilities. Considerable 
effort was allocated to working with City of Edmond and Edmond Utilities staff to reflect 
previously identified needs and concerns as the City plans for service to its customers over 
the 30-year (2012-2042) planning period. 

ES.3 WATER DEMANDS AND CONSERVATION 

In May 2009, the City completed its 50-Year Water Supply Plan (CDM, 2009) within which, 
updated population projections were utilized to develop a water production forecast model. 
This model accounted for the effects of precipitation, temperature, per-capita consumption 
trends, population growth, and water service area expansion (as a percentage of Edmond’s 
population) on future water demands.  
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As part of the WWSMP, Carollo confirmed the validity of these projections utilizing means 
that are more traditional and verified the accuracy of utilizing for planning purposes. 
Figure ES.2 presents a summary of these baseline water demands with respect to the 
planning years. In addition, utilizing land use projections from the City’s planning and 
zoning department and typical population densities (population/acre) for each type of land 
use (industrial, commercial, high-density housing, low-density housing, etc.) an estimate of 
build out demands validates the demand projections for year 2060 established by the 
50-year Water Supply Plan. A summary of the baseline water demands is provided in 
Table ES.1. 
 

Table ES.1 Baseline Water Demand Projections 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Year 
Average Day 

Demand (mgd)1 

Maximum Day: 
Average Day 

Peaking Factor 
Maximum Day 
Demand (mgd) 

Per Capita 
Demands (gpcd)2 

2012 12.6 2.2 27.8 176.6 

2017 14.2 2.2 31.2 181.5 

2022 15.7 2.2 34.6 185.8 

2027 17.3 2.2 38.2 189.8 

2032 19.0 2.2 41.8 193.5 

2042 22.4 2.2 49.3 200.9 

Build out 29.1 2.2 64.0 NC2 

Notes: 
(1) Values interpolated from 50 Year WSP (CDM, 2009) decadal projections. 
(2) Calculated and interpolated from 50 Year WSP decadal AAD and population projections shown 

in Table 2.1. 
(3) Not calculated. 

The baseline water demand projections presented in Table ES.1 reflect the results of the 
City’s current conservation plan on per capita demands. As part of the WWSMP, Carollo 
evaluated the impacts of additional active and passive conservation measures on the 
baseline water demands. Conservation measures can be categorized as either passive or 
active measures. Passive conservation is defined as those efforts that will occur without 
action by the City, and are driven by regulatory and code requirements whereas active 
conservation requires additional investment by the City for savings to occur.
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Table ES.2 presents the impact of passive conservation measures on the baseline water 
demands. 
 

Table ES.2 Net Demand with Passive Conservation Savings 
Water and Wastewater System Master Plan 
City of Edmond 

Year 

Passive Conservation 
Savings (annual 
average mgd)(1) 

Net Average Day 
Demand  
(mgd)(2) 

Net Maximum Day 
Demand  
(mgd)(3) 

2012 0.16 12.5 27.6 

2017 0.56 13.6 30.6 

2022 0.92 14.8 33.7 

2032 1.40 17.6 40.4 

2042 1.45 21.0 47.9 

Build out 1.51 27.6 62.5 

Notes: 
(1) Savings shown are in addition to existing active and passive (pre-2010) conservation savings. 
(2) Net Average Day Demand = AAD (Table 2.2) minus passive conservation. 
(3) PF = 2.2 (see section 2.2.2.3) 

As part of the WWSMP, Carollo evaluated historical data to determine how water was used 
within the City to develop a qualitative assessment of which specific active conservation 
measures would provide the greatest potential returns on investment. The conclusions were 
as follows: 

 Programs that promote general reductions in outdoor use of water can help overall 
annual water use but may not impact planning numbers (peak day demands) utilized 
to size water treatment and distribution system components. 

 The historical water analyses confirm that the top 5 percent of customers use 
upwards of 25 percent of the total annual water demand, with seasonal peak 
demands following the annual trends. 

 Active conservation programs should focus on water use analysis to 1) offer 
indoor/outdoor water audits for top users and 2) flag sudden increases in water use 
for notifications to users to check for leaks may be more effective. 

 Active conservation programs should focus on end user rebates. In particular, 
consider offering rebates to end-users particularly for the installation of pressure 
regulating valves (PRV) in high-pressure areas. 
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 Active conservation programs should continue strong educational component. 
Displaying percentage of demand related to outdoor water use on a customer’s bill 
may be particularly effective. 

 Active conservation programs should examine the use of ordinances and policies 
such as a steeper inclining block rates to reduce peak day demands. 

There are uncertainties in which specific new active conservation programs will be 
implemented and embraced by the community. Therefore, passive conservation savings 
were assumed to occur in all WWSMP analyses, but it was conservatively assumed in the 
water demand projections that no additional active conservation savings will be 
implemented. However, the Capital Improvement Projects (CIP) presented later in this 
WWSMP includes flow-based and other triggers that allow for flexibility in the timing of 
needs, as that timing could be affected by conservation successes, rates of growth in the 
community, climate, and other factors. 

ES.4 WASTEWATER FLOW PROJECTIONS AND REUSE 

Table ES.3 presents a summary of the projected baseline wastewater flows for the planning 
period. The decadal projections were based upon applying a 101 gallons per capita per day 
historical factor to the projected population for that year while annual average day (AAD) 
build out demands were calculated using Edmond land use projections and historical and 
industry accepted standards for gallons/acre for each land use type.  
 

Table ES.3 Baseline Wastewater Flow Projections 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Year AAD Flow (mgd)(1) MMAD:AAD Ratio MMAD Flow (mgd) 

2012 7.15 1.33 9.50 

2017 7.98 1.33 10.62 

2022 8.79 1.33 11.69 

2027 9.84 1.33 13.09 

2032 10.78 1.33 14.33 

2042 11.10 1.33 14.77 

Buildout(2) 12.0 1.33 16.0 

Notes: 
(1) AAD flow values based on an average per capita flow rate of 101 gpcd. 
(2) See Section 2.4.3.2 for methods used to estimate buildout flow. 



December 2013 - FINAL ES-7 
pw://Carollo/Documents/Client/OK/Edmond/8967A00/Deliverables/Master Plan Report/Ch_ES 

The Oklahoma Department of Environmental Quality (ODEQ) is under legislative directive 
to develop regulations for augmentation of potable surface water supply sources with 
reclaimed water. Augmenting potable supply sources with reclaimed water is often referred 
to as indirect potable reuse (IPR), where the “indirect” designation refers to the 
augmentation of a surface water or groundwater source that is subsequently diverted and 
further treated for potable supply. IPR is increasingly being used in water-stressed areas of 
the country. Figure ES.3 presents a schematic of the IPR alternative considered in the 
WWSMP to continue to maximize the use of local supplies under any water supply 
scenario. The water supply scenarios considered in this WWSMP offer a path forward that 
would take full advantage of IPR via augmentation of Lake Arcadia, if approved by the state 
in the future. If IPR is not approved by ODEQ by the time the City needs additional 
supplies, this WWSMP offers an alternative path for reliable water supply. 

ES.5 SUMMARY OF RECOMMENDATIONS 

ES.5.1 Water Supply and Treatment 

ES.5.1.1  Recommendations Regarding Future Water Supply: 

A water supply scenario analysis was conducted based upon the following assumptions: 

1. City will continue to maintain/redrill existing 56 wells to maintain a reliable peak day 
delivery capacity of 8 mgd. 

2. The City’s pending application #2011-66 for additional Arcadia Lake water rights will 
be approved, up to a maximum annual average diversion rate of 17.8 mgd. 

3. Annual average and peak daily demands, after passive conservation, will occur in 
each planning year in accordance with Table ES.2. 

Five different water supply scenarios consisting of various combinations of the following 
water supply elements were evaluated over a 30 year period: 

 Up to 15 groundwater wells providing additional 3.24 mgd of new supply (See 
Appendix A). 

 Expanded use of Arcadia Lake supplies (i.e., greater annual and daily rates of 
diversion from the lake, contingent on approval by OWRB of pending application 
#2011-66 for an increase in water rights). Additional future yield and diversions may 
be possible with augmentation of the lake with treated effluent and IPR. 

 Increased purchases of treated water from Oklahoma City. 

Figure ES.4 presents a summary of the water supply scenario sources. Figure ES.5 
presents the results of a 20-year present worth analysis of the water supply scenario 
indicating that Scenario No. 3 is the most cost effective. As a result, the following water 
supply development was recommended: 
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 Drill 15 additional wells along the existing transmission pipelines. Expand the capacity 
of the water treatment plant to approximately 40 mgd to maximize the use of the 
Arcadia Lake supply.  

 Continue to use Oklahoma City Supply until water supply projects are developed and 
funded; although, the sooner these projects are developed, the more savings will be 
realized over the long term.  

 Continue to explore the development of IPR to meet demands beyond 2042. 

ES.5.1.2 Groundwater Supply Improvements 

Figure ES.6 illustrates the concept for the development of the recommended 15 new wells 
for the water supply system. Connecting the wells to the existing transmission mains has 
the following advantages: 

 Minimizes costs of connecting wells to the distribution system. 

 Aids in regulatory compliance through reduction in water age and the Total 
Trihalomethane Formation Potential (TTHMFP). 

Table ES.4 presents the summary of the short and long term projects to develop the wells 
within the distribution system.  
 

Table ES.4 Short- and Long-Term Well Projects 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Distribution 
CIP Project 

ID 

Number of Wells to 
be Drilled or 

Redrilled (Well ID 
Nos.) 

Combined 
Capacity 

(gpm) 

Range of Years 
Originally 
Placed in 
Service(3) 

Planned Year 
Design/ 

Construction 
Complete 

WEL-1(1) 7 (New) 1,050 – 2015/2017 

WEL-2(2) 6 (No. 8-11, 14-15) 1,123 1952-1969 2015/2017 

WEL-3(1) 8 (New) 1,200 – 2021/2023 

WEL-4(2) 7 (No. 19-25) 1,293 1971-1975 2023/2025 

WEL-5(2) 16 (No. 18, 26-40) 3,463 1977-1980 2028/2030 

WEL-6(2) 13 (No. 41-43, 45-54) 2,089 1981-1986 2030/2035 

WEL-7(2) 10 (No. 55-64) 1,881 1992-2005 2040/2045 

Notes: 
(1) CIP package is for new well construction. 
(2) CIP package is for redrilling existing wells. Redrilled well yield assumed equal to the existing well 

yield. 
(3) Age and yield data of existing wells per 50 Year WSP (CDM, 2009). Not applicable for new 

wells. 
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ES.5.1.3 Arcadia Lake Supply Improvements 

The capacity of the existing intake and low lift pump station at Arcadia Lake is limited to 
12 mgd due to the firm capacity of the low lift pumping. Modifications to the existing intake 
will can only increase the supply capacity to 17 mgd; therefore, expansion of the intake will 
be necessary to provide additional supplies. 

Table ES.5 presents the proposed capacity schedule for the Arcadia Lake Intake and WTP 
expansion. The decision was made to evaluate the expansion of the intake to a capacity of 
54 mgd, which will include the build out demands of 51.2 mgd, plus additional capacity to 
account for additional contingency in water supply capabilities.  
 

Table ES.5 Proposed Arcadia Lake Intake and WTP Capacity Schedule(1) 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Year 

Total Demand 
Arcadia Diversion w/o 

IPR 
Arcadia Diversion w/ 

IPR 

AA PD AA PD AA PD 

2017(2) 14.2 27.3 12.9 21.1 12.9 21.1 

2022 15.7 30.6 14.0 24.2 14.0 24.2 

2027 17.3 33.7 15.1 25.7 15.1 25.7 

2032 19.0 40.4 16.2 29.1 16.2 29.1 

2042(3) 22.4 47.8 17.8 36.6 17.8 36.6 

Ult.(3)(4) 29.4 62.5 17.8 36.6 24.4 51.2 

Notes: 
(1) See Chapter 2 for a summary of the projected demands and timing of these demands. Peak day 

demands are based upon demand projections with passive conservation scenario. 
(2) The capacity schedule is based upon the Water Supply Scenario No. 3 “Maximize Arcadia 

Supplies” selected by City staff. 
(3) Rehabilitation of primary rapid mix and flocculating clarifier should only be conducted if split 

treatment (see below) is employed.  
(4) It is anticipated that by 2042, the total annual average demands will approach the total available 

yield of Arcadia lake (17.8 mgd) 
(5) Under the IPR scenario, the annual average and peak day demands would be supplied by a lake 

supplemented by reclaimed water from the wastewater facility at a rate of 6.6 mgd (annual 
average). Additional peak day demands of 14.6 mgd would be stored within the lake. 
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Several intake expansion alternatives were evaluated and the following was recommended: 

 Pursue with the US Army Corps of Engineers, the possibility of expanding the existing 
intake through the addition of a new 30-inch supply pipe within the existing lake 
conduit. 

 If this option is infeasible due to US ACE limitations, construct a new submerged 
T-screen intake and 36-inch siphon at Arcadia Lake. CIP budgets should include this 
alternative as this will cost more than expansion of the existing intake.  

ES.5.1.4 Arcadia Lake WTP Expansion 

Hydraulic, Regulatory, and Process evaluations of the existing Arcadia Lake WTP indicated 
that the plant capacity is limited to 10.5 mgd due to the existing softening basin limitations. 
Figure ES.7 presents the capacity expansion schedule for the Arcadia Lake WTP involving 
the expansion of the plant in 10 mgd treatment trains.  

A comparison of treatment alternatives indicated that the current treatment process 
involving preozonation, pretreatment, enhanced softening, post ozone/recarbonation, and 
dual media filtration is the most cost effective over the 30 -year planning period. 
Figure ES.8 presents a schematic of the recommended treatment alternative.  

ES.5.1.5 Regulatory Considerations: 

The Arcadia Lake WTP produces water that is more likely to cause compliance difficulties 
with regulatory requirements for TTHM concentrations within the distribution system. As a 
result, Figure ES.9 provides a decision flowchart to select the measures to limit the TTHM 
concentrations within the distribution system. Currently the following measures are included 
in the CIP: 

 Installation of 15 additional wells at existing transmission mains. 

 Complete recommended distribution system improvements to minimize water age 
within the system. 

ES.5.2 Water Distribution System 

An “all pipes” model of the City’s water distribution system was developed using the 
InfoWater 3.0 (Innovyze) hydraulic analysis software. Current maximum day and peak hour 
demands were allocated to the system utilizing geocoded billing records and the model 
calibrated using pressure logging data collected during the summer of 2012. Future 
demands were allocated based upon spatial population estimates from the most recent 
version of the Edmond Plan IV. 

The extended period simulation (EPS) feature of the model was used to develop solutions 
to reduce system water age and increase system water quality. Figure ES.10 provides a 
map of the existing water distribution system indicating location of existing 56 wells, storage 
tanks, booster pump station facilities, and water treatment plant.  
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ES.5.2.1 Water Storage Improvements 

The City’s storage criterion is to provide storage equal to 75 percent of maximum day 
demands plus fire reserve. Table ES.6 compares existing storage capacities with the need 
for storage in the service area. 

The table indicates that additional system storage is necessary to satisfy these demand 
criteria. Five locations have been identified for construction of new storage facilities. These 
locations are identified below: 

 I-35 Complex – 3 MG ground storage 

 33rd Street – 2 MG elevated storage 

 Broadway and Danforth – 2 MG elevated storage 

 Northwest Complex – 2 MG elevated storage 

 Northeast Complex – 2 MG elevated storage and 3 MG ground storage 

ES.5.2.2 Distribution System Hydraulic Capacity Improvements 

The hydraulic analysis of the water distribution system has identified problems within the 
distribution system. These problems include low pressures in high elevation areas, lack of 
available flow in dead-end water mains, and inadequate fire flows. The analysis revealed 
localized pressure problems under maximum day conditions in five focus areas identified 
below: 

 Southwest section of the city; 

 West of I-35 between 2nd Street and Danforth; 

 Northeast Complex. 

 I-35 Complex 

 Northwest Complex 

In addition, areas in the city center and the southwest corner of the service area do not 
have sufficient fire flow to satisfy industry standard flow criteria. Recommended 
improvements are displayed on Figure ES.11. These improvements center around the 
expansion of the pipelines within the “inner ring” of the distribution system around the city 
center and increasing the size/quantity of pipes feeding this inner ring from the Northwest 
and I-35 complex.  
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Table ES.6 Comparison of Pump Station Capacity and Demand – Existing Conditions 
Edmond Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Year 

Demand (mgd) Storage Requirements (MG) 

Average Day Maximum Day 

Equalization 
(25 percent of 

Max Day) 

Emergency 
(25 percent of 

Max Day) 

Fire Flow 
(1,200 gpm for 

4 hrs) 
Total Storage 
Needed (MG) Surplus/Deficit 

2012 12.5 27.5 6.88 13.75 0.29 20.92 -2.72 

2017 13.7 30.1 7.53 15.06 0.29 22.88 -4.68 

2022 14.6 32.2 8.05 16.09 0.29 24.43 -6.23 

2027 15.7 34.5 8.61 17.23 0.29 26.13 -7.93 

2032 16.8 36.9 9.23 18.46 0.29 27.98 -9.78 

2042 19.5 43.0 10.74 21.48 0.29 32.51 -14.31 

Buildout 24.4 53.6 13.40 26.81 0.29 40.50 -22.30 
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ES.5.2.3 Distribution System Water Quality Improvements 

The EPS analysis of the model simulates the water age and water quality associated within 
a distribution system under certain conditions. The results of this analysis is presented in 
Figure ES.12. Based upon these results the following is recommended to reduce system 
water age and limit formation of TTHM’s within the distribution system: 

 Perform the hydraulic improvements recommended in Figure ES.11 

 Provide additional wells along the existing transmission mains (particularly from the 
WTP to the I-35 complex). 

 Conduct additional analysis and studies as recommended in the decision flowchart 
(see Figure ES.9). 

ES.5.3 Collection Systems 

The existing simplified Infoworks CS model of the Edmond wastewater collection system 
developed as part of the Sanitary Sewer System Hydraulic Model Technical Memorandum 
(2009; Black and Veatch) was utilized to identify existing and potential future hydraulic 
deficiencies and the CIP projects need to relieve these hydraulic deficiencies.  

Figure ES.13 presents a schematic of the existing sanitary sewer collection system. The 
collection system service area consists of 15 sewer basins with a network of gravity 
collection pipes, pumps, and force mains that collect wastewater and transport it to the 
Coffee Creek Wastewater Treatment Plant. A portion of the Edmond system flows are 
currently collected by the City of Oklahoma City Chisholm Creek sewer and distributed to 
the City of Edmond Chisholm Creek lift station. 

ES.5.3.1 Collection System Hydraulic Improvements 

The existing collection system was modeled using a 10-year, 24-hour storm event that is 
more conservative than industry accepted 5-year, 24-hour storm in order to minimize the 
possibility of sanitary sewer overflows from hydraulic bottlenecks. In addition, land use data 
and industry accepted sanitary sewer flows/acre for each type of land use were utilized to 
spatially allocate future wastewater loads into the model to determine the impact of growth 
on the collection system. Figure ES.14 presents the recommended improvements to the 
sanitary sewer collection system. Major improvements recommended are as follows: 

 Expand Chisholm Creek Lift Station by increasing the total station horsepower 
through the replacement of the two small pumps with larger pumps on Variable 
frequency drives. 

 Provide up to 4 Million Gallons of wastewater storage at the Chisholm creek lift 
station if contractual requirements dictate Edmond can no longer utilize Oklahoma 
City’s storage facilities for wet weather flow. 

 Complete replacement of the Spring Creek Lift Station 

 Install a new lift station (L-2) to replace two existing lift stations in Subbasin E-6. 

 Replace or parallel the existing collection system trunk sewers to the Coffee Creek 
Lift Station. 

 Replace or parallel the existing collection system trunk sewers to the Spring Creek 
Lift Station.  
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FIGURE ES.13 – SCHEMATIC OF THE WASTEWATER COLLECTION 
SYSTEMSYSTEM 

WATER & WASTEWATER SYSTEM MASTER PLAN
CITY OF EDMOND, OKLAHOMA
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ES.5.3.2 Infiltration/Inflow Reduction Recommendations 

Managing wastewater collection and treatment systems includes planning for non-sanitary 
flows that enter the wastewater system in wet weather. In areas where precipitation is high, 
wastewater infrastructure is often sized to handle up to ten times the quantity of base 
sanitary flows due to rainfall and groundwater intrusion (called Infiltration/Inflow-I/I). Proper 
management of a wastewater system aims to reduce the impact of these high wet-weather 
related peak flows subsequently eliminating the need for larger infrastructure to adequately 
convey and treat this flow element. 

Although the recommended hydraulic improvements to the collection system will reduce the 
possibilities of sanitary sewer overflows during the 5-year, 24-hour storm event, reduction in 
Infiltration/Inflow (I/I) during wet weather events will be necessary to reduce sanitary sewer 
overflows in larger storms. Table ES.7 summarizes the recommended prioritized approach 
to I/I reduction within the collection system.  
 

Table ES.7 I/I Reduction Program Summary 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Subbasin Priority 
I/I Reduction 

Target (percent) I/I Reduction Method 

E3 A 100 Replace public sewers and direct 
disconnects 

E5 B 63 Replace public sewers and direct 
disconnects 

W2 B 63 Replace public sewers and direct 
disconnects 

E1 C 100 Direct disconnect; Roof drains, driveway 
drains, area drains, etc.  

E2 C 100 Direct disconnect; Roof drains, driveway 
drains, area drains, etc. 

E4 C 100 Direct disconnect; Roof drains, driveway 
drains, area drains, etc. 

E6 C 100 Direct disconnect; Roof drains, driveway 
drains, area drains, etc. 

EW1 C 100 Direct disconnect; Roof drains, driveway 
drains, area drains, etc. 

W1 C 100 Direct disconnect; Roof drains, driveway 
drains, area drains, etc. 

Table ES.8 summarizes the anticipated costs associated with the prioritized I/I Reduction 
Program. It is recommended that the City implement I/I Reduction Program in phases in 
order to gage the effectiveness and cost-benefit of specific I/I reduction techniques for the 
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City’s wastewater system. This phased approach involves proceeding with the highest 
priority I/I reduction basin, evaluate the effectiveness of specific reduction measures, modify 
the techniques to achieve the best cost-to-benefit results; and, using these results, expand 
the program to the other priority basins.  
 

Table ES.8 I/I Reduction Program Cost Estimate 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Priority 
Level Basin SSES 

Permanent 
Flow 

Monitoring 

I/I 
Reduction 
Projects 

Program 
Administra

tion 

Total 
Program 

Cost 

A E3 $89,000 $103,000 $9,865,000 $201,000 $10,258,000

Total Priority A $10,258,000

B E5 $62,000 $52,000 $6,755,000 $100,000 $6,969,000

B W2 $104,000 $52,000 $3,876,000 $190,000 $4,222,000

Total Priority B $11,191,000

C E1 $18,000 $0 $28,000 $2,000 $48,000

C E2 $18,000 $0 $25,000 $2,000 $45,000

C E4 $36,000 $0 $83,000 $5,000 $124,000

C E6 $24,000 $0 $57,000 $3,000 $84,000

C EW1 $18,000 $0 $28,000 $2,000 $48,000

C W1 $12,000 $0 $20,000 $2,000 $34,000

Total Priority C $383,000

Total I/I Reduction Cost $21,832,000

ES.5.4 Wastewater Treatment and Residuals 

The process and hydraulic capacities of the existing wastewater treatment facilities was 
evaluated to assess future treatment needs. Based on this analysis, it was determined that 
the process capacity of the existing facilities is currently limited to a Maximum Month 
Average Day (MMAD) capacity of less than 5.0 mgd under recommended operating 
conditions for the final clarifiers (discussed in Chapter 06 of this report). Hydraulically, the 
existing facilities are limited to a capacity of 7.0 mgd at the final clarifiers as well. Thus, a 
phased expansion of the wastewater treatment facilities is proposed to increase treatment 
capacity as projected flows to the CCWWTP increase.  

It is also recommended that the current operation of the facilities as an extended aeration 
activated sludge facility be modified to a conventional activated sludge facility to maximize 
the use of the existing aeration facilities, and more efficient operation of the facilities for 
meeting future regulatory limits. 
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ES.6 CIP PLAN 

A 30-year CIP was developed based upon the existing and future system recommendations 
established by the WWSMP. The CIP for each system has been divided between three time 
frames as follows: 

 Short-term Improvements recommended for implementation over the next 1 to 
15 years. 

 Long-term Improvements recommended for implementation over the next 16 to 
30 years. 

 Future Improvement recommendations identified for implementation beyond the 
30-year planning period of this CIP. 

Presented below in Tables ES.9 through ES.12 are the CIP tables associated with the 
Water Supply and Treatment, Water Distribution, Collection System, and Wastewater 
Treatment System. The CIP tables are intended to facilitate development of the City’s CIP 
and, ultimately, to support determination of the user rates and connection impact fees. 

In addition, Figure ES.15 presents a summary of the anticipated yearly CIP expenditures, 
which includes the estimates for yearly rehabilitation, and replacement of ageing 
infrastructure made by City Staff. These estimates are included in Appendix K. 



Table ES.9

EDMOND CIP
WTP PROJECT
CIP # DESIGN(4) CONSTRUCTION(5) DESIGN CONSTRUCTION

Expand capacity of existing Intake Structure with the 
following modifications: 

(1) Request variance from USACE to increase velocity thru 
18" intake pipe to increase capacity from 13 to 17 mgd
(2) Request variance from USACE to install new, parallel 
30" inlet pipe in USACE tunnel for add'l 37 mgd of 
capacity
(3) Construct a new 20‐mgd Low Lift Pump Station to 
convey the additional water supply

New Pre-Ozone Building (20 mgd Expanble to 30 )

New Rapid Mix Basins (30 mgd)

New Pretreatment Clarifeirs (20 mgd)

New Solids Contact Clarifiers (2 qty; 20mgd)

New Post-Ozone Basin (20 mgd)

New Filter Building (20 mgd)

New Backwash Water Storage Tank (0.35MG)

New Backwash WW Storage (1.2MG)

New High Service Pump Station (20 mgd)

Finished Water Clearwell Baffles
New Lime System/Chemical Building (30 exp to 40 
mgd)
New Ozone Builiding (20 mgd exp to 30 mgd)

Construction of new residuals handling facilites at the 
WTP includes:

Stormwater Diversion around Lagoons
Construction of new thickeners and sludge pump station 
92 @ 50ft diam.
Construction of new solids storage tank

Construction of 10 new engineered Lagoons

Rehabilitation Items at Existing WTP

Rehab Rapid Mix

Rehab Flocculating Clarifier

Replace Lime System (See WTP-1)

 $             72,945,500  $         11,360,600  $                      3,858,100  $              88,164,200 

Screen house Rehab

Secondary RM Rehab

High Lift Pump Station Rehab

Softening basin rehab

Filter Media and valve replacement (partial)

10 mgd addition to LLPS Expansion from 20-30 mgd

Rehab Existing 12 mgd LLPS and 20 mgd LLPS
New parallel 2000 ft 36-inch Raw Water Pipeline to 
Plant

 $                           74,700 

Phase II INT-02 (10)

 $                1,245,000 2024 2025 Age of Equipment +20 years

Expansion of LLPS Facilities to 40 mgd

Intake and Low Lift 
Pumping/ 

Transmission

Intake -59 mgd  
LLPS - 32 mgd 
Transmission - 

35 mgd

2014 2018

Peak Daily WTP Demand > 27  mgd

TOTAL Intake: 59 mgd    
LLPS New -10 mgd  LLPS 

Existing - 32 mgd        
TOTAL LLPS = 42 mgd  
Transmission - 70 mgd

 $               7,000,000  $              980,000  $                         420,000  $                8,400,000 2032 2035

WTP Unit 
Processes

10.5 30.0  $             49,871,700 

Phase II RHB-02

Rehabilitation Items at Existing WTP

WTP 
Rehabilitation/Repl

acement
10.5 10.5  $                  946,200 

Total Phase I Improvements:

 $              224,100 

Construct new treatment facilities at the WTP for a full 
softening plant with ozone biofiltration. Includes: 

 $           6,767,300 
Increased Reliance on Lake Arcadia and 
Reduction of Wholesale Purchases from 

OKC 

RHB-01
WTP 

Rehabilitation/Repl
acement

10.5 10.5

Phase I

INT-1
Intake and Low Lift 

Pumping/ 
Transmission

Intake -13 mgd  
LLPS - 12 mgd 
Transmission - 

35 mgd

TOTAL Intake: 59 mgd  
New Intake - 45 mgd  

Rerated Intake - 17 mgd  
LLPS New -20 mgd  LLPS 
Existing - 12 mgd  TOTAL 

LLPS = 32 mgd

 $               9,000,000  $           1,260,000  $                         540,000  $              10,800,000 

 $                      2,207,000  $              58,846,000 

 $                  102,600  $                24,300  $                             8,100  $                   135,000 

WTP-01

RES-01
WTP Residuals 

Handling
5.5 16.2  $             13,971,200  $           3,309,000  $                      1,103,000  $              18,383,200 

PROJECT DESCRIPTION PROJECT

TREAMENT CAPACITY (MGD)(1) PROJECT COSTS(2)

ESTIMATED CIP YEAR(6)

SYSTEM TRIGGER(7) NOTES
EXISTING/ 
PREVIOUS PROPOSED

(8)

CONSTRUCTION 
COSTS(3)

ENGINEERING
TOTAL PROJECT

2014 2018
Increased Reliance on Lake Arcadia and 
Reduction of Wholesale Purchases from 

OKC 

2014 2018
Rehabilitation of exisitng WTP High Wear 

Items

(9)

2014
Increased Reliance on Lake Arcadia and 
Reduction of Wholesale Purchases from 

OKC 
2018

CAPITAL IMPROVEMENTS (WITH IPR) - NEAR-TERM AND LONG-TERM GROWTH AND SYSTEM OPERATION IMPROVEMENTS

Water Supply and Treatment Short and Long Term CIP
Water and Wastewater System Master Plan
City of Edmond, Oklahoma
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Table ES.9

EDMOND CIP
WTP PROJECT
CIP # DESIGN(4) CONSTRUCTION(5) DESIGN CONSTRUCTIONPROJECT DESCRIPTION PROJECT

TREAMENT CAPACITY (MGD)(1) PROJECT COSTS(2)

ESTIMATED CIP YEAR(6)

SYSTEM TRIGGER(7) NOTES
EXISTING/ 
PREVIOUS PROPOSED

CONSTRUCTION 
COSTS(3)

ENGINEERING
TOTAL PROJECT

CAPITAL IMPROVEMENTS (WITH IPR) - NEAR-TERM AND LONG-TERM GROWTH AND SYSTEM OPERATION IMPROVEMENTS

Water Supply and Treatment Short and Long Term CIP
Water and Wastewater System Master Plan
City of Edmond, Oklahoma

Addition of a third screen into existing structure (10 mgd)

New Pre-Ozone Equipment Expansion (20 to 30 mgd)

New Pretreatment Basin (10 mgd)

New Solids Contact Clarifier (1 qty; 10 mgd)

New Post-Ozone Building (15 mgd)

New Filters (10 mgd)

New Clearwell  and baffle walls(4 MG)

New High Service Pumps (2 qty; 10 mgd)

Standby Power Generation & Fuel Storage

[  Expansion of Chemical Building  30 to 40 mgd

    Addition of 6 new Dewatering Lagoons

Additional Solids Storage and Pumps

 $             45,649,800  $           6,889,700  $                      2,358,200  $              54,897,700 

PreOzone Rehabilitation

Flocculating Clarifier Rehab

Post Ozone System Replacement

Filter Media and valve replacement (partial)

10 mgd addition to LLPS Expansion from 30-40 mgd

Rehab Existing 12 mgd LLPS and 30 mgd LLPS

Select Pipeline Rehab (ARV and Valve Replacements))

Select Pipeline Rehab (ARV and Valve Replacements))

Phase II WTP-02

Expansion of WTP Facilities. Includes expansion 
of/modifications to:

WTP Unit 
Processes

30.0 40.0 $             32,081,700  $           4,354,000  $                      1,419,600  $              37,855,300 2030 2035 Peak Daily WTP Demand > 27  mgd (11)

Phase III INT-03

Phase III RHB-03

Intake -13 mgd  
LLPS - 32 mgd 
Transmission - 

35 mgd

TOTAL Intake: 59 mgd    
LLPS New -12 mgd  LLPS 

Existing - 42 mgd        
TOTAL LLPS = 54 mgd  
Transmission - 70 mgd

 $                         280,000  $                5,775,000 2043 2046

2044 Age of Equipment +20 years

Peak Day WTP Demand >36.6 (12)

2030 Peak Daily WTP Demand > 27  mgd2035 $                7,397,400  $           1,331,600  $                         443,900 (11)

Total Phase II Improvements:

Expansion of LLPS Facilities to 54 mgd

Intake and Low Lift 
Pumping/ 

Transmission

 $              360,000  $                         120,000  $                2,000,000 2043

 $               4,656,000  $              839,000 

Phase II RES-02

Expansion of Residuals Handling Facilities:

WTP Unit 
Processes

16.2 17.8  $               5,621,900 

Rehabilitation Items at Existing WTP

WTP 
Rehabilitation/Repl

acement
30.0 30.0  $               1,520,000 
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Table ES.9

EDMOND CIP
WTP PROJECT
CIP # DESIGN(4) CONSTRUCTION(5) DESIGN CONSTRUCTIONPROJECT DESCRIPTION PROJECT

TREAMENT CAPACITY (MGD)(1) PROJECT COSTS(2)

ESTIMATED CIP YEAR(6)

SYSTEM TRIGGER(7) NOTES
EXISTING/ 
PREVIOUS PROPOSED

CONSTRUCTION 
COSTS(3)

ENGINEERING
TOTAL PROJECT

CAPITAL IMPROVEMENTS (WITH IPR) - NEAR-TERM AND LONG-TERM GROWTH AND SYSTEM OPERATION IMPROVEMENTS

Water Supply and Treatment Short and Long Term CIP
Water and Wastewater System Master Plan
City of Edmond, Oklahoma

Expansion of WTP Facilities to 54 mgd. Includes 

New Pre-Ozone Building (14 mgd)

New Post-Ozone Building (14 mgd)

New Recarb Basin (14 mgd)

New Lime System Building (14 mgd)

New Solids Contact Clarifier (1 qty; 12 mgd))

New Filters (14 mgd)

Two New Clearwells (2.5 MG each)

New High Service Pump Station (4 qty; 14 mgd)

New Sludge Lagoons (8 qty)

Expansion of Residuals Handling Facilities:

New Sludge Lagoons (8 qty)

New Sludge Storage Tank

3rd  sludge Thickener with wall connnection

 $             57,304,300  $           8,807,300  $                      2,892,400  $              69,004,000 
NOTES:

1 At Peak Daily flow conditions, unless otherwise noted.

2 Costs are presented in January 2013 dollars.

3 Construction costs include 50% estimating contigency.

4 Engineering Design includes Engineering, Legal and Administrative fees, and is estimated as 14% of estimated construction costs.

5 Engineering Costs during construction are inclusive of resident inspection services. These costs are expected to be incurred during the construction CIP years, and are estimated at 6% of construction costs.

6 Estimated CIP Year indicates Fiscal years in which majority of costs to be incurred. Construction year shown as year CIP needed to be completed. Design recommended when average demands approach 90% of the water supply available capacity to maintain a 10% reserve capacity during design & construction.

7 System trigger indicates that design should begin in the fiscal year following the period in which the trigger (single peak day) is attained. Shown as 90% of Peak Daily demand on the WTP during any period of a normal (average) year to maintain 10$% reserve capacity for duration of design and construction.

8 Intake structure recommended for a one time expansion to handle to supply ultimate peak day WTP demand. Will require timely approval by USACE. The system trigger is based on the assumption that no supply will be required from OKC between 2017 and 2042.

9 This expansion of the WTP Facilities will expand treatment capacity to 30-mgd to provide water supply, in addition to wells, to meet peak demands thru year 2029. The system trigger assumes no supply required from OKC for the period 2017-2042.

10 Expansion of the existing LLPS capacity from 32 mgd to 42 mgd, construction of a parallel 36-inch pipeline to increase piping transmission capacity to 70 mgd and provide additional redundancy. 

11 This expansion of the WTP Facilities will expand treatment capacity to 40-mgd to provide water supply, in addition to wells, to meet peak demands thru year 2042. The system trigger assumes no supply required from OKC for the period 2017-2042. Beyond Year 2042, add'l supply from OKC will be required.

12 Expansion of the existing LLPS capacity from 42 mgd to 54 mgd, through the addition of 12 mgd of Low lift pumping capacity. 

13 This expansion of the WTP Facilities will expand treatment capacity to 52-mgd to provide water supply, in addition to wells, to meet peak demands beyond year 2042 as needed. The system trigger assumes no supply required from OKC.

Phase III RES-03

WTP-03Phase III (13)

(13)54.017.8  $                         523,300 

Total Phase III Improvements:

 $           6,038,500  $                      1,969,100  $              52,508,000 2043 Peak Daily Demand > 36.6

Peak Daily Demand > 36.6

2046

2043 2046 $                8,721,000  $           1,569,800  $               6,627,900 
WTP Unit 
Processes

WTP Unit 
Processes

0.0 54.0  $             44,500,400 
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Table ES.10               Water Distribution System Short and Long Term CIP
Water and Wastewater System Master Plan
City of Edmond, Oklahoma

SYSTEM TRIGGER(6)

EXISTING PROPOSED/NEW DESIGN(3) CONSTRUCTION(4) DESIGN CONSTRUCTION PSI @ MDD OR DEMAND CAPACITY

UPSZ-1
UPSIZE EXISTING PIPE TO 
MEET MDD+FIREFLOW

ALONG WYNN DR, BETWEEN 
E. 33RD ST & BONAIRE DR

6" 12" (U) 1,830             580,000$                     105,000$                  35,000$                   720,000$                     2013 2014 45 PSI @ TELELOGGER #4 (7)

TWR-1

INSTALL ADD'L NEW 
ELEVATED STORAGE TOWER 
FOR STORAGE 
REQUIREMENTS AND VALVE 
AUTOMATION

NW PUMPING COMPLEX 2 MG STORAGE
4 MG STORAGE 

(A)
-- 8,740,000$                  1,574,000$               525,000$                 10,839,000$                2013 2014 -- (13)

UPSZ-2
UPSIZE EXISTING PIPE WITH 
LARGER DIAMETER TO MEET 
MDD+FIREFLOW

ALONG E. 33RD ST, 
BETWEEN S. KELLY AVE & S. 
BROADWAY

10" 18" (U) 2,610             1,150,000$                  207,000$                  69,000$                   1,426,000$                  2015 2016 45 PSI @ TELELOGGER #4 (8)

UPSZ-3
UPSIZE EXISTING PIPE WITH 
LARGER DIAMETER TO MEET 
MDD+FIREFLOW

ALONG E. 33RD ST, 
BETWEEN S. BROADWAY & 
S. BRYANT

8" 18" (U) 2,400             1,060,000$                  191,000$                  64,000$                   1,315,000$                  2015 2016 45 PSI @ TELELOGGER #4 (8)

UPSZ-4
UPSIZE EXISTING PIPE TO 
MEET MDD+FIREFLOW

ALONG DANFORTH, FROM 
KELLY TO BRYANT

12" 16" (U) 13,050           5,190,000$                  935,000$                  312,000$                 6,437,000$                  2015 2016 45 PSI @ TELELOGGER #3 (7)

TWR-2

INSTALL ADD'L NEW 
ELEVATED STORAGE TOWER 
FOR STORAGE 
REQUIREMENTS

COLLEGE PUMPING 
COMPLEX

1 MG STORAGE
3 MG STORAGE 

(A)
-- 8,640,000$                  1,556,000$               519,000$                 10,715,000$                2015 2016 -- (13)

TWR-3
NEW ELEVATED STORAGE 
TOWER AND SITE FOR 
STORAGE REQUIREMENTS

NEW NE PUMPING COMPLEX --
2 MG STORAGE 

(N)
-- 8,960,000$                  1,613,000$               538,000$                 11,111,000$                2015 2016 -- (13)

NEW-1
INSTALL NEW PIPE TO 
INCREASE LEVEL OF 
SERVICE AND REDUNDANCY

ALONG SOUTH CITY LIMITS, 
FROM KELLY AVE TO JUST 
EAST OF RAILROAD TRACKS

-- 12" (N) 920                240,000$                     44,000$                    15,000$                   299,000$                     2015 2016 45 PSI @ TELELOGGER #4 (9)

MAIN-1

INSTALL NEW TRANSMISSION 
MAIN TO MEET PROJECTED 
MDD; 6 NEW WELLS, SPACED 
1/2-MILE INCLUDED ON LINE

ALONG POST RD, JUST 
SOUTH OF WTP TO JUST 
SOUTH OF COFFEE CREEK 
RD

-- 18" (N) 21,800           10,920,000$                1,966,000$               656,000$                 13,542,000$                2015 2017
DEPENDENT UPON FUTURE 

DEVELOPMENT
(10)

TANK-1

INSTALL ADD'L NEW GROUND 
STORAGE TANK AND 
ASSOCIATED PUMPING 
STATION FOR STORAGE 
REQUIREMENTS

NE PUMPING COMPLEX 2 MG STORAGE

3,000 GPM PUMP 
STATION/        

4 MG STORAGE 
(A)

-- 5,070,000$                  913,000$                  305,000$                 6,288,000$                  2020 2021 -- (13)

MAIN-2

NEW DISTRIBUTION MAIN TO 
MEET PROJECTED MDD; 
CONVEYS FLOW FROM MAIN-
1 TO TWR-3

FROM NEW NW COMPLEX, 
SW OF POST RD & COFFEE 
CREEK RD, WEST & NORTH 
ACROSS COFFEE CREEK RD 
THEN BACK EAST TO POST 
RD, THEN NORTH TO NEW 
TOWER NE OF POST RD & 
SORGHUM MILL RD

-- 18" (N) 11,500           4,780,000$                  861,000$                  287,000$                 5,928,000$                  2015 2017 -- (10)

WEL-1
CONSTRUCT 7 NEW WELLS 
FOR ADD'L WATER SUPPLY 
TO MEET PEAK DEMANDS

COVELL RD (2); BROADWAY 
(1); SANTA FE (1); BETWEEN 
DANFORTH/COVELL (2); 
COFFEE CREEK RD (1)

8.0 MGD 9.5 MGD (N) --  $                 5,070,000  $                 913,000  $                305,000  $                  6,288,000 2015 2017
NEAR-TERM SUPPLY CAPACITY 

AND DISTRIBUTION 
IMPROVEMENTS

(15)

WEL-2
REPLACE 6 EXISTING WELLS 
DUE TO END OF SERVICE 
LIFE

6 EXISTING WELLS TBD 1.6 MGD 1.6 MGD (R) --  $                 5,170,000  $                 931,000  $                311,000  $                  6,412,000 2015 2017 -- (16)

65,570,000$               11,809,000$           3,941,000$             81,320,000$              TOTAL PRIORITY LEVEL A CIP PROJECTS:

CAPITAL IMPROVEMENTS (WITH IPR) - NEAR-TERM AND LONG-TERM GROWTH AND SYSTEM OPERATION IMPROVEMENTS

EDMOND 
DISTRIBUTION 
SYSTEM CIP CIP PROJECT # PROJECT LOCATION

CAPACITY/SIZE

LENGTH (FT)

PROJECT COSTS(1)

CIP YEAR(5)

COMMENT

ENGINEERING

TOTAL PROGRAM 
COSTS

CONSTRUCTION 

COSTS(2)PROJECT

Priority Level A
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Table ES.10 Water Distribution System Short and Long Term CIP
Water and Wastewater System Master Plan
City of Edmond, Oklahoma

SYSTEM TRIGGER(6)

EXISTING PROPOSED/NEW DESIGN(3) CONSTRUCTION(4) DESIGN CONSTRUCTION PSI @ MDD OR DEMAND CAPACITY

CAPITAL IMPROVEMENTS (WITH IPR) - NEAR-TERM AND LONG-TERM GROWTH AND SYSTEM OPERATION IMPROVEMENTS

EDMOND 
DISTRIBUTION 
SYSTEM CIP CIP PROJECT # PROJECT LOCATION

CAPACITY/SIZE

LENGTH (FT)

PROJECT COSTS(1)

CIP YEAR(5)

COMMENT

ENGINEERING

TOTAL PROGRAM 
COSTS

CONSTRUCTION 

COSTS(2)PROJECT

PARL-1
INSTALL NEW PIPE PARALLEL 
TO EXISTING TO MEET MDD

ALONG KELLY AVE, FROM 
33RD TO 15TH STREET

12" 12" (P) 5,400             1,360,000$                  245,000$                  82,000$                   1,687,000$                  2020 2021 45 PSI @ TELELOGGER #2 (9)

UPSZ-5
UPSIZE EXISTING PIPE TO 
MEET PROJECTED 
MDD+FIREFLOW

ALONG 33RD FROM 
BROADWAY TO BRYANT; 
THEN NORTH ON BRYANT TO 
2ND

8"/12" 18" (U) 15,800           6,570,000$                  1,183,000$               395,000$                 8,148,000$                  2020 2021
DEPENDENT UPON FUTURE 

DEVELOPMENT
(7)

UPSZ-6
UPSIZE EXISTING PIPING TO 
MEET MDD+FIREFLOW

ALONG KELLY FROM 15TH 
ST. TO DANFORTH

12" 18" (U) 10,600           4,410,000$                  794,000$                  265,000$                 5,469,000$                  2020 2021 45 PSI @ TELELOGGER #1 (7)

NEW-2
NEW DISTRIBUTION PIPING TO 
HELP WITH SYSTEM RELIABILITY 
AND EFFICIENCY

ALONG AIR DEPOT, FROM 
SORGHUM MILL RD, SOUTH TO 
SOUTH OF COFFEE CREEK RD

-- 16" (N) 22,400           8,370,000$                  1,507,000$               503,000$                 10,380,000$                2020 2021
DEPENDENT UPON FUTURE 

DEVELOPMENT
(10)

NEW-3
NEW DISTRIBUTION PIPING TO 
HELP WITH SYSTEM RELIABILITY 
AND EFFICIENCY

FROM NEW‐2 (JUST SOUTH OF 
COFFEE CREEK RD), WEST TO 
SOONER RD, THEN SOUTH ON 
SOONER TO COVELL RD, THEN 
WEST, ENDING WEST JUST 
WEST OF SOONER RD

-- 12" (N) 9,700             2,820,000$                  508,000$                  170,000$                 3,498,000$                  2020 2021
DEPENDENT UPON FUTURE 

DEVELOPMENT
(10)

MAIN-3
NEW DISTRIBUTION MAIN TO 
MEET PROJECTED MDD

FROM THE WTP, NORTH 
ALONG POST RD, THEN 
WEST ALONG 2ND ST TO I-35 
COMPLEX

-- 36" (N) 24,700            $               19,510,000  $              3,512,000  $             1,171,000  $                24,193,000 2020 2022 -- (18)

TANK-2

INSTALL ADD'L NEW GROUND 
STORAGE TANK AND 
ASSOCIATED PUMPING 
STATION FOR STORAGE 
REQUIREMENTS

I-35 PUMPING COMPLEX 2 MG STORAGE

3,000 GPM PUMP 
STATION/        

6 MG STORAGE 
(A)

-- 10,590,000$                1,907,000$               636,000$                 13,133,000$                2020 2021
DEPENDENT UPON FUTURE 

DEVELOPMENT
(12)

PS-1

PUMP STATION 
REPLACEMENT AND GROUND 
STORAGE TANK 
REPLACEMENT TO IMPROVE 
OPERATIONS

REPLACE COLLEGE 
PUMPING STATION AND 
STORAGE TANK

3,600 GPM PUMP 
STATION/         

3 MG STORAGE

3,600 GPM PUMP 
STATION (R)/ 3 

MG STORAGE (R)
-- 4,800,000$                  864,000$                  288,000$                 5,952,000$                  2021 2023 NA (13,14)

WEL-3
CONSTRUCT 8 NEW WELLS 
FOR ADD'L WATER SUPPLY 
TO MEET PEAK DEMANDS

COFFEE CREEK RD (3); 
SOONER RD (1); 2ND ST (4)

9.5 MGD 11.2 MGD (N) --  $                 7,110,000  $              1,280,000  $                427,000  $                  8,817,000 2021 2023
PEAK DAILY SYSTEMWIDE DEMAND 

>32 MGD
(15)

WEL-4
REPLACE 7 EXISTING WELLS 
DUE TO END OF SERVICE 
LIFE

7 EXISTING WELLS TBD 1.9 MGD 1.9 MGD (R) --  $               20,360,000  $              3,665,000  $             1,222,000  $                25,247,000 2023 2025 -- (17)

85,900,000$               15,465,000$           5,159,000$             106,524,000$            

NEW-4
INSTALL NEW PIPE TO MEET 
MDD AND REDUNDANCY

SOUTH ALONG BRYANT AVE, 
BETWEEN DANFORTH AND 2ND 
STREET

-- 18" (N) 5,200             2,160,000$                  389,000$                  130,000$                 2,679,000$                  2025 2026 -- (10)

NEW-5
INSTALL NEW PIPE TO MEET 
MDD AND REDUNDANCY

ALONG 2ND STREET, FROM 
BRYANT, EAST TO SOONER RD

-- 16" (N) 10,500           3,930,000$                  708,000$                  236,000$                 4,874,000$                  2025 2026 -- (10)

TWR-4

INSTALL ADD'L NEW 
ELEVATED STORAGE TOWER 
FOR STORAGE 
REQUIREMENTS AND VALVE 
AUTOMATION

33RD STREET PUMPING 
COMPLEX

--
2 MG STORAGE 

(A)
-- 8,740,000$                  1,574,000$               525,000$                 10,839,000$                2026 2027 -- (13)

WEL-5
REPLACE 16 EXISTING WELLS 
DUE TO END OF SERVICE 
LIFE

16 EXISTING WELLS TBD 5.0 MGD 5.0 MGD (R) --  $               14,320,000  $              2,578,000  $                860,000  $                17,758,000 2028 2030 -- (18)

29,150,000$               5,249,000$              1,751,000$             36,150,000$              

TOTAL PRIORITY LEVEL B CIP PROJECTS:

TOTAL PRIORITY LEVEL C CIP PROJECTS:

Priority Level B

Priority Level C
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Table ES.10              Water Distribution System Short and Long Term CIP
Water and Wastewater System Master Plan
City of Edmond, Oklahoma

SYSTEM TRIGGER(6)

EXISTING PROPOSED/NEW DESIGN(3) CONSTRUCTION(4) DESIGN CONSTRUCTION PSI @ MDD OR DEMAND CAPACITY

CAPITAL IMPROVEMENTS (WITH IPR) - NEAR-TERM AND LONG-TERM GROWTH AND SYSTEM OPERATION IMPROVEMENTS

EDMOND 
DISTRIBUTION 
SYSTEM CIP CIP PROJECT # PROJECT LOCATION

CAPACITY/SIZE

LENGTH (FT)

PROJECT COSTS(1)

CIP YEAR(5)

COMMENT

ENGINEERING

TOTAL PROGRAM 
COSTS

CONSTRUCTION 

COSTS(2)PROJECT

WEL-6
REPLACE 13 EXISTING WELLS 
DUE TO END OF SERVICE 
LIFE

14 EXISTING WELLS TBD 3.0 MGD 3.0 MGD (R) --  $               11,410,000  $              2,054,000  $                685,000  $                14,149,000 2030 2035 -- (18)

WEL-7
REPLACE 10 EXISTING WELLS 
DUE TO END OF SERVICE 
LIFE

10 EXISTING WELLS TBD 2.7 MGD 2.7 MGD (R) --  $                 8,690,000  $              1,565,000  $                522,000  $                10,777,000 2040 2045 -- (18)

20,100,000$               3,619,000$              1,207,000$             24,926,000$              

200,720,000$       36,142,000$      12,058,000$     248,920,000$      

FUT-1
NEW PIPE TO MEET 
PROJECTED MDD

ALONG 2ND ST, EAST TO 
DOUGLAS, THEN NORTH 
ALONG DOUGLAS TO 
SORHUM MILL

-- 12" (N) 31,400           5,460,000$                  983,000$                  328,000$                 6,771,000$                  2017 2018 -- (11)

FUT-2
NEW PIPE TO MEET 
PROJECTED MDD

ALONG COVELL FROM 
DOUGLAS EAST TO POST 
RD; NORTH TO SORGHUM 
MILL; WEST TO CONNECT 
WITH NEW-4

-- 12" (N) 17,350           3,020,000$                  544,000$                  182,000$                 3,746,000$                  2022 2023 -- (11)

FUT-3
NEW PIPE TO MEET 
PROJECTED MDD

ALONG MIDWEST BLVD, 
FROM COVELL TO 
SORGHUM MILL

-- 10" (N) 10,500           1,530,000$                  276,000$                  92,000$                   1,898,000$                  2027 2028 -- (11)

FUT-4
NEW PIPE TO MEET 
PROJECTED MDD

ALONG COFFEE CREEK RD, 
TO BETWEEN AIR DEPOT & 
POST RD

-- 12" (N) 16,000           2,780,000$                  501,000$                  167,000$                 3,448,000$                  2027 2028 -- (10)

10,010,000$                1,803,000$               602,000$                 12,415,000$                

NOTES:

1 Costs are presented in January 2013 dollars.

2 Construction costs include 50% estimating contigency.

3 Engineering Design includes Study-phase, Preliminary, and Final Engineering, Legal and Administrative fees, and is estimated as 18% of estimated construction costs.

4 Engineering Costs during construction are inclusive of resident inspection services. These costs are expected to be incurred during the construction CIP years, and are estimated at 6% of construction costs.

5 Estimated CIP Year indicates Fiscal years in which majority of costs to be incurred. Design and construction of projects can occur within the range of years listed.

6 System trigger indicates that design should begin in the fiscal year following the period in which the trigger is attained. Trigger is pressure at respective telelogger location, at Max Day Demand conditions.

7 Upsize existing pipes with larger diameter pipe. Cost includes demolition of existing pipe for in-place replacement with new pipe. Other construction methods (e.g. trenchless) may be selected as part of site-specific design.

8 Install new pipe parallel to existing pipe.

9 New piping to be installed parallel to existing piping to create a loop system.

10 Install new piping that will service as a transmission or distribution main to meet future projected max day demands.

11 FOR DEVELOPER, NOT INCLUDED IN CITY'S CIP. Install new piping to serve future, projected demands in future developments.

12 New 4 MG ground storage tank to be installed to supplement available storage to meet projected storage requirements for the CIP year. Cost includes install of 280 LF of new piping to and from the new tank.

13 Install new 2 MG elevated tower or ground storage tank to meet projected storage requirements for the CIP year. Cost inludes install of 1000 LF of 24-inch piping to/from the new tank.

14 Replace old system at end of its service life (equipment, facilities, etc.) with new.

15 Additional 1.5 mgd of new well capacity to be constructed in 2017, and 1.7 mgd of new well capacity to be constructed in 2023 to supplement water supply in lieu of purchasing supply from OKC.

16 Replace existing wells at or approaching 50 years of age (existing wells drilled from 1952-1967). Maximum pumping capacity of wells within this age range at the time of this report = 1,123 gpm, per Tbl 2-2 in 50 Year Water Supply Plan (CDM, 2009). Replacement well yield assumed equal to existing well yield.

17 Replace existing wells at or approaching 50 years of age (existing wells drilled 1971-1975). Maximum pumping capacity of wells within this age range at the time of this report = 1,293 gpm, per Tbl 2-2 in 50 Year Water Supply Plan (CDM, 2009). Replacement well yield assumed equal to existing well yield.

18 Replace existing wells at or approaching 50 years of age (existing wells drilled 1977-1980). Maximum pumping capacity of wells within this age range at the tome of this report = 3,463 gpm, per Tbl 2-2 in 50 Year Water Supply Plan (CDM, 2009). Replacement well yield assumed equal to existing well yield.

19 Replace existing wells at or approaching 50 years of age (existing wells drilled 1981-1986). Maximum pumping capacity of wells within this age range at the time of this report = 2,089 gpm, per Tbl 2-2 in 50 Year Water Supply Plan (CDM, 2009). Replacement well yield assumed equal to existing well yield.

20 Replace existing wells at or approaching 50 years of age (existing wells drilled 1992-2005). Maximum pumping capacity of wells within this age range at the time of this report = 1,881 gpm, per Tbl 2-2 in 50 Year Water Supply Plan (CDM, 2009). Replacement well yield assumed equal to existing well yield.

MDD = MAXIMUM DAY DEMAND

N = NEW

P = PARALLEL

U = UPSIZE

A = ADDITIONAL CAPACITY ADDED

R = REPLACE IN KIND

Future Projects

TOTAL FUTURE DISTRBUTION IMPROVEMENTS (FOR CITY):

New 
Development 
Construction 

Improvements

TOTAL DISTRIBUTION SYSTEM CIP (WITHOUT IPR):

TOTAL FUTURE DISTRBUTION IMPROVEMENTS (FOR FUTURE DEVELOPER):
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Table ES.11                         Collection System Short and Long Term CIP
Water and Wastewater System Master Plan
City of Edmond, Oklahoma

EXISTING PROPOSED DESIGN(4) CONSTRUCTION(5) DESIGN CONSTRUCTION FLOW (CFS) LOCATION

LS-1
REPLACEMENT OF EXISTING LIFT 
STATION TO HANDLE 
PROJECTED PEAK FLOWS

NEW SPRING CREEK LIFT STATION 
WITH PARALLEL FORCE MAIN.

3,500 gpm 15,331 gpm -- 22,800,000$                4,104,000$               1,368,000$                         28,272,000$                           2014 2015
Average Day Flow to 
Lift Station > 4.0 
MGD

-- (11)

LS-2

NEW LIFT STATION IN 
REPLACEMENT OF TWO 
EXISTING LIFT STATIONS (33RD 
ST & 40TH ST)

NEW LIFT STATION IN SUBBASIN E6. 600 gpm 600 gpm -- 4,510,000$                  812,000$                  271,000$                            5,593,000$                             2014 2015 -- -- (13)

LS-3

MODIFICATIONS TO EXISTING 
LIFT STATION FACILITY FOR 
FLOW ATTENUATION TO ACCEPT 
ADD'L FLOW

MODIFICATIONS TO EXISTING CHISHOLM
CREEK LIFT STATION AND ASSOCIATED 
HOLDING POND

2,000 gpm
2,000 gpm + 4.0 
MG STORAGE 

CAPACITY
-- 2,480,000$                  447,000$                  149,000$                            3,076,000$                             2014 2015 -- -- (14)

E3-1

INSTALL PARALLEL PIPING TO 
ALLEVIATE SURCHARGING AND 
FREEBOARD <3FT IN MANY 
MANHOLES

(E3) WEST OF BRYANT AVE AND 
APPROXIMATELY 0.5 MILE NORTH OF 
DANFORTH, BETWEEN BROOKWOOD 
DR AND BROOKWOOD PL. SEGMENT 
BETWEEN MANHOLES MH-8049 AND MH-
8021

7,704 gpm/18"
12,811 gpm/15" 

P
1,290             310,000$                     56,000$                    19,000$                              385,000$                                2014 2015 8 FM #1 (9)

E5-1
UPSIZE TO ALLEVIATE 
SURCHARGING, AND OBSERVED 
OVERFLOWS

(E5) NEAR INTERSECTION OF E. 15TH & 
BRYANT, FROM HAFER PARK TO JUST 
EAST OF 19TH ST. ON THE SOUTH SIDE 
OF E. 15TH ST. SEGMENT BETWEEN 
MANHOLES MH-7462 AND MH-7478

1,000 gpm/10" 4,758 gpm/18" U 3,382             1,030,000$                  186,000$                  62,000$                              1,278,000$                             2015 2017 12 FM #2 (8)

E5-2
UPSIZE TO ALLEVIATE 
SURCHARGING, AND OBSERVED 
OVERFLOWS

(E5) FROM EAST OF BRYANT & SOUTH 
OF HAFER PARK, TO SOUTH OF E. 13TH 
ST NEAR PINE OAK CIRCLE. SEGMENT 
BETWEEN MANHOLES MH-11151 AND 
MH-5828

2,690 gpm/15" 9,401 gpm/24" U 3,503             1,400,000$                  252,000$                  84,000$                              1,736,000$                             2015 2017 12 FM #2 (8)

E5-3
UPSIZE TO ALLEVIATE 
SURCHARGING, AND OBSERVED 
OVERFLOWS

(E5) FROM HAFER PARK, ALONG 
SPRING CREEK TO EAST OF S. 
COLTRANE RD. SEGMENT BETWEEN 
MANHOLES MH 5828 AND MH 5811

3412 & 4,174 
gpm/18" & 21"  

17,558 gpm/    
36" U

5,770             3,530,000$                  636,000$                  212,000$                            4,378,000$                             2015 2017 12 FM #2 (8)

E6-1
UPSIZE TO ALLEVIATE 
SURCHARGING & FREEBOARD < 
3FT IN MANY MANHOLES

(E6) SOUTHWEST OF E. 33RD & 
COLTRANE, NORTH OF CROSSING DR 
TO COLTRANE, BETWEEN E. RANDOLPH 
RD & BROKEN BOW RD. SEGMENT 
BETWEEN MANHOLES MH-5856 AND MH-
6216

1,729 gpm/15" 4,234 gpm/21" U 2,825             990,000$                     179,000$                  60,000$                              1,229,000$                             2015 2017 12 FM #2 (8)

E6-2
UPSIZE TO ALLEVIATE 
SURCHARGING AND OBSERVED 
OVERFLOWS

(E6) NORTH/SOUTH ROUTE BETWEEN E. 
40TH ST & E. MEMORIAL RD, JUST EAST 
OF STEVEN DR. SEGMENT BETWEEN 
MANHOLES NODE-6288 AND MH-6250

554 gpm/8" 1,752 gpm/12" U 2,668             550,000$                     99,000$                    33,000$                              682,000$                                2015 2017 12 FM #2 (8)

E6-3
UPSIZE TO ALLEVIATE 
SURCHARGING AND SEVERAL 
OBSERVED OVERFLOWS

(E6) EAST OF COLTRANE RD, FROM 
NORTH OF BROKEN BOW RD TO JUST 
SOUTH OF E. 33RD. SEGMENT 
BETWEEN MANHOLES MH-11670 AND 
MH-6216

845 gpm/8" 4,477 gpm/15" U 1,829             470,000$                     85,000$                    29,000$                              584,000$                                2015 2017 12 FM #2 (8)

E1-1
UPSIZE TO ALLEVIATE 
SURCHARGING AND AT LEAST 
ONE OBSERVED OVERFLOW

(E1) BETWEEN MIDWEST BLVD & 
COLTRANE, AND COFFEE CREEK RD & 
COVELL. SEGMENT BETWEEN 
MANHOLES MH-5394 AND MH-12628

5,671 gpm/24"
17,952 gpm/   

36" U
15,174           9,270,000$                  1,669,000$               557,000$                            11,496,000$                           2015 2017 10 FM #1 (8)

E3-2
UPSIZE TO ALLEVIATE 
SURCHARGING AND AT LEAST 
ONE OBSERVED OVERFLOW

(E3) FROM BROOKWOOD PL, 
NORTHEASTERLY ACROSS BRYANT TO 
SOUTHEAST OF INTERSECTION OF 
BRYANT & COVELL. SEGMENT 
BETWEEN MANHOLES MH-8021 AND MH-
12551

2,761 gpm/18"
11,645 gpm/   

30" U
2,080             1,030,000$                  186,000$                  62,000$                              1,278,000$                             2015 2017 10 FM #1 (8)

E4-1
UPSIZE TO ALLEVIATE 
SURCHARGING AND AT LEAST 
TWO OBSERVED OVERFLOWS

(E4) NORTHEAST OF COLTRANE & 15TH 
ST, ALONG SPRING CREEK, SOUTH OF 
STONEPOINT DR. SEGMENT BETWEEN 
MANHOLES MH-5811 AND MH-5806

5,475 gpm/24"
17,364 gpm/   

36" U
2,074             1,270,000$                  229,000$                  77,000$                              1,576,000$                             2015 2017 15 FM #2 (8)

E4-2
UPSIZE TO ALLEVIATE 
SURCHARGING & FREEBOARD 
<3FT IN MANY MANHOLES

(E4) NORTHEAST OF COLTRANE & 15TH 
ST, ALONG SPRING CREEK, EAST OF 
MANNER PARK AVE. SEGMENT 
BETWEEN MANHOLES MH-11523 AND 
MH-6102

4,452 gpm/24"
14,182 gpm/   

36" U
878                540,000$                     98,000$                    33,000$                              671,000$                                2015 2017 15 FM #2 (8)

E4-3
UPSIZE TO ALLEVIATE 
SURCHARGING & FREEBOARD 
<3FT IN MANY MANHOLES

(E4) NORTHEAST OF COLTRANE & 15TH 
ST, ALONG SPRING CREEK, EAST OF 
MANNER PARK AVE. SEGMENT 
BETWEEN MANHOLES MH-5806 AND MH-
11523; & MH-6011 AND MH-6014

7,405 gpm/24"
23,522 gpm/   

36" U
1,378             800,000$                     144,000$                  48,000$                              992,000$                                2015 2017 15 FM #2 (9)

CAPITAL IMPROVEMENTS (WITH IPR) - NEAR-TERM AND LONG-TERM GROWTH AND SYSTEM OPERATION IMPROVEMENTS

COMMENT

CIP YEAR(6)
EDMOND COLLECTION 

SYSTEM CIP CIP PROJECT(1) # PROJECT LOCATION (SEWER SUBBASIN)

PUMPING OR FLOW 

CAPACITY/PIPE SIZE(15)

LENGTH (FT)

ENGINEERING
PROJECT COSTS(2)

TOTAL PROGRAM COSTS

SYSTEM TRIGGER(7)

PROJECT

CONSTRUCtiON 

COSTS(3)

Priority Level A CIP 
Projects
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Table ES.11                         Collection System Short and Long Term CIP
Water and Wastewater System Master Plan
City of Edmond, Oklahoma

EXISTING PROPOSED DESIGN(4) CONSTRUCTION(5) DESIGN CONSTRUCTION FLOW (CFS) LOCATION

CAPITAL IMPROVEMENTS (WITH IPR) - NEAR-TERM AND LONG-TERM GROWTH AND SYSTEM OPERATION IMPROVEMENTS

COMMENT

CIP YEAR(6)
EDMOND COLLECTION 

SYSTEM CIP CIP PROJECT(1) # PROJECT LOCATION (SEWER SUBBASIN)

PUMPING OR FLOW 

CAPACITY/PIPE SIZE(15)

LENGTH (FT)

ENGINEERING
PROJECT COSTS(2)

TOTAL PROGRAM COSTS

SYSTEM TRIGGER(7)

PROJECT

CONSTRUCtiON 

COSTS(3)

E4-4
UPSIZE TO ALLEVIATE 
SURCHARGING & SEVERAL 
OVERFLOWS

(E4) FOLLOWING SPRING CREEK AT ITS 
INTERSECTION WITH I-35, SOUTH OF 
2ND ST. SEGMENT BETWEEN 
MANHOLES MH 6014 AND MH 6017 & MH

3,739 gpm/24"
11,893 gpm/   

36" U
3,424             2,100,000$                  378,000$                  126,000$                            2,604,000$                             2015 2017 15 FM #2 (8)

E4-5
INSTALL PARALLEL PIPING TO 
ALLEVIATE SURCHARGING U/S & 
FREEBOARD <3FT

(E4) FOLLOWING SPRING CREEK AT ITS 
INTERSECTION WITH I-35, SOUTH OF 
2ND ST. SEGMENT BETWEEN 
MANHOLES MH-6017 AND MH-5285

14,848 gpm/30"
23,661 gpm/   

24"  P
539                210,000$                     38,000$                    13,000$                              261,000$                                2015 2017 15 FM #2 (9)

E6-4
INSTALL PARALLEL PIPING TO 
ALLEVIATE SURCHARGING & 
OBSERVED OVERFLOWS

(E6) EAST OF COLTRANE RD, FROM 
NORTH OF E. 15TH TO SOUTH OF S. 
RANDOLPH RD. SEGMENT BETWEEN 
MANHOLES MH-6216 AND MH-5811

3,321 gpm/18" 5,511 gpm/15" P 6,265             1,510,000$                  272,000$                  91,000$                              1,873,000$                             2015 2017 12 FM #2 (9)

W2-1
UPSIZE TO ALLEVIATE 
SURCHARGING AND OBSERVED 
OVERFLOWS

(W2) NORTH/SOUTH ALONG THE CITY 
LIMIT BETWEEN WESTERN & SANTA FE, 
NORTH OF 2ND ST TO NORTH OF 192ND 
ST.   SEGMENT BETWEEN MANHOLES 
MH-318 AND MH-523

483/894 
gpm/8"/10"

4,559 gpm/18" U 4,907             1,490,000$                  269,000$                  90,000$                              1,849,000$                             2015 2017 13 FM #4 (8)

W2-2
UPSIZE TO ALLEAVIT 
SURCHARGING & FREEBOARD 
<3FT IN MANY MANHOLES

(W2) NORTHEAST OF 33RD & SANTA FE, 
FROM NORTH OF WOODSIDE DR TO 
NOTHEAST OF HIDDEN PRAIRIE WAY.  
SEGMENT BETWEEN MANHOLES MH-
2183 AND MH 2410

1243 gpm/12" 3984 gpm/18" U 3,416             1,040,000$                  188,000$                  63,000$                              1,291,000$                             2015 2017 13 FM #4 (8)

W2-3
UPSIZE TO ALLEVIATE 
SURCHARGING AND SEVERAL 
OBSERVED OVERFLOWS

(W2) NORTHWEST OF W. EDMOND RD & 
N. SANTA FE, NEAR WOODHOLLOW 
TRAIL TO SOUTH OF W. EDMOND RD.  
SEGMENT BETWEEN MANHOLES MH-
533 AND MH-523

4,542 & 6,473 & 
11,751 gpm/21" 

& 24" & 30"

12,661 gpm/   
30" U

3,738             1,930,000$                  348,000$                  116,000$                            2,394,000$                             2015 2017 13 FM #4 (8)

W2-4
UPSIZE TO ALLEVIATE 
SURCHARGING AND SEVERAL 
OBSERVED OVERFLOWS

(W2) NORTHWEST OF N. KELLY & 15TH, 
SOUTH OF FIRETREE LANE, DOWN TO 
15TH, TO SOUTHEAST OF KELLY & 15TH 
AT S. STATE ST.  SEGMENT BETWEEN 
MANHOLES MH-2683 AND MH-169

312/578 
gpm/8"/10"

1,848 gpm/15" U 7,382             1,880,000$                  339,000$                  113,000$                            2,332,000$                             2015 2017 11 FM #4 (8)

W2-5
UPSIZE TO ALLEVIATE 
SURCHARGING & FREEBOARD 
<3FT IN MANY MANHOLES

(W2) FROM DANFORTH & NEW STEM RD 
TO SOUTH OF ROBIN HILL RD, EAST OF 
KELLY.  SEGMENT BETWEEN 
MANHOLES MH-3542 AND MH-3974

871 gpm/10" 2,756 gpm/15" U 3,776             960,000$                     173,000$                  58,000$                              1,191,000$                             2015 2017 11 FM #4 (8)

E3-3

INSTALL PARALLEL PIPING TO 
ALLEVIATE SURCHARGING & 
FREEBOARD <3FT IN MANY 
MANHOLES

(E3) FROM SOUTHEAST OF COVELL & 
BRYANT, NORTHEASTERLY ACROSS 
COVELL TO SOUTHWEST OF THE 
INTERSECTION OF COLTRANE & 
COFFEE CREEK RD. SEGMENT 
BETWEEN MANHOLES MH-12551 AND 
MH 5445

4,823 gpm/21"
12,232 gpm24" 

P
2,366             910,000$                     164,000$                  55,000$                              1,129,000$                             2017 2020 10 FM #1 (9)

EW1-1
UPSIZE TO ALLEVIATE 
SURCHARGING AND AT LEAST 
TWO OVERFLOWS

(EW1) SOUTHWEST OF COFFEE CREEK 
RD & W. KELLY AVE, NORTHEAST OF 
MITCH PARK; FOLLOWING BETWEEN 
CREEK BANK DR & UNTERS CREEK RD 
TO SOUTH OF SARATOGA WAY. 
SEGMENT BETWEEN MANHOLES MH-
1593 AND MH-1524

812 & 1,319 
gpm/10" & 12"

2,563 gpm/15" U 3,070             780,000$                     141,000$                  47,000$                              968,000$                                2017 2020 15 FM #1 (8)

E3-4

INSTALL PARALLEL PIPING TO 
ALLEVIATE SURCHARGING AND 
FREEBOARD <3FT IN MANY 
MANHOLES

(E3) FROM SOUTHWEST OF 
INTERSECTION OF COLTRANE & 
COFFEE CREEK RD , EAST ALONG THE 
COFFEE CREEK TO DOMOCH DR. 
SEGMENT BETWEEN MANHOLES MH-
5445 AND MH-5394

6,372 gpm/24"
13, 251 gpm/   

24" P
4,101             1,580,000$                  285,000$                  95,000$                              1,960,000$                             2017 2022 10 FM #1 (9)

65,370,000$               11,777,000$            3,931,000$                        81,078,000$                         

E1-2
UPSIZE TO ALLEVIATE 
SURCHARGING AND OBSERVED 
OVERFLOWS

(E1) FROM THE WWTP, 
NORTHWESTERNLY ALONG CREEK LINK 
TO ~1650 FT EAST OF HARDWICK RD. 
SEGMENT BETWEEN MANHOLES MH-
12628 AND MH-5276

4,264 gpm/24"
28,921 gpm/   

48" U
7,333             5,890,000$                  1,061,000$               354,000$                            7,305,000$                             2022 2027 16 WWTP (9)

EW1-2
UPSIZE TO ALLEVIATE 
SURCHARGING & FREEBOARD 
<3FT IN MANY MANHOLES

(EW1) JUST WEST OF ROCK CANYON 
RD ON SOUTH SIDE OF COFFEE CREEK 
RD, SOUTHEASTERNLY TO ~400 FT OF 
SARATOGA WAY. SEGMENT BETWEEN 
MANHOLES MH-1524 AND LS-1512

1,402 & 2,528 
gpm/12" & 15"

6,684 gpm/21" U 2,146             760,000$                     137,000$                  46,000$                              943,000$                                2022 2027 15 FM #1 (9)

Priority Level A CIP Projects
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Table ES.11                         Collection System Short and Long Term CIP
Water and Wastewater System Master Plan
City of Edmond, Oklahoma

EXISTING PROPOSED DESIGN(4) CONSTRUCTION(5) DESIGN CONSTRUCTION FLOW (CFS) LOCATION

CAPITAL IMPROVEMENTS (WITH IPR) - NEAR-TERM AND LONG-TERM GROWTH AND SYSTEM OPERATION IMPROVEMENTS

COMMENT

CIP YEAR(6)
EDMOND COLLECTION 

SYSTEM CIP CIP PROJECT(1) # PROJECT LOCATION (SEWER SUBBASIN)

PUMPING OR FLOW 

CAPACITY/PIPE SIZE(15)

LENGTH (FT)

ENGINEERING
PROJECT COSTS(2)

TOTAL PROGRAM COSTS

SYSTEM TRIGGER(7)

PROJECT

CONSTRUCtiON 

COSTS(3)

W1-1
UPSIZE TO ALLEVIATE 
SURCHARGING AND SEVERAL 
OBSERVED OVERFLOWS

(W1) NORTHEAST OF COVELL RD & 
WESTERN AVE, ALONG AND WEST OF 
FALLBROOK AVE. SEGMENT BETWEEN 
MANHOLES MH-13202 AND MH-218

669 gpm/10" 2,115 gpm/15" U 715                190,000$                     35,000$                    12,000$                              237,000$                                2022 2027 8 FM #1 (9)

W1-2
UPSIZE TO ALLEVIATE 
SURCHARGING AND AT LEAST 
ONE OBSERVED OVERFLOW

(W1) FROM SOUTH OF CHISHOLM 
CREEK ON THE WEST SIDE OF N. 
WESTERN AVE, SOUTH THEN EAST 
ACROSS WESTERN TO ~500 FT WEST 
OF FALLBROOK AVE, 600 FT NO. OF 
COVELL RD. SEGMENT BETWEEN 
MANHOLES MH-218 AND MH-184

3,610 gpm/18" 8,381 gpm/24" U 1,343             540,000$                     98,000$                    33,000$                              671,000$                                2022 2032 8 FM #1 (9)

LS-4
REPLACEMENT OF EXISTING LIFT 
STATION EQUIPMENT FOR END 
OF USEFUL SERVICE LIFE

REPLACE PUMPING EQUIPMENT AT OAK 
TREE WEST LIFT STATION WITH NEW 
SUBMERSIBLE PUMPS, AND OTHE R 
ASSOCIATED IMPROVEMENTS

1,100 gpm 1,100 gpm -- 420,000$                     76,000$                    26,000$                              522,000$                                2025 2026 -- -- (16)

LS-5
REPLACEMENT OF EXISTING LIFT 
STATION EQUIPMENT FOR END 
OF USEFUL SERVICE LIFE

REPLACE PUMPING EQUIPMENT AT OAK 
TREE RESERVE LIFT STATION WITH 
NEW SUBMERSIBLE PUMPS, AND OTHE 
R ASSOCIATED IMPROVEMENTS

350 gpm 400 gpm -- 420,000$                     76,000$                    26,000$                              522,000$                                2025 2026 -- -- (15)

LS-6
EXISTING LIFT STATION 
EQUIPMENT REPLACEMENT

REPLACE PUMPING EQUIPMENT AT 
MEMORIAL RD LIFT STATION WITH NEW 
SUBMERSIBLE PUMPS, AND OTHE R 
MISC. SITE IMPROVEMENTS

80 gpm 80 gpm -- 340,000$                     62,000$                    21,000$                              423,000$                                2030 2031 -- -- (16)

8,560,000$                 1,545,000$              518,000$                            10,623,000$                         

Proposed 
Diameter (in.)

Length (ft) Construction Costs(3) Design(4) Construction(5) Total Program Costs DESIGN CONSTRUCTION

LS-7 650 gpm 10" M 6000 1,630,000$                  294,000$                  98,000$                              2,022,000$                             -- --

LS-8 550 gpm 8" M 6200 1,440,000$                  260,000$                  87,000$                              1,787,000$                             -- --

3,070,000$                 554,000$                 185,000$                            3,809,000$                           

77,000,000$         13,876,000$      4,634,000$                 95,510,000$                 
1ST-1 83 gpm 1ST EAST -- 8" N 3,463             360,000$                     65,000$                    22,000$                              447,000$                                -- -- (10)

1ST-2 97 gpm 1ST EAST -- 8" N 4,025             420,000$                     76,000$                    26,000$                              522,000$                                -- -- (10)

1ST-3 153 gpm 1ST EAST -- 8" N 1,840             190,000$                     35,000$                    12,000$                              237,000$                                -- -- (10)

1ST-4 174 gpm 1ST EAST -- 10" N 7,869             1,010,000$                  182,000$                  61,000$                              1,253,000$                             -- -- (10)

2ND-1 695 gpm 2ND EAST -- 10" N 6,194             800,000$                     144,000$                  48,000$                              992,000$                                -- -- (10)

2ND-2 333 gpm 2ND EAST -- 12" N 7,097             1,100,000$                  198,000$                  66,000$                              1,364,000$                             -- -- (10)

2ND-3 83 gpm 2ND EAST -- 8" N 4,933             510,000$                     92,000$                    31,000$                              633,000$                                -- -- (10)

2ND-4 132 gpm 2ND EAST -- 8" N 7,303             750,000$                     135,000$                  45,000$                              930,000$                                -- -- (10)

2ND-5 187 gpm 2ND EAST -- 8" N 5,271             540,000$                     98,000$                    33,000$                              671,000$                                -- -- (10)

2ND-6 222 gpm 2ND EAST -- 10" N 7,710             990,000$                     179,000$                  60,000$                              1,229,000$                             -- -- (10)

3RD-1 356 gpm 3RD EAST -- 12" N 5,628             870,000$                     157,000$                  53,000$                              1,080,000$                             -- -- (10)

3RD-2 696 gpm 3RD EAST -- 12" N 3,398             530,000$                     96,000$                    32,000$                              658,000$                                -- -- (10)

3RD-3 441 gpm 3RD EAST -- 10" N 9,365             1,200,000$                  216,000$                  72,000$                              1,488,000$                             -- -- (10)

3RD-4 104 gpm 3RD EAST -- 8" N 8,160             840,000$                     152,000$                  51,000$                              1,043,000$                             -- -- (10)

3RD-5 215 gpm 3RD EAST -- 10" N 4,524             580,000$                     105,000$                  35,000$                              720,000$                                -- -- (10)

3RD-6 321 gpm 3RD EAST -- 12" N 4,363             680,000$                     123,000$                  41,000$                              844,000$                                -- -- (10)

3RD-7 321 gpm 3RD EAST -- 12" N 120                20,000$                       4,000$                      2,000$                                26,000$                                  -- -- (10)

3RD-8 441 gpm 3RD EAST -- 12" N 2,282             360,000$                     65,000$                    22,000$                              447,000$                                -- -- (10)

CC-1 111 gpm COFFEE CREEK -- 8" N 6,189             640,000$                     116,000$                  39,000$                              795,000$                                -- -- (10)

CC-2 215 gpm COFFEE CREEK -- 10" N 8,035             1,030,000$                  186,000$                  62,000$                              1,278,000$                             -- -- (10)

CC-3 371 gpm COFFEE CREEK -- 10" N 4,811             620,000$                     112,000$                  38,000$                              770,000$                                -- -- (10)

CC-4 111 gpm COFFEE CREEK -- 8" N 4,492             470,000$                     85,000$                    29,000$                              584,000$                                -- -- (10)

CC-5 104 gpm COFFEE CREEK -- 8" N 6,338             650,000$                     117,000$                  39,000$                              806,000$                                -- -- (10)

E1-4 118 gpm E1 -- 8" N 6,545             680,000$                     123,000$                  41,000$                              844,000$                                -- -- (10)

E1-5 496 gpm E1 -- 10" N 7,200             930,000$                     168,000$                  56,000$                              1,154,000$                             -- -- (10)

E1-6 88 gpm E1 -- 8" N 5,901             610,000$                     110,000$                  37,000$                              757,000$                                -- -- (10)

E1-7 125 gpm E1 -- 8" N 4,209             440,000$                     80,000$                    27,000$                              547,000$                                -- -- (10)

E1-8 227 gpm E1 -- 10" N 364                50,000$                       9,000$                      3,000$                                62,000$                                  -- -- (10)

E2-3 133 gpm E2 -- 8" N 5,928             610,000$                     110,000$                  37,000$                              757,000$                                -- -- (10)

18,480,000$                3,338,000$               1,120,000$                         22,938,000$                           

Project Location (Sewer Subbasin)

1ST EAST (NEW LIFT STATION & FORCE MAIN)

2ND EAST (NEW LIFT STATION & FORCE MAIN)

CIP YEAR(6)

Total CIP (Does not include Priority Level C Projects for Developer):

Priority Level C CIP Projects

 Dependent upon actual timing of 
development in Subbasin 1st East. 
 Dependent upon actual timing of 

development in Subbasin 2nd East. 

Priority Level B CIP Projects

Priority Level C CIP Projects

CIP Project # Projected Capacity 

Pipeline Project Costs(2)

Comment

Priority Level C - FOR 
DEVELOPERS (NOT 
INCLUDED IN CIP)

Priority Level B  CIP 
Projects

Priority Level C  CIP 
Projects
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Table ES.11                         Collection System Short and Long Term CIP
Water and Wastewater System Master Plan
City of Edmond, Oklahoma

EXISTING PROPOSED DESIGN(4) CONSTRUCTION(5) DESIGN CONSTRUCTION FLOW (CFS) LOCATION

CAPITAL IMPROVEMENTS (WITH IPR) - NEAR-TERM AND LONG-TERM GROWTH AND SYSTEM OPERATION IMPROVEMENTS

COMMENT

CIP YEAR(6)
EDMOND COLLECTION 

SYSTEM CIP CIP PROJECT(1) # PROJECT LOCATION (SEWER SUBBASIN)

PUMPING OR FLOW 

CAPACITY/PIPE SIZE(15)

LENGTH (FT)

ENGINEERING
PROJECT COSTS(2)

TOTAL PROGRAM COSTS

SYSTEM TRIGGER(7)

PROJECT

CONSTRUCtiON 

COSTS(3)

NOTES:
1 Projects are irrespective of I/I reduction improvements.
2 Costs are presented in January 2013 dollars.
3 Construction costs include 50% estimating contigency.
4 Engineering Design includes Study, Preliminary and Final Design Engineering, Legal and Administrative fees, and is estimated as 18% of estimated construction costs.
5 Engineering Costs during construction are inclusive of resident inspection services. These costs are expected to be incurred during the construction CIP years, and are estimated at 6% of construction costs
6 Estimated CIP Year indicates Fiscal years in which majority of costs to be incurred. Design and construction of projects can occur within the range of years listed.

7

8 Upsize existing pipes with larger diameter pipe. Cost includes demolition of existing pipe for in‐place replacement with new pipe. Assumes open‐cut construction.
9 Install new pipe parallel to existing pipe.

10 FOR DEVELOPER, NOT INCLUDED IN CITY'S CIP. Install new piping to serve future, projected flows in existing and future subbasins.
11 Existing lift station capacity designed for Average Day flows, but new lift station designed to handle Max Day flows (reference: Spring Creek Lift Station Rehabilitation and Parallel Force Main Project Report (SRB/Carollo, 2010). Cost includes lining of the Overflow Storage Pond with Hypalon.
12 New lift stations to convey projected flows from subbasins for future development. Timing of projects dependent upon growth in the proposed area.
13 Construction of new lift station dictated by timing of new developers interest in the area.
14 Modifications to existing Chisholm Creek LS not required unless/until the City decides to stop diverting flow to OKC. LS modifications will allow the City to accept and store excess flows above station capacity
15 Listed capacities represent firm capacity of existing and new equipment. New equipment sized to handle projected average day flows at the firm capacity.
16 Recommendation for pumping equipment to be replaced, in kind, at end of equipment's useful service life.

M = FORCE MAIN
N = NEW
P = PARALLEL
U = UPSIZE
FM = FLOW MONITOR

The design should begin in the fiscal year following the period in which the trigger is attained. When the indicated flow rate (instantaneous) is observed at the respective location (FM=Flow Monitor) for a consecutive period of 3 rainfall events or more during a wet weather event, the recommended improvement should be implemented. A wet weather event is
defined as a period of time without 5‐days consecutive of dry weather.
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Table ES.12         Wastewater Treatment and Residuals Handling Short and Long Term CIP
Water and Wastewater System Master Plan
City of Edmond, Oklahoma

DESIGN(4) CONSTRUCTION(5)
DESIGN CONSTRUCTION

New Aeration Basin Splitter Structure

Addition of 3 new rotors to each existing Oxidation Ditches 
for Conventional ASP Aeration Basins

New Final Clarifier Splitter Structure

New Final Clarifier Basins (4) Nos. 5-8, with Common 
Return/Waste Sludge Pumping Station Nos. 2 and 3; 
includes demo of existing 1st Stage Clarifier and 2nd Stage 
Aeration Basins in Treatment Train #1
New Return/Waste Sludge Pumping Station No. 1 (in 
replacement of original existing station)

Conversion of Existing Chlorine Contact Basin to UV 
Disinfection

New Effluent Filter Splitter Structure
New Parallel Effluent Flow Metering Structure with NPW 
Pumping Facilities
New Aerated Solids Holding Basins, 4 qty
New Solids Dewatering Facility (Belt Filter Press) with PD 
Blowers for Aerated Solids Holding
New Maintenance Building

Miscellaneous Yard Piping and associated Electrical and 
Instrumentation & Controls improvements associated with the
Phase 1 expansion of the WWTP.

 $                        61,980,000  $          11,160,000  $                                3,720,000  $                       76,860,000 

New Aeration Basin No. 5

 $                        10,170,000  $            1,840,000  $                                   620,000  $                       12,630,000 

BNR Facilities: Anoxic Selector Basin, Mixed Liquor Recycle 
Pump Station, Blower Building

Ozone System

 $                        79,490,000  $          14,310,000  $                                4,770,000  $                       98,570,000 

Mixed Liquor Recycle Pump Station

New Blower Building

MISC-1 Odor Control Facilities for Solids Handling Facilities
BIOSOLIDS 
HANDLING

-- --

 $                        22,570,000  $            3,380,000  $                                1,370,000  $                       27,320,000 

Biofilter System

PHASE III

12.0 16.0  $                        10,170,000  $                       12,630,000 

Total Phase III Improvements

IPR Return Pumping Station, Including Force Main to Arcadia 
Lake, and new Outfall Structure

ADVANCED 
TREATMENT 

FOR IPR
12.0 16.0  $                        79,490,000  $          14,310,000  $                                4,770,000  $                       98,570,000 

PHASE II
 $            1,840,000  $                                   620,000 

Conversion of Effluent Filtration to Disk Cloth Filters

REU-1
TERTIARY 

TREATMENT
 $                          5,760,000  $            1,040,000  $                                   350,000  $                         7,150,000 

 $                          5,770,000 

Flocculation Basin -- 16.0

 $               350,000  $                                   350,000 Standby Power Generation
COMMON 
FACILITY

--

Reuse Pumping Station for Irrigation -- 4.0

MISC-2 --  $                         6,470,000 

--
Upon implementation of 

WW reuse
(17,19)

--

--

--

As required (17,18)

As required

--

 -- 
Upon initiation of nutrient 

removal reqmts
(17)

-- --

 $                          9,770,000  $            1,760,000  $                                   590,000  $                       12,120,000 
SECONDARY 
TREATMENT

2026 MMAD > 9.6 mgd (16)

2030 2035
UPON IMPLMENTATION 

OF IPR AT THE WTP
(20)

-- 16.0

CAPITAL IMPROVEMENTS (WITH IPR) - NEAR-TERM AND LONG-TERM GROWTH AND SYSTEM OPERATION IMPROVEMENTS

TREATMENT PLANT CAPACITY (MGD)(1)

EXISTING/     
PREVIOUS PROPOSED NOTES

7.0 12.0  $                        61,980,000 

PROJECTPROJECT DESCRIPTION

PHASED 
EXPANSION OF 
UNIT PROCESS

CIP PROJECT 
# SYSTEM TRIGGER(7)

TOTAL PROJECT

2014 2018 (8, 9, 10, 11, 12, 13, 14, 15)

CONSTRUCTION 
COSTS

PHASE I
MMAD > 5.6 mgd; or PH > 

9.6 mgd

ESTIMATED CIP YEAR(6)
EDMOND 

WWTP CIP

PROJECT COSTS(2)

ENGINEERING

New Headworks Facility (for parallel operation with existing)

 $          11,160,000  $                                3,720,000  $                       76,860,000 

Total Phase II Improvements:

Total Phase I Improvements:

New Anoxic Selector Basin

Total Future Improvements:

--

FUTURE

BNR-1

Expansion of UV Disinfection Facilities

 $                          1,270,000  $               230,000  $                                     80,000  --  $                         1,580,000 (17)

2025
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Table ES.12         Wastewater Treatment and Residuals Handling Short and Long Term CIP
Water and Wastewater System Master Plan
City of Edmond, Oklahoma

DESIGN(4) CONSTRUCTION(5)
DESIGN CONSTRUCTION

CAPITAL IMPROVEMENTS (WITH IPR) - NEAR-TERM AND LONG-TERM GROWTH AND SYSTEM OPERATION IMPROVEMENTS

TREATMENT PLANT CAPACITY (MGD)(1)

EXISTING/     
PREVIOUS PROPOSED NOTESPROJECTPROJECT DESCRIPTION

CIP PROJECT 
# SYSTEM TRIGGER(7)

TOTAL PROJECT
CONSTRUCTION 

COSTS

ESTIMATED CIP YEAR(6)
EDMOND 

WWTP CIP

PROJECT COSTS(2)

ENGINEERING

NOTES:
1 At Average (MMAD) flow conditions, unless otherwise noted.

2 Costs are presented in January 2013 dollars.

3 Construction costs include 50% estimating contingency for all CIP Projects.

4 Engineering Design includes Study-Phase, Preliminary, and Final Design Engineering services; as well as Legal and Administrative fees, and is estimated as 18% of estimated construction costs.

5 Engineering Costs during construction are inclusive of resident inspection services. These costs are expected to be incurred during the construction CIP years, and are estimated at 6% of construction costs.

6 Estimated CIP Year indicates Fiscal years in which majority of costs to be incurred. Design recommended when existing capacity reaches 80% of rated capacity. 

7 System trigger indicates that design should begin in the fiscal year following the period in which the trigger is attained.

8 Based on a re-rating of the existing secondary treatment process capacity for Final Clarifiers. According to current flows to the Coffee Creek WWTP, system trigger is already exceeded and improvements are recommended immediately.

9 Preliminary treatment facilities are sized based on PH flows. A new Headworks is recommended for immediate design & construction because of the inoperable grit removal system.

10 Aerated Solids Holding capacity based on 40-day HRT. 

11 Ancillary facilities/modifications recommended to accommodate proposed expansion of the WWTP Facilities.

12 Existing capacity of Oxidation Ditches based on recommended loading conditions under the Extended Aeration process. A higher capacity can be achieved under the current operating conditions, - some of which are outside of recommended values.

13 Clarifier capacity rating assumes largest basin out of service during average flow conditions; all basins in service under peak conditions.

14 New RAS/WAS Pumping Station recommended for better control of return and wasting rate than existing system.

15 Existing Chlorine capacity based on a 15-minute contact time, as regulated by ODEQ 252:656-21-1, at peak hourly flow.

16 Conversion to cloth disk filters recommended for more effective and efficient operation over existing media filters.

17 Facilities recommended as required by regulatory or other drivers, but could be implemented at any time, as necessary. However, if Phase III improvements occur before nutrient limits are implemented, this future phase of construction will not be necessary.

18 Costs of standby power generation will be highly dependent on which services/facilities are to be serviced by the power unit.

19 Costs for reuse distribution system at the application site(s) not included in the estimate.

20 Advanced treatment facilities recommended for augmenting Arcadia Lake for IPR. Prior to implementing, regulatory requirements for IPR should be thoroughly investigated. If BNR facilities are constructed prior to this phase of construction, those facilities can be eliminated. 

Abbreviations:

MMAD Maximum Month Average Day (Flow)

PH Peak Hour (Flow)

* Peak Conditions
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$90.00 

Assumptions:
• `Water and Wastewater CIP projects Scheduled in 

accordance with Table 7.5 and 7.6, respectively.
• Rehabilitation/replacement of water distribution and 

collection system pipelines in accordance with City Staff

$70.00 

$80.00 

collection system pipelines in accordance with City Staff 
Developed values from 2011.

• Does not include WTP , WWTP, Collection or Distribution 
system operating costs (fixed or variable).

• Does not include additional costs to meet Regulatory 
Requirements to satisfy Locational Running Annual 
Average TTHM concentrations (80 ug/L)

$50.00 

$60.00 

Average TTHM concentrations (80 ug/L).
• Includes I/I reduction projects  distributed evenly over the 

life cycle.
• All costs in 2013 dollars. 

$30.00 

$40.00 

CIP Cost (Millions)
Wastewater System

Water System
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FIGURE ES.15– ESTIMATED YEARLY CAPITAL EXPENDITURES 
WATER AND WASTEWATER CIP PROJECTS 
WATER & WASTEWATER SYSTEM MASTER PLAN

CITY OF EDMOND, OKLAHOMA



December 2013 - FINAL 1-1 
pw://Carollo/Documents/Client/OK/Edmond/8967A00/Deliverables/Ch01 

Chapter 1 

INTRODUCTION 

1.1 PROJECT PURPOSE AND SCOPE 

The City of Edmond, Oklahoma (City) has conducted several studies to assess the 
condition and capacities of its water and wastewater systems for future development. With 
recent growth in population, conservation practices, aging infrastructure, and increasing 
costs, it is necessary to re-evaluate the existing infrastructure systems to ensure system 
reliability to support the growth and development in the City. This Water and Wastewater 
System Master Plan (WWSMP) report serves to outline a comprehensive capital 
improvement program (CIP) for the water supply and treatment, water distribution, 
wastewater collection, and wastewater treatment systems, as well as a timeline for 
implementing recommended improvements to allow the City to maintain continued reliable 
service to its customers. 

The WWSMP provides a projection of future water demands and wastewater flows. It 
identifies capacity shortfalls and improvements required to deliver both maximum day 
demands and required fire flows from the City’s water treatment plant throughout the 
system service area, and convey both dry weather and wet weather flows to the wastewater 
treatment facilities. The WWSMP includes an evaluation the following water system 
elements: availability of raw water supply, water treatment capacity, distribution system 
reliability, and water quality analysis. The wastewater system elements evaluated include 
collection system capacity and reliability, and wastewater treatment capacity. The following 
paragraphs identify the purpose and the primary activities associated with each element of 
the WWSMP. 

1.1.1 Raw Water Supply 

Previous studies have evaluated the City’s existing raw water supply limits and evaluated 
means to supplement this supply to meet future projected demands. This information was 
used to confirm future water demands, establish existing supply capacity, and evaluate 
alternative supply scenarios to address future supply system limitations, including 
enhancements to the City’s existing conservation program for further reduction in per capita 
demands. A prioritized, phased, CIP for the development of raw water supply was 
developed. 

1.1.2 Water Treatment  

The existing water treatment facilities were evaluated to determine the hydraulic and 
process capacity limitations of these facilities. Based on this evaluation, alternative 
expansion and improvement options were analyzed for increasing treatment capacity to 
meet projected maximum day demands and to address current and future regulatory 
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requirements. A prioritized, phased, CIP for the expansion of the water treatment and 
residuals handling facilities was developed. 

1.1.3 Distribution System Capacity 

The adequacy of the existing distribution system was evaluated, and system improvements 
were identified to meet projected water demands. As part of this evaluation, the following 
tasks were performed: 

 A Geographical Information System (GIS) based computer model of the City’s water 
distribution system in InfoWater hydraulic analysis software was developed to include 
most pipes within the distribution system, and to expand the capabilities of the model 
to include extended period simulation (EPS) for water age and water quality analysis 
purposes. 

 The ability of the City's water distribution system to meet current and future water 
needs was evaluated, resulting in identification of hydraulic and storage deficiencies 
within the system.  

 Utilizing the EPS features of the model, a water age and water quality analysis was 
conducted on the existing and projected future conditions to identify areas of potential 
concern with current and anticipated regulations. A prioritized, phased, CIP that 
addresses improvements to meet future demands while maintaining water quality was 
developed. 

1.1.4 Collection System Capacity 

The City’s existing GIS based InfoWorks CS sewer collection system model was evaluated 
and updated with new flow monitoring information. Analysis and results of hydraulic model 
runs assisted in planning and prioritizing future CIP projects within the City’s sewer service 
area. The hydraulic model was used to simulate flows within the collection system under 
existing and future conditions. Under both planning scenarios, different storm events were 
routed through the model to estimate impacts to the collection system. 

1.1.5 Wastewater Treatment 

The existing wastewater treatment facilities were evaluated to identify hydraulic and 
process capacity limitations, and evaluate alternatives for expansion of or improvement to 
the existing facility to meet projected average, maximum month average day, and wet 
weather flows. Improvements needed to address anticipated regulations and potential 
future implementation of water reuse were evaluated. A prioritized, phased, CIP for the 
expansion of the wastewater treatment and residuals handling facilities was developed. 
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1.2 PREVIOUS PLANNING STUDIES AND REPORTS 

Several studies and reports have been prepared for the City with regard to expansion and 
capacity needs and limitations within the existing water and wastewater systems. These 
include data and information on population, demand, and flow projections, as well as 
recommended conservation programs. Many of these existing documents will be 
referenced for development of the water and wastewater CIP for the City, including the 
following: 

 Water and Wastewater System Master Plan – Technical Memorandum No. 2 Basis of 
Planning, Carollo Engineers, 2012 

 Oklahoma Comprehensive Water Plan – Central Region Watershed Planning Report, 
Oklahoma Water Resources Board, 2012 

 Preliminary Engineering Report for Spring Creek Lift Station Rehabilitation and 
Parallel Force Main Project, Smith Roberts Baldischwiler, and Carollo Engineers, 
2010 

 Coffee Creek Wastewater Treatment Plant Headworks Hydraulic Analysis TM, 
Carollo Engineers, 2010 

 Edmond Composting Evaluation Study, Coker Composting & Consulting, Hodges 
Environmental, and Oklahoma Composting Council, 2010 

 50 Year Water Supply Plan, CDM, 2009 

 Wastewater Collection Model, Black & Veatch, 2009 

 Edmond Plan IV, Wilbur Smith Assoc. and others, 2007 

 Northwest Complex, I-35 Complex, College Complex 2020 Master Plan 
Improvements, CDM 2007 

 Lift Station Evaluation TM, MWH, 2004 

 Coffee Creek Wastewater Treatment Plant Facility Evaluation and Plan, MWH, 2003 

 Water System Master Plan Year 2000 – 2020, CDM, 1999 

1.3 PLANNING AREA 

The study area for the WWSMP consists of the City’s water and sewer service areas, as 
shown on Figure 1.1. The service area for the two systems encompasses about 85 percent 
to 90 percent of the total City population (ref. Edmond Plan IV, Wilbur Smith Assoc., 2007).  
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1.4 REPORT ORGANIZATION 

A brief description of each of the report chapters is provided below. 

Chapter 1 – Introduction 

This chapter presents the purpose of this report, describes the project scope and study 
area, and discusses the content of each chapter of the report. 

Chapter 2 – Planning Framework 

This chapter summarizes the demand and flow projections, as well as planning criteria used 
in development of the CIP. 

Chapter 3 – Water Supply and Treatment 

This chapter describes the existing raw water supply and water treatment facilities, 
alternatives for future water supply options, and expansion alternatives for additional 
treatment and residuals handing capacity to meet future demands. 

Chapter 4 – Water Distribution System 

This chapter describes the existing distribution system, and identifies limitations of the 
existing system, as well as recommendations for strengthening system capacity and 
reliability. Water quality analyses are presented to identify locations within the system 
where compliance with existing and anticipated future water quality regulations may be a 
concern. The technical procedure used to develop the distribution system model is 
discussed. 

Chapter 5 – Existing Collection System 

This chapter discusses the existing collection system, the review and update of the existing 
hydraulic sewer model, and evaluation criteria and scenarios modeled to identify capacity 
limitations in the system. Improvement recommendations are discussed herein. 

Chapter 6 – Wastewater Treatment and Residuals Handling Baseline CIP 

This chapter discusses the existing wastewater treatment facilities, an evaluation of 
capacity limitations, alternatives for increasing system capacity, and recommended 
improvement projects. 

Chapter 7 – Capital Improvement Program 

This chapter provides planning-level cost estimates for the improvements recommended in 
Chapters 3 through 6. The CIP includes a phased implementation schedule for both short-
term and long-term improvements. 
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1.5 ABBREVIATIONS/ACRONYMNS 

AAD annual average day 

ADD average day demand 

ADWF average dry weather flow 

AF acre-feet 

AFY acre-feet per year 

AL Action Limit 

APN Assessor’s Parcel Number  

AWWA American Water Works Association 

BOD5 five-day biochemical oxygen demand 

BSF base sanitary flow 

CBOD carbonaceous biological oxygen demand 

CCL Contaminant Candidate List 

CCPP Calcium Carbonate Precipitation Potential  

CCTV closed circuit television 

CCWWTP Coffee Creek Wastewater Treatment Plant 

CFE  common filter effluent 

CIP capital improvement program 

CIPP cured in-place pipe 

COMCD Central Oklahoma Master Conservancy District 

D/DBPR Disinfectants/Disinfection By-Products Rule  

DIP ductile iron pipe 

DNA deoxyribonucleic acid 

DO dissolved oxygen 

DOC  Dissolved Organic Carbon 

DWF dry weather flow 
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EDC endocrine disrupting compounds 

EPS extended period simulation 

F:M food-to-microorganism ratio 

FEMA Federal Emergency Management Agency 

FIRM flood insurance rate map 

FSL facultative sludge lagoon 

ft feet 

ft/s feet per second 

GAC granular activated carbon 

GIS geographic information system 

gpad, gpd/ac  gallons per acre per day 

gpcd gallons per capita per day 

gpd gallons per day 

gpf gallons per flush 

gph gallons per hour 

gpm gallons per minute 

GWI  groundwater infiltration 

GWR Groundwater Rule  

GWUDI groundwater under the direct influence of surface water 

HDPE high density polyethylene 

HGL hydraulic grade line 

HP horsepower 

HRT hydraulic residence time 

I/I infiltration and inflow 

ID identification 

IESWTR Interim Enhanced Surface Water Treatment Rule  
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IOC inorganic chemical 

IPR indirect potable reuse 

lb pound 

LF linear feet 

LI Langelier Index  

LRAA  Locational Running Annual Average 

LS lift station 

MBR membrane bioreactor 

MCL Maximum Contaminant Level 

MCRT mean cell retention time 

MDD maximum day demand 

MG million gallons  

mg/L milligrams per liter 

mgd million gallons per day 

MLSS mixed liquor suspended solids 

MLVSS mixed liquor volatile suspended solids 

MMAD maximum month average day 

MOR Monthly Operating Report 

NDMA N-Nitrosodimethylamine 

NEMA National Electrical Manufacturers Association 

NPDES National Pollutant Discharge Elimination System 

O&M operating and maintenance 

OCWP Oklahoma Comprehensive Water Plan 

ODEQ Oklahoma Department of Environmental Quality 

OKC Oklahoma City 

OWRB Oklahoma Water Resources Board 
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PDWF peak dry weather flow 

PH peak hour 

PHD peak hour demand 

ppb parts per billion 

PPCP personal care and pharmaceutical products 

PRV pressure reducing valve 

psi pounds per square inch 

PVC polyvinyl chloride 

PWA Public Works Authority 

PWWF  peak wet weather flow 

R&R replacement and repair 

RAS return activated sludge 

RCP reinforced concrete pipe 

RDII rainfall dependent infiltration and inflow 

SCLS Spring Creek Lift Station 

SCS Soil Conservation Service 

SDWA Safe Drinking Water Act 

SMCL Secondary Maximum Contaminant Level 

SOC synthetic organic chemical 

SOP Standard Operating Procedure 

SOTR specific oxygen transfer rate 

SQ FT Square Foot/Feet 

SRT solids retention time 

SSES Sanitary Sewer Evaluation Survey 

SSO sanitary sewer overflow 

SSOAP Sanitary Sewer Overflow Analysis and Planning 
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SWD Side Water Depth 

SWS Sensitive Water Supply 

SWTR Surface Water Treatment Rule  

TCR Total Coliform Rule 

TKN total Kjeldahl nitrogen 

TN total nitrogen 

TOC total organic carbon 

TP total phosphorus 

TSS total suspended solids 

TTHM total trihalomethanes 

TTHMFP total trihalomethanes formation potential 

US EPA United States Environmental Protection Agency 

US United States 

USACE US Army Corps of Engineers 

UV ultraviolet 

VCP vitrified clay pipe 

VFD variable frequency drive 

VOC volatile organic chemical 

WAS waste activated sludge 

WSE water surface elevation 

WSP Edmond 50-Year Water Supply Plan (2009) 

WTP water treatment plant 

WWSMP Water and Wastewater System Master Plan 

WWTP wastewater treatment plant 
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Chapter 2 

PLANNING FRAMEWORK 

2.1 PLANNING PERIOD 

Capital planning for municipal utilities requires a combination of near-term detail and long-
term forecasts. Accordingly, in this Water and Wastewater System Master Plan (WWSMP), 
capital improvements were analyzed over a range of planning years. 

Long-term and short-term capital planning work together to ensure that the City can meet 
the needs of its customers reliably while maintaining a financially secure utility. 
Understanding long-term system requirements allows development of near-term 
improvement projects that are consistent with long -range plans for system expansion, 
rehabilitation, or replacement. With those precepts as the foundation for this WWSMP, the 
following planning years were analyzed for water and wastewater capacity needs: 

 Baseline conditions: 2012 

 5 years: 2017 

 10 years: 2022 

 15 years: 2027 

 20 years: 2032 

 30 years: 2042 

 Buildout 

The need for planning detail, along with the ability to project capacity needs, decreases the 
further out projections are made. For that reason, capacity needs were projected in 5-year 
increments through 2032, then in a 10-year increment out to the 30-year planning horizon 
for this WWSMP. Buildout conditions were assessed as a way to consider the near-term 
plans’ compatibility with ultimate infrastructure needs. 

All projections are contingent on planning uncertainties, and those uncertainties grow in 
later planning year horizons. Uncertainties can include factors such as population growth 
rates and locations, per capita water demands and wastewater production, the type and 
level of commercial and industrial activity in the service area, short- and long-term climate 
variability, and other factors – many of which are not under the City’s control. 

Therefore, this WWSMP sets anticipated years for capital improvements based on 
projections of capacity needs, but also sets flow-based and other “triggers” for capital 
improvements. Ultimately, it is the need for improvements or additional capacity driven by 
regulations and demands in the system, not the calendar year, that drives the timing of 
capital projects. Periodic updates of this WWSMP will add clarity and certainty as near-term 
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improvements are implemented, additional data become available, and uncertainties are 
resolved over time. 

2.2 WATER SYSTEM DEMANDS 

Water demand projections provide the basis for sizing and prioritizing improvements to the 
City’s existing water infrastructure. The location of demands and variations in demands are 
important in selecting proper facilities for dependable water service for the City’s customers. 

Modeling for potential treated water distribution system improvements was based on a 
forecast of treated water demand derived from anticipated population growth and the rates 
at which various categories of customers use water. Recent studies developed water 
demand projections to estimate the availability of adequate water supply to meet the needs 
of the community over the planning period, and to guide the selection and implementation 
of water supply sources. 

Baseline water demand projections for this WWSMP include both annual totals, often 
expressed in acre-feet per year (AFY) or annual average million gallons per day (mgd), as 
well as peak daily demands, usually expressed in mgd. Annual totals provide information 
regarding the amount of water needed from a water supply planning and annual operational 
perspective, while peak daily demands are used to size treatment, storage, and distribution 
infrastructure. Water demands are a function of population, per capita demand, and 
peaking factors. Baseline projections assumed that existing conservation practices and 
water savings would continue at their current rate. Additional conservation measures were 
evaluated as one of several ways to meet projected future demands, as detailed later in this 
section. 

2.2.1 Previous Projections 

Edmond has grown significantly since its incorporation as a city in 1889. Recent population 
growth has built on that trend, with United States (US) Census data showing population 
increasing from 68,315 in 2000 to an estimated 84,885 in 2012 – an increase of nearly 25 
percent in just 12 years. However, with fluctuations in the nation’s economy and other 
demographic and market drivers, rates of growth vary over time. For this reason, it is 
important to periodically revisit population and demand projections when planning future 
utility improvements. 

Population and water demand projections from previous studies were evaluated in an effort 
to establish baseline demand projections for developing the CIP for the water supply, 
treatment, and distribution systems. Ultimately, the demand projections from the City’s 50 
Year Water Supply Plan (CDM, 2009, referred to as the “WSP” or “50 Year WSP” 
throughout this section) were validated and used as the basis for planning in this WWSMP. 

The Edmond Plan IV report (Plan IV) is a long-range planning document for the continued 
development and growth of the City. Population projections accepted for use in the most 
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recent Plan IV report were adapted from the Edmond Transportation Plan report 
(C.H. Guernsey, 2007). Projections were presented in 5-year increments, beginning with 
the year 2000 through the year 2030. Population zones were also analyzed to determine 
what percentage of the total population would be served by the City’s public water system. 
The percentage of the population served varies slightly between planning years, but 
averages 88 percent of the total population through the year 2030 according to Plan IV. 

In May 2009, the 50 Year WSP to evaluate alternative water supply resources for meeting 
projected future demands through 2060. As part of that effort, the City used updated 
population projections to develop a water production forecast model. The regression model 
analyzed and accounted for the effects of precipitation and temperature, per capita demand 
trends, population projections, and water service area (as a percent of total Edmond 
population) on future water demands. The forecast model was calibrated to historical 
demands to verify its accuracy. 

Completed in early 2012, the Oklahoma Comprehensive Water Plan (OCWP) Central 
Watershed Regional Planning Report (Oklahoma Water Resources Board [OWRB], 2012) 
used the City’s WSP projections of population growth in the Edmond Public Works Authority 
(PWA) service area. Demand projections in the OCWP were developed using a consistent 
statewide approach, aimed primarily at assisting smaller communities that may not have 
developed their own water demand forecasts. The OCWP approach is far more simplistic 
than that used in the City’s 2009 WSP, and was not intended to supersede more detailed 
local planning. 

The WSP presents the most thorough demand projections developed for the City in recent 
years. Because these projections were completed just four years ago using advanced 
modeling techniques, these projections were validated for potential use as the baseline 
demand projections for this WWSMP, as described in Section 2.2.2. 

2.2.2 Validation of Water Demand Projections 

2.2.2.1 Population Projections 

To validate the population projections used in the City’s 2009 WSP, the 2010 U.S. Census 
estimate of total Edmond population was compared to the 2010 population projection from 
the WSP. The U.S. Census reported a City population of 81,405 in 2010, which is within 
1 percent of the population estimated for 2010 in the 2009 report (81,180). Although 
population projections carry inherent uncertainty, the projection made in the 2009 WSP 
report was accurate. Based on this finding, and in lieu of more recent updates of population 
projections for Edmond, the WSP population projections and estimates of the percent of 
total City population in the service area were used as the basis of demand forecasts for this 
WWSMP. 
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For the current WWSMP, population projections from the WSP decadal forecast were 
interpolated for the 2012 through 2042 planning years, assuming linear growth between 
decades. These projections are shown in Table 2.1. 
 

Table 2.1 Baseline Water Demand Population Projections 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Year 
Total Population, 
City of Edmond 

Percent of City Population 
with City Water Service 

Water Service Area 
Population 

2012 84,180 84.9 71,469 

2017 91,680 85.2 78,066 

2022 99,180 85.4 84,700 

2027 106,680 85.7 91,371 

2032 114,180 85.9 98,081 

2042 129,180 86.4 111,612 

Notes: 

(1)  All values interpolated from 50 Year WSP (CDM, 2009). 

2.2.2.2 Per Capita Demands 

Per capita demands can be used in conjunction with population projections to forecast 
demands throughout the planning period. Per capita demands can vary from year to year 
and from one community to another, depending highly on climatic conditions, land use 
patterns, and customer demographics in the service area. Per capita demands and trends 
in per capita demands can be estimated from historical data, which can then form the basis 
for per capita demand assumptions for future years. 

The calibrated demand model used in the WSP did not explicitly use a per capita demand 
method to forecast demands. However, one way of validating those projections is to back-
calculate the equivalent per capita demands in the WSP demand forecast and compare 
them to the City’s recent per capita demands and trends in those demands. 

Per capita demands can be estimated from historical population and demand data by 
dividing the historical demand by the service area population in the respective year. As 
such, this approach inherently incorporates all demands in the service area, including 
residential indoor use, residential outdoor use, and all commercial and industrial use by 
customers on the City’s distribution system. When calculated based on total water 
production – before entry into the City’s distribution system – the per capita demands 
inherently include water that is lost in the distribution system to a variety of potential causes 
(i.e., water that is produced but not metered). This water is sometimes referred to as 
unaccounted-for water or non-revenue water. Expressed in terms of gallons per capita per 
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day (gpcd), the per capita demand value represents an annual average rate of use (i.e., the 
Average Day Demand or ADD on a per capita basis). 

Historical per capita demand values were calculated for 2006 through 2010 using the City’s 
production data, interpolations from 2000 and 2010 U.S. Census population data for the 
City, and estimates of the percent of the City’s population that is served by the its water 
system. An estimate of 2011 per capita demand was also prepared, using an assumed 
service area population for 2011 based on 2000-2010 growth rates. Those results are 
compared to per capita demands that were calculated from the WSP demand forecast in 
Figure 2.1. 

Per capita demands from recent years span a wide range of climatic conditions in Edmond. 
The years 2006 and 2011 were recorded as record or near-record dry years, while 2007 
was one of the highest-precipitation years in recent decades. This is reflected in the per 
capita demand values shown in the figure, with 2006 and 2011 values higher than other 
years (exceeding 170 gpcd), and values for 2007 through 2010 near 150 gpcd. In 
comparison, the WSP projections begin with a per capita demand of 174 gpcd in 2010. It is 
prudent to use a conservatively high per capita demand for projections, to provide sufficient 
water for a drier or hotter year, when demands are typically higher. 

Many communities plan for potential future changes in the types of demands in their service 
area. By increasing the assumed per capita demands over time, the City will be prepared 
for any changes in the types of demand within the City’s service area, such as potential 
service to new industries or other changes in commercial and industrial water use that 
could drive per capita demand up over time. The rate of increase in per capita demand 
corresponding to the WSP ADD projections diminishes over time, ranging from about a 
1 gpcd increase per year (0.55 percent per year) in the 2010-2020 planning period to about 
a 0.7 gpcd increase per year (0.33 percent per year) in the 2050-2060 planning period. 

This analysis validates the per capita demands in the WSP, which has per capita demands 
in 2010 matching recent drier years’ per capita demands, and increasing per capita 
demands over time to provide a planning reserve for potential changes in the City’s 
customer base. The water demand projections from the 50 Year WSP were therefore used 
in the WWSMP. Additional conservation is evaluated in this WWSMP, among other supply 
options for meeting future water demands. 
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FIGURE 2.1 
 

CITY OF EDMOND, OKLAHOMA 
WATER AND WASTEWATER SYSTEM MASTER PLAN 

*2006 and 2011 were dry years. 2007 was a wet year. 
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2.2.2.3 Peaking Factor 

Water use/demand varies with the time of year and the time of day, as well as land use 
type. For residential areas, peak hourly demands are typically realized during the morning 
when people are preparing for work and in the evenings when returning home. In industrial 
areas, peak hour demands frequently are experienced during work hours. Communities like 
Edmond, where demands are driven largely by residential water use, tend to have a higher 
seasonality to their demand – with outdoor water use comprising a significant proportion of 
the annual demand. This, in turn, causes daily demands in the peak summer irrigation 
season to be significantly higher than daily winter demands, which then governs the sizing 
of water treatment and distribution infrastructure. 

To account for these variations in demand, peaking factors are used. For this WWSMP, a 
daily peaking factor was calculated as the ratio of the maximum day demand (MDD) in a 
calendar year to the ADD in that same calendar year. The selected peaking factor is 
applied to future ADD projections to approximate peak demands that can be expected in 
future planning years. Like per capita demand values, peaking factors are unique to the 
types of demands and use patterns in each community. Peaking factors can and often do 
change over time, reflecting water conservation practices and trends in the types of 
development and demand in the service area. 

The MDD is the highest daily water production rate during the year. The MDD was identified 
for each year of available data from the City (years 2006 – 2011), and divided by the ADD 
of the corresponding calendar year to obtain the peaking factor for each year (Figure 2.2). It 
is notable that the recent, drier years – those with the higher per capita demands (2006 and 
2011) – had the lowest peaking factors. This suggests a pattern of more consistent, 
intensive outdoor water use during low-precipitation years. 

The WSP used a peaking factor of 2.2, based on previous studies. The 2006 through 2011 
data suggest that a peaking factor of 2.2 is within the range of actual peaking factors 
experienced in Edmond. This analysis validates the peaking factor used in the WSP. 
Recognizing that peaking factors can reach as high as 2.2, and have reached that value as 
recently as 2009 but do not exhibit a clear long-term trend, a peaking factor of 2.2 will be 
used to forecast future maximum day demands throughout the planning period. 
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FIGURE 2.2 
 

CITY OF EDMOND, OKLAHOMA 
WATER AND WASTEWATER SYSTEM MASTER PLAN 
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2.2.3 Baseline Water Demand Projections 

The annual average and maximum day demand projections for the WWSMP planning 
period of 2012 – 2042 are summarized in Table 2.2 and shown in Figure 2.3. These 
projections reflect the population projections, per capita demands, and peaking factor 
discussed above.  
 

Table 2.2 Baseline Water Demand Projections 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Year 
Average Day 

Demand (mgd)1 

Maximum Day: 
Average Day 

Peaking Factor 
Maximum Day 
Demand (mgd) 

Per Capita 
Demands (gpcd)2 

2012 12.6 2.2 27.8 176.6  

2017 14.2 2.2 31.2 181.5  

2022 15.7 2.2 34.6 185.8  

2027 17.3 2.2 38.2 189.8  

2032 19.0 2.2 41.8 193.5  

2042 22.4 2.2 49.3 200.9  

Buildout 29.1 2.2 64.0 NC2 

Notes: 
(1) Values interpolated from 50 Year WSP (CDM, 2009) decadal projections. 
(2) Calculated and interpolated from 50 Year WSP decadal AAD and population projections shown 

in Table 2.1. 
(3) Not calculated. 

The population, per capita demands, and peaking factors from the WSP were validated 
using recent years’ data (Section 2.2.2). Therefore, values were interpolated from the WSP 
decadal projections, without modification of the decadal projections. These projections were 
subsequently used in the development of the City’s Capital Improvement Programs (CIPs) 
for water supply, treatment, and distribution systems. The WSP also provided a “high 
range” and “low range” estimate for each of its planning year demand forecasts, estimated 
as plus or minus one standard deviation from the base forecast. The range included plus or 
minus about 1.3 mgd from the base forecast in 2010 up to plus or minus about 3.2 mgd 
from the base forecast in 2060. Future deviation from the base forecast is inevitable. 
Realization of the high or low forecasts instead of the base forecast could potentially shift 
the timing of the need for water infrastructure projects by about 5 years in the 2020 
timeframe, or about 10 years by the 2060 planning horizon.
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CITY OF EDMOND, OKLAHOMA 
WATER AND WASTEWATER SYSTEM MASTER PLAN 
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Projections of buildout population and water demand were not available from previous 
planning efforts. An analysis of developable area within the Edmond city limits and 
population densities was conducted to estimate buildout demands. Applying the average 
population density of currently developed land (approximately 1,600 persons per square 
mile) to anticipated future land use (about 90 square miles) suggests that Edmond’s 
buildout population may be approximately 147,000. If 90 percent of the population is served 
by City water and per capita demand eventually reaches 220 gpcd (based on extrapolation 
of per capita trends in Table 2.2 to the early 2060s), the ADD at buildout would be 
approximately 29 mgd. This aligns closely with the WSP demand projection for 2060. 
Therefore, WSP 2060 demand projections were assumed to be equal to buildout demand 
conditions for purposes of this WWSMP. 

2.3 ROLE OF WATER CONSERVATION AND REUSE 

The City has established a strong water conservation program and enhanced it in recent 
years, instilling a “conservation culture” in the community. Those conservation programs 
and savings are incorporated into the baseline water demand projections described above. 

Conservation measures are permanent activities that result in water savings every year. In 
contrast, drought management measures generally are employed only when needed in 
response to supply shortages. The City has an existing conservation plan and conservation 
program that includes public education, conservation tips on its website, bill inserts, leak 
reporting, metering, an increasing block tiered rate structure, and residential audits. It can 
implement drought management when needed, including outdoor water use restrictions.  

The City seeks to implement additional conservation measures to further offset increasing 
demands and make more efficient use of its existing and future water supplies. 
Conservation and reuse programs were considered as part of the master planning process 
for this WWSMP, as described below. 

2.3.1 Additional Water Conservation 

Conservation measures can be categorized as either passive or active measures. Passive 
conservation is defined as those efforts that will occur without action by the City, and are 
driven by regulatory and code requirements. Much of the passive conservation savings are 
a result of the U.S. Energy Policy Act of 1992, which established national plumbing codes 
requiring a maximum flush rate for toilets and other water fixtures nationwide. Passive 
conservation will occur over time. Since manufacturers only produce equipment and 
systems with a greater efficiency than older models, low-flow fixtures are installed in all new 
construction and are installed in existing homes and businesses as older fixtures are 
replaced. 

The baseline water demand projections presented in this report do not include estimated 
savings for passive conservation beyond 2012, but do reflect passive conservation savings 
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achieved through 2012 and active conservation programs already implemented by the City. 
Conservation measures have the potential to defer the implementation of CIP projects 
based on their potential to reduce water demands. Estimated savings with passive 
conservation measures as well as proposed additional active conservation measures are 
examined below. 

2.3.2 Passive Conservation 

As part of the 2012 OCWP update, passive conservation savings were projected for each 
county in Oklahoma using passive conservation savings model. Conservation savings 
estimated by county, based on data available from various sources and surveys conducted 
by the OWRB, were applied to the demand forecast to predict conservation savings. The 
conservation model was not broken down by city or providers within each county. 
Therefore, for this WWSMP, it was assumed that the estimated passive conservation 
savings for each water provider is proportional to the provider’s service area population 
relative to the total service population of the county. 

To assess the projected savings estimated for Edmond, population projections for all of the 
providers within Oklahoma County were compared with the estimated population 
projections for the Edmond PWA. Based on this analysis, the service area population in 
Edmond was determined to be 10 percent of the total service population in Oklahoma 
County. It was thus assumed that the City would realize 10 percent of the passive 
conservation savings estimated for Oklahoma County. Annual increases in passive 
conservation savings taper off in the later years of the planning horizon, as it is assumed 
that eventually, nearly all of the older, higher-flow fixtures have been replaced. 

Conservation savings for Oklahoma County and the City of Edmond are summarized in 
Table 2.3. Conservation savings were estimated for both residential and non-residential 
public supply systems. The total of these savings was used to estimate passive 
conservation savings for Edmond. Decadal projections of passive conservation savings 
derived from the OCWP were interpolated for the WWSMP planning years, then deducted 
from baseline demand projections to determine the net demand in each planning year for 
purposes of water supply, treatment, and distribution planning. Net demand is summarized 
in Table 2.4. Passive conservation savings are included in all WWSMP analyses. 

2.3.3 Active Conservation 

Active conservation involves the development and implementation of specific programs that 
the City chooses to implement or promote. The City is implementing several active 
conservation programs as described above, such as public education and tiered rate 
structures. Watering restrictions can also be used to manage demands during droughts or 
other supply shortages. 
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Table 2.3 Estimated Passive Conservation Savings in Decadal Intervals 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Year 

Passive Conservation Savings 
for Oklahoma County (annual 

average mgd)(1) 

Passive Conservation 
Savings for City of 
Edmond (mgd)(2)(3) 

2020 7.92 0.80 

2030 13.85 1.40 

2040 14.33 1.45 

2050 14.67 1.48 

2060 15.02 1.51 

Notes: 

(1) Source: OCWP 2012 
(2) Savings for City of Edmond assumed to be 10 percent of total Oklahoma County savings based 

on Edmond’s proportion of population served by public water systems in Oklahoma County. 
(3) Savings shown are in addition to existing conservation savings. 

 

Table 2.4 Net Demand with Passive Conservation Savings 
Water and Wastewater System Master Plan 
City of Edmond 

Year 

Passive Conservation 
Savings (annual 
average mgd)(1) 

Net Average Day 
Demand  
(mgd)(2) 

Net Maximum Day 
Demand  
(mgd)(3) 

2012 0.16 12.5 27.6 

2017 0.56 13.6 30.6 

2022 0.92 14.8 33.7 

2032 1.40 17.6 40.4 

2042 1.45 21.0 47.9 

Buildout 1.51 27.6 62.5 

Notes: 

(1) Savings shown are in addition to existing active and passive (pre-2010) conservation savings. 
(2) Net Average Day Demand = AAD (Table 2.2) minus passive conservation. 
(3) PF = 2.2 (see section 2.2.2.3) 

2.3.3.1 Previous Conservation Analyses 

The WSP identified a two-tiered active conservation approach that has the potential to 
produce water use reductions as well as costs savings for the City. The first tier of 
conservation efforts presented in the report (Level I) estimates a 5 percent improvement in 
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efficiency of indoor water use, and 10 percent efficiency in outdoor water use. This equates 
to an approximate savings of 1 mgd for indoor and 1 mgd for outdoor water usage by the 
year 2060. 

Based on a review and analysis of similar conservation programs throughout the U.S., it 
was reported that the Level I programs listed below can be implemented and administered 
for $0.20 or less per gallon per day of water savings. These costs were compared to other 
supply options in the WSP. Specific Level I programs identified to save costs include: 

 Distribution of water conservation education and awareness material to customers 
and in schools. 

 Distribution of dye tablet kits with instructions for detection and correction of leaky 
toilets. 

 Provide instructions to customers on proper setting adjustments of irrigation 
controllers. 

 Distribution of moisture sensors for use with irrigation controllers. 

 Provide water audits of residential customer properties on request, and target high 
water using customers 

The Level II conservation approach estimates an additional 5 percent increase in efficiency 
with the implementation of programs, such as those listed below: 

 Provide rebates for installation of dual-flush toilets. 

 Provide rebates for water efficient clothes washers. 

Implementation of the Level II programs was estimated to cost $0.50 or less per gallon per 
day of water savings. 

A summary of the expected forecast of costs and savings for implementation of the 
conservation programs described above, as presented in the WSP, are shown in Table 2.5. 

2.3.3.2 Conservation Program Implementation 

Implementation of conservation programs is contingent upon adoption by the users in the 
community. As part of the development of the WWSMP, specific new conservation 
programs were discussed with the City, building on the findings of the WSP. Several were 
identified as components that the City should investigate further for implementation. These 
decisions were guided in part by an analysis of how water is used in the City’s service area 
and on a qualitative assessment of the types of conservation programs that would be most 
likely to succeed in Edmond. Figure 2.4, Figure 2.5, and Figure 2.6 show the indoor and 
outdoor water use ratios based on recent years’ data from Edmond and other typical water 
use information. Notably, a pattern is evident where the City’s overall peaking factor 
(maximum day demand for the year divided by annual average daily use) is lowest in 
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drought years (e.g., 2006, 2011), when the estimated outdoor use is highest. This suggests 
that reductions in outdoor use, often a key goal of municipal water conservation programs, 
can help reduce overall water use but may not have as significant an impact on peak daily 
demands as might otherwise be expected. 
 

Table 2.5 Estimated Conservation Program Forecast, Costs & Savings 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Year Level I Savings/Cost(1) Level II Savings/Cost(1) Total Savings/Cost(1) 

2010 0.8 mgd/$160,000 0.4 mgd/$200,000 1.2 mgd/$360,000 

2020 1.0 mgd/$200,000 0.5 mgd/$250,000 1.5 mgd/$450,000 

2030 1.2 mgd/$250,000 0.6 mgd/$300,000 1.8 mgd/$550,000 

2040 1.5 mgd/$300,000 0.7 mgd/$360,000 2.2 mgd/$660,000 

2050 1.8 mgd/$350,000 0.8 mgd/$420,000 2.6 mgd/$770,000 

2060 2.0 mgd/$410,000 1.0 mgd/$480,000 3.0 mgd/$890,000 

Notes: 
(1) Source: 50 Year WSP (CDM, 2009) 

Based on input from the City, the following active conservation measures are 
recommended for further investigation and implementation, complementing and building on 
the conservation programs the City has already implemented: 

 Education: 

– Implement a water efficiency public education program using available 
materials from the American Water Works Association (AWWA), building on 
recent successful campaigns like the City’s recycling campaign 

– Create links on City’s website to water efficiency websites (e.g., AWWA, United 
States Environmental Protection Agency [US EPA]) 

– Include toilet dye tablets and instructions with water bills, for customers that 
receive hard copy bills. 

– Add a line on customers’ water bills that shows the estimated monthly portion of 
the bill (in gallons and dollars) associated with outdoor water use. 
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 Rebates: 

– Offer rebates for dual-flush toilets and/or 1.28 gallons per flush (gpf) toilets (per 
US EPA WaterSense standards). 

– Offer rebates for efficient sprinkler head retrofits. 

– Offer rebates for rain/freeze switches in existing systems. 

– Offer rebates for pressure reducing valves (PRVs) at residential meters in areas 
of high system pressure, modeling the program after other communities’ 
successful programs (e.g., Austin, Texas). 

 Ordinances and policies: 

– Require rain/freeze switches for all new irrigation systems via new ordinance. 

– Investigate use of a “steeper” inclining block rate structure at next rate analysis, 
increasing the cost of higher water-use block rates to incentivize efficient water 
use. 

– Retrofit existing City facilities to ultra-low flow fixtures (urinals, toilets, faucets); 
consider setting a standard for City facilities based on California’s high-
efficiency standards. 

 Audits: 

– Screen billing records to flag sudden increases in water use, and send 
notifications to check for leaks. 

– Screen billing records for consistent very high water users, and send notices 
asking if they would like an indoor/outdoor water audit. 

Detailed estimates and phasing of additional conservation water savings were not 
developed in this WWSMP. However, it is anticipated that these measures, together with 
anticipated passive water conservation savings, can assist the City in at least achieving the 
additional Level I savings (described earlier), and possibly achieving or approaching the 
Level II savings. 

As an initial assessment of the potential value in screening billing data for high water use 
and potential audits, approximately 27,000 customers’ 2011 water use data were evaluated 
as part of this WWSMP. Those analyses illuminated key aspects of customers’ water use, 
summarized below. 

 Ratio of Summer gallons per day (gpd) to Winter gpd: 

– 5 percent of customers (1,362 customers) had seasonal demand factors 
between 9.3 and 2100. 

– Combined annual average use for those customers was 1.17 mgd, or 
9.5 percent of total demand. 
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 Total Demand (excluding "Flush Meter"): 

– 5 percent of customers (1,362 customers) used between 1,134 gpd and 
41,669 gpd annual average. 

– Combined annual average use for those customers was 3.42 mgd, or 
27.7 percent of total demand. 

 Highest Per-Account Summer Use: 

– 5 percent of customers (1,362 customers) used between 1,896 gpd and 
75,570 gpd summer average. 

– Combined summer average use for those customers was 5.04 mgd, or 
28.4 percent of summer demand. 

– Combined annual average use for those customers was 3.8 mgd, or 
30.8 percent of total demand. 

 Highest Per-Account Winter Use: 

– 5 percent of customers (1,362 customers) used between 532 gpd and 
166,607 gpd winter average. 

– Combined winter average use for those customers was 2.36 mgd, or 
34.7 percent of winter demand. 

– Combined annual average use for those customers was 2.82 mgd, or 
22.8 percent of total demand. 

For these analyses, winter use was defined as November through January, and summer 
use was defined as June through August. These analyses confirm that the top 5 percent of 
customers use upwards of 25 percent of the total annual water demand, with seasonal peak 
demands following the annual trends. Although there are many potential reasons for these 
results, they suggest that there may be some potential for reducing demands through water 
use audits. 

Implementation of the additional conservation measures should be phased in over time, as 
not all measures can be adopted immediately, and assumptions will need to be made 
regarding the percent of the City’s customer base that will adopt each measure. These 
“saturation percentages” will increase over time, and should be updated as part of future 
water supply planning and conservation planning efforts. Moreover, implementation of new 
conservation programs should be coordinated with implementation of new or expanded 
water supply sources and monitored for their effectiveness, to ensure that the City has a 
reliable plan for meeting its projected demands in each planning year. 

The City has an existing budget for implementing conservation programs that is currently 
under-utilized, though a new rain barrel program has been introduced. Incorporation of 
water audits with the City’s energy audits has also been evaluated as a possible measure 
toward assessing the need and benefit of implementing conservation programs.  
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There are uncertainties in which specific new active conservation programs will be 
implemented and embraced by the community. Therefore, passive conservation savings 
were assumed to occur in all WWSMP analyses, but it was conservatively assumed that no 
additional active conservation savings are certain. To the degree that new active 
conservation measures are implemented and effective in reducing demands, the timing of 
capital improvement projects for water supply, treatment, and distribution may shift toward 
later years. The CIP presented later in this WWSMP includes flow-based and other triggers 
that allow for flexibility in the timing of needs, as that timing could be affected by 
conservation successes, rates of growth in the community, climate, and other factors. 

2.3.4 Role of Potable & Non-Potable Reuse 

Reuse of treated effluent from wastewater treatment plants (increasingly referred to 
nationally as “water reclamation facilities”) is commonplace throughout the southern and 
western U.S., and increasingly becoming a key element of Oklahoma communities’ water 
supply portfolios. Regulations for non-potable reuse applications were promulgated by the 
Oklahoma Department of Environmental Quality (ODEQ) in 2012. Those regulations 
establish clear and consistent requirements for a range of non-potable uses. 

ODEQ is under legislative directive to develop regulations for augmentation of potable 
surface water supply sources with reclaimed water. Augmenting potable supply sources 
with reclaimed water is often referred to as indirect potable reuse (IPR), where the “indirect” 
designation refers to the augmentation of a surface water or groundwater source that is 
subsequently diverted and further treated for potable supply. IPR is increasingly being used 
in water-stressed areas of the country.  

ODEQ is not currently developing regulations for recharge of groundwater supplies with 
reclaimed water (another form of IPR) or direct potable reuse. Direct potable reuse does not 
include discharge to a separate groundwater or surface water body, sometimes referred to 
as an “environmental barrier” where dilution and natural attenuation of certain parameters 
can occur before it is diverted from that water body for further treatment to potable 
standards. Instead, direct potable reuse uses advanced treatment technologies to bring the 
reclaimed water to potable standards. Direct potable reuse is being planned or 
implemented in a small handful of communities in the U.S., but brings significant additional 
risks and operational considerations relative to non-potable reuse or IPR. 

The City recently studied the feasibility of implementing a potential non-potable reuse 
treatment and distribution system (APAI, 2012). That study concluded that while such a 
system would be technically feasible and implementable, it would be costly on a unit water 
supply basis (as an offset of potable demands). Moreover, it would be dominated by 
seasonal irrigation demands, leaving a significant amount of unused reusable supply in the 
winter. Consequently, the City has opted not to move forward with a non-potable reuse 
system in the near-term. 
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IPR via augmentation of Lake Arcadia with reclaimed water has the potential to be a cost-
effective and efficient way of using locally available water resources while increasing the 
reliable or “firm” yield of the lake for potable supply. However, there are significant 
implementation considerations from a technical, cost, and regulatory perspective. Chief 
among these is the state designation of Lake Arcadia as a Sensitive Water Supply source, 
a designation that has historically served essentially as a ban on discharges from 
wastewater treatment facilities or other point sources into the lake. The water supply 
scenarios considered in this WWSMP offer a path forward that would take full advantage of 
IPR via augmentation of Lake Arcadia, if approved by the state in the future. If IPR is not 
not approved by ODEQ by the time the City needs additional supplies, this WWSMP offers 
an alternative path for reliable water supply. 

2.4 WASTEWATER FLOW PROJECTIONS 

Different methods are available for estimating base sanitary flow. Two methods that can be 
used to develop projected flows are the application of flow-per-acre factors, and use of per 
capita flow factors. The per capita flow approach is generally based on population 
projections and sanitary flow generation rate per person, whereas the flow-per-acre 
approach is based on area for each land use type and determined flow factors for each land 
use type. Validation of either estimation method is determined by comparing the results for 
estimated flows with the flows measured during the flow monitoring analysis. 

2.4.1 Population Projections 

As previously discussed, population projections for the City in the WSP were assumed to 
be valid based on the accuracy of the estimation for the year 2010 in comparison with the 
2010 U.S. Census population data. Estimates for percentage of the population within the 
City’s service area were interpolated and extrapolated from the service population 
percentages in the Edmond Plan IV document. The projected values, based on a service 
population of 84-93 percent of the City’s population, within the planning horizon for this 
WWSMP project are listed in Table 2.6 below. The variation in percent served by the City 
can be attributed to the area(s) in which growth is expected to occur over the respective 
time period. 
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Table 2.6 Baseline Wastewater Population Projections 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Year 
Total City 

Population(1) Service Area Pop. 
Percent Served by 

the City(2) 

2012 84,180 70,754 84.1 

2017 91,680 79,024 86.2 

2022 99,180 87,002 87.7 

2027 106,680 97,430 91.3 

2032 114,180 106,699 93.4 

2042 129,180 109,930 85.1 

Notes: 
(1) Population projections estimated from projections in the 50 Year WSP (CDM, 2009). 
(2) Service population percentages interpolated/extrapolated from data in the Edmond Plan IV 

document. 

2.4.2 Wastewater Flow Projections 

With establishment of the population projections, wastewater flow projections can be 
determined by multiplying the projected population by a per capita flow rate, or flow 
contribution per person. To evaluate the appropriate per capita flow rate to use for 
projecting future flows, historical data with estimated population data were used. The 
average wastewater flow measured at the wastewater treatment plant (WWTP) for 2010 
was divided by the wastewater service area population for 2010. (The 2010 service area 
population assumes 85 percent of the City’s population as provided by the 2010 U. S. 
Census.) The average flow to the WWTP in 2010 was 7.0 mgd; and the estimated service 
population for 2010 was 69,194. This results in an average per capita flow factor of 101 
gpcd. This flow factor corresponds with typical per capita flow rates for similar utilities in the 
region. 

To validate this factor, the per capita flow factor was applied to the estimated service 
population for 2012, resulting in an estimated flow to the WWTP of 7.15 mgd. Measured 
flows at the WWTP between 2011 and May 2012 averaged 7.45 mgd, which is within 
5 percent of the calculated value. Thus, the 101 gpcd flow value was applied to the 
projection populations to project future annual average day (AAD) flows to the WWTP 
throughout the planning horizon (Table 2.7). 
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Table 2.7 Baseline Wastewater Flow Projections 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Year AAD Flow (mgd)(1) MMAD:AAD Ratio MMAD Flow (mgd) 

2012 7.15 1.33 9.50 

2017 7.98 1.33 10.62 

2022 8.79 1.33 11.69 

2027 9.84 1.33 13.09 

2032 10.78 1.33 14.33 

2042 11.10 1.33 14.77 

Buildout(2) 12.0 1.33 16.0 

Notes: 

(1) AAD flow values based on an average per capita flow rate of 101 gpcd. 
(2) See Section 2.4.3 for methods used to estimate buildout flow. 

Most treatment processes at WWTPs are sized based on an average of the maximum 
monthly average flow as shown by historical flow data. The maximum month average day 
(MMAD) flow is estimated by applying an MMAD:AAD factor to the projected AAD flows. 
Based on historical (2000 – 2011) flow data at the Coffee Creek WWTP (CCWWTP), the 
average MMAD:AAD flow ratio is 1.13. To provide a conservative basis for evaluation, an 
MMAD:AAD peaking factor of 1.33 is recommended. This value is consistent with average 
flow ratios for similar sized facilities in the region. Peak hourly flow data were not available 
for evaluation of projected peak hour flows to the CCWWTP. 

2.4.3 Wastewater Flow Buildout Projection 

The year for projected buildout of the City is currently not defined, but may occur around 
2060 based on analyses conducted for water demands as described earlier in this section. 
To estimate population values for buildout conditions, land use data for buildout of the City 
were provided in a geographic information system (GIS) database by the City. Using one of 
the aforementioned flow estimation methods, flows can be estimated for future buildout. 

In order to determine which method is most efficient for projecting buildout flows for the 
City, current wastewater flows are estimated using each method, and the results are 
compared with the flows measured during the flow monitoring analysis, previously 
discussed. 
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2.4.3.1 Flow-per-Acre Approach 

With the flow-per-acre approach, the area for each existing land use type within each 
subsystem is estimated. The values estimated for area are then converted to a volume by 
applying a specific land use factor to the respective land use type. Each land use type has 
a factor specific to its use. Refer to Figure 2.7 for a map of the existing and future land use. 

The flow-per-acre approach involves four main steps as explained below. 

Step 1: Estimate Average Base Flow from Flow Monitoring Data. The first step in 
calculating flow using this approach is to examine historic sanitary flow data compiled from 
flow monitoring programs. Based on analysis of the collected flow monitoring data, average 
base sanitary flows were estimated for each monitored subsystem. 

Step 2: Estimate Acreage for each Land Use Type. From the existing land use data, 
area (in acres) for each land use category was extracted for each subsystem. Within the 
current wastewater service area, developed land totals over 25,000 acres. Single family 
residential accounts for about 36 percent of the developed area in the service area. 

Step 3: Calculate Land Use Coefficient. Land use coefficients were used to convert 
developed land use area to base flow equivalents. Initially, published land use coefficients 
were assigned to each land use category. The following equation was then used to 
estimate actual land use coefficients for each subsystem. 

fi = (i x Ai) = Fs 

Where: 

F = observed flow in gpd in a subsystem 

µ = land use coefficient in gpd/acre 

A = developed area in acres 

i = land use category 

n = total number of land use categories 

s = subsystem 

f = flow generated from land use category 

 

n 
 i i 

n 
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For each land use category, the land use coefficient (µ) was determined iteratively. 
Table 2.8 summarizes the calibrated land use coefficients determined for the subsystems. 

Step 4: Estimate Subsystem-Wide Base Sanitary Flow. Using the land use coefficients 
calculated in Step 3, and as shown in Table 2.8, with developed acreages for each land use 
category, current flows were estimated for each subsystem. 

2.4.3.2 Flow per Capita Approach 

The flow-per-capita approach uses the number of dwelling units, or residences, for the 
service area. The number of units is then converted to population by applying a population 
density factor (persons/unit), usually derived from U.S. Census or city planning data. Once 
a population is estimated for each subsystem, a per capita flow rate is applied to estimate 
the base sanitary flow. 

The number of buildings throughout the City was provided in the City’s GIS database. The 
buildings were designated as either Commercial or Non-Commercial. The Non-Commercial 
buildings were assumed as residences, or dwelling units. Population density values were 
available for some of the subsystem areas from the Lift Station Evaluations report (MWH, 
2004). For subsystems where density values were not provided in the lift station report, the 
population density as determined by the 2010 U. S. Census was used (2.61 people/unit). 
Using the population density values for each subsystem, the number of dwelling units was 
converted to a population equivalent. The method used for converting estimated population 
to wastewater flow projections is to multiply population estimates by the per capita flow 
factor, which represents average volumes of wastewater generated per person (gpcd), 
yielding a “base” sanitary flow. The previously established per capita flow rate of 101 gpcd 
was used to estimate wastewater flow contributions with this method. 
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Table 2.8 Subsystem Base Flows – Flow per Acre Approach 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Flow 
Factors 
(gpd/ac) 

Area by Land Use Type (acre) 

Flow 
(mgd) 

C/MU Ind Inst MFR Ofc P/O/S/FP SFR SBR Trans 

900 700 700 650 600 50 300 300 0 

Subsystem          

E1 17.18 17.62 268.30 0.00 0.00 0.00 643.56 486.41 1,541.33 0.55 

E2 1.70 122.83 49.49 15.52  638.59 1,561.89 1,007.05 173.05 0.95 

E3 29.31 14.28 113.96 73.91 0.95 184.88 1,273.30 366.16 97.10 0.67 

E4 166.38 9.67 228.07 136.28 6.73 1,560.14 956.64 1,153.72 390.00 1.12 

E5 252.92 15.25 306.01 83.84 61.18 225.52 1,392.72 74.67 118.10 1.00 

E6 7.30 5.33 76.69 8.42 22.83 127.99 1,195.50 962.51 185.32 0.74 

EW1 16.83 219.59 108.10 47.57  576.25 965.09 391.60 140.18 0.71 

W1 58.50 0.00 69.84 7.59 4.27 332.11 539.63 137.55 70.95 0.33 

W2 349.61 201.11 291.84 159.61 78.69 343.36 1,812.15 35.98 207.91 1.38 

W3      6.63 98.45  2.10 0.03 

Total 900 606 1,512 533 175 3,995 10,439 4,616 2,926 7.48 
Notes: 
(1) C/MU – Commercial Mixed Use 
(2) Ind – Industrial 

(3) MFR – Multi-Family Residential 
(4) Ofc – Office Center 
(5) P/OS/FP – Parks/Open Space/Floodplain 

(6) SFR – Single Family Residential 
(7) SBR – Suburban Residential 
(8) Trans – Transportation Corridor 
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For the Commercial buildings, the land use factor is applied. Area calculated for the 
Commercial buildings is converted to a flow projection equivalent by multiplying the area 
occupied by the commercial units by published factors based on land use in units of gpd/ac, 
or, in this case, the land use flow factors established in the flow-per-acre approach. 
Table 2.9 lists the unit flow rates developed for the existing conditions. 

2.4.4 Comparison of Flow Projection Approaches 

The base flows derived from these two approaches were compared to the flows measured 
previously during the flow monitoring analysis to evaluate their validity. As illustrated in 
Figure 2.8, the base flows developed using the flow-per-capita approach consistently 
yielded a higher base flow than the flow-per-acre approach. Although the flow-per-acre 
approach yielded significantly higher flow values for some subsystems than the values 
measured by the flow monitoring analysis, the overall estimation for current flow is more 
inline with average flows currently measured at the WWTP. The significant differences 
between the estimation method and flow monitoring datasets can be attributed to the fact 
that there are only a limited amount of flow monitoring data available for 

Table 2.9 Subsystem Base Flows – Flow per Capita Approach 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Sub-
system 

No. of Non-
Commercial 

Buildings 

Area of 
Commercial 

Buildings 

Pop. 
Density 

(persons/
bldg) 

Per 
Capita 
(gpcd) 

Unit Flow 
Factors 

(gpd/ac)(2) 
Flow 
(mgd) 

E1 1,672 0 2.61 101 - 0.44 

E2 3,137 0 3.5(1) 101 - 1.11 

E3 4,085 0 2.61 101 - 1.08 

E4 3,721 6.313 2.61 101 900 0.99 

E5 7,093 0.529 2.61 101 900 1.87 

E6 3,427 0 2.61 101 - 0.90 

EW1 2,524 0 2.1(1) 101 - 0.54 

W1 2,149 0 2.61 101 - 0.57 

W2 11,097 0 2.61 101 - 2.93 

W3 561 0 2.61 101 - 0.15 

Total 41,290 6.842 - - - 10.56 

Notes: 
(1) Population density values taken from the Lift Station Evaluations report (MWH, 2004). 
(2) Flow factor established for commercial land use. 
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comparison, as well as the age of the flow monitoring data in comparison to the more 
updated and adjusted flow factors used to derive flows with the flow-per-acre approach. 
Thus, the flow-per-acre approach will be used to estimate future flows at buildout conditions 
(as discussed below) based on future land use for the City. 

2.4.5 Future Wastewater Flow Projections 

The land use flow factors that were adjusted for establishing and comparing base flows 
were used to evaluate future flows at buildout of the City from each subsystem. The 
modified flow factors are applied to the area for future land use in the service area as 
derived from the City’s GIS database for each subsystem. An additional area in the 
northeast vicinity of the City that is currently undeveloped, has been identified by the 
Planning Department for future development, and was also included in this estimate. A 
summary of these values and estimated flow projections are shown in Table 2.10. Based on 
estimates using the flow-per-acre approach, approximately 12.0 mgd of base wastewater 
flow is estimated for the City at buildout.  
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Table 2.10 Base Wastewater Flow Projections 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Flow 
Factors 
(gpd/ac) 

Area by Land Use Type (acre) 

Flow 
(mgd) 

C/MU Ind Inst MFR Ofc P/O/S/FP SFR SBR Trans 

900 700 700 650 600 50 300 300 0 

Subsystem          

E1 645.858 217.903 0 0 22.68 0 2,063.058 200.705 - 1.98

E2 76.066 12.03 - - 9.306 - 1,411.536 - - 1.45

E3 72.579 11.065 - 2.5 46.351 - 375.955 9.246 - 0.88

E4 347.787 34.398 - 35.23 36.657 - 371.83 346.192 - 1.72

E5 39.714 - - 3.654 41.396 - 23.418 0.022402 - 1.07

E6 114.973 0 1.23 0 22.37 0 181.909 0 0 0.91

EW1 19.354 45.169 - 4.178 19.553 - 438.767 - - 0.91

W1 51.153 0 0 0 39.327 - 861.202 - - 0.66

W2 130.639 263.477 - 38.916 29.485 - 142.862 - - 1.77

W3 - - - - - 6.627 98.451 - 2.099 0.03

NE 
Development 57    31  1,832   0.62

Total 2,397.854 1,189.738 1,513.524 617.207 441.786 3,995.476 16,309.46 5,171.791 2,926.033 12.0 

Notes: 
(1) C/MU – Commercial Mixed Use 
(2) Ind – Industrial 

(3) MFR – Multi-Family Residential 
(4) Ofc – Office Center 
(5) P/OS/FP – Parks/Open Space/Floodplain 

(6) SFR – Single Family Residential 
(7) SBR – Suburban Residential 
(8) Trans – Transportation Corridor 
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Chapter 3 

WATER SUPPLY AND TREATMENT 

3.1 INTRODUCTION 

The City relies on a combination of local groundwater and surface water supplies to meet 
demands, but also has the ability to purchase treated water on a wholesale basis to 
augment its local supplies. As part of this WWSMP, alternative water supply scenarios were 
investigated to meet the projected demands (detailed in Section 2). This section describes 
the supply scenarios evaluated, the results of those evaluations, and the corresponding 
recommendations for water supply and treatment capital improvements. 

3.2 EXISTING WATER SUPPLY SYSTEM 

The City obtains the majority of its water from Arcadia Lake and local wells in the Garber-
Wellington bedrock aquifer formation. The City’s local water supplies can be supplemented 
by treated water purchased on a wholesale basis from the City of Oklahoma City. 

Over the last decade, Arcadia Lake has been used to meet about half the City’s demands 
and local groundwater wells have generally supplied the other half. The volumes of water 
purchased from Oklahoma City have been minimal and are often utilized only in years with 
exceptionally high demand or low supply (e.g., 2001, 2003, and 2006). However, as growth 
in Edmond drives demand higher, increased use of Oklahoma City supplies may be 
required if no alternate sources or capacity increases are implemented. 

Arcadia Lake, located within Edmond’s city limits, was constructed by the U.S. Army Corps 
of Engineers (USACE) for the primary purpose of providing flood control protection in the 
watershed. Secondarily, Arcadia Lake is a significant water supply source for the City of 
Edmond, as well as a recreational amenity for residents of central Oklahoma. Arcadia Lake 
provides nearly 85,600 acre feet (AF) of storage, allocated through three storage pools: 
inactive, conservation and flood control. The City’s existing storage allocation comprises 
8,460 AF of the conservation pool. An additional conservation pool volume of 14,630 AF is 
available for future use by the City.  

The City’s existing water rights (OWRB permit #1974-175) allow a maximum withdrawal of 
12,500 AFY at a rate of 11.5 mgd through 2030. After the City completed a firm yield study 
of the lake indicating significantly higher firm yields, the City submitted permit application 
#2011-66 to OWRB in November 2011 for use of an additional 7,435 AFY of surface water 
supply (at a withdrawal rate not to exceed 26,600 gallons per minute [gpm]) for public water 
supply. If approved by OWRB, this would allow the City to withdraw 19,935 AFY from 
Arcadia Lake, or an annual average of about 17.8 mgd. The permit application has not 
been acted on by OWRB, pending OWRB’s request for additional information.  
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Raw water from Arcadia Lake exhibits typical surface water characteristics, including high 
turbidity levels and hardness. However, the lake is prone to urban runoff and pollutants 
because of its location within an unprotected, urbanized watershed. Water from the lake is 
treated at the City’s Arcadia Lake Water Treatment Plant (WTP), which has an operating 
capacity of 10.5 mgd. Treatment processes at the WTP include lime softening, filtration, 
activated carbon adsorption, and ozone disinfection. 

A system of groundwater wells, located throughout the City and drawing from the Garber-
Wellington aquifer, are accessed for water supply. This includes 56 City-owned wells, 
hundreds of domestic wells, and a relatively small number of industrial and irrigation wells. 
Groundwater extracted from the aquifer has historically been of acceptable quality, meeting 
potable water quality standards. Sodium hypochlorite is used to disinfect water produced 
from the City’s wells, with no additional treatment prior to distribution. However, there is 
potential concern that if regulations become more stringent (e.g., lower limits for arsenic or 
new federal regulations for hexavalent chromium), or contaminants from commercial, 
industrial or residential discharges are introduced, many of the existing wells may be taken 
out of production or require additional treatment. 

Water purchased from Oklahoma City can be accessed at two connection points. The 
original contract (1996) allows the City to purchase up to 1.5 mgd of supplemental treated 
water through a 12-inch transmission main connection point. The treated water is 
distributed directly into the City’s distribution system with no additional treatment applied 
prior to distribution. 

In 2004, the City signed a subsequent contract with Oklahoma City for purchase of up to 
15 mgd through a 30-inch main on an “as-available” basis. Water supplied through this 
larger main is transmitted to the City’s Northwest Complex, which includes a 2 MG storage 
tank and pumping system. Chlorine is added to the treated water at the Northwest Complex 
to convert the disinfectant residual used by Oklahoma City (chloramines) via breakpoint 
chlorination to a residual consistent with Edmond’s other sources (chlorine). 

Water from all sources is distributed to customers throughout the City through a series of 
10- and 12-inch mains and a network of smaller distribution pipes. An overview of the City’s 
water distribution system is shown on Figure 3.1; distribution system analyses are 
discussed in Section 4. 

3.3 FUTURE WATER SUPPLY SCENARIOS 

The City’s existing supplies were assessed relative to projected demands to determine the 
magnitude and timing of anticipated needs for additional supply. 

For this analysis, it was assumed that at a minimum, existing capacities for raw water 
diversions from Arcadia Lake, treatment at the Arcadia WTP, and groundwater pumping 
would be maintained at current capacities. Specifically, the following assumptions were 
made:
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 Existing groundwater wells’ combined reliable capacity is 8 mgd and the City will 
continue to maintain or redrill the existing wells as needed to maintain this capacity in 
perpetuity. 

 Arcadia Lake peak diversion capacity can be increased slightly with minor 
infrastructure improvements to achieve a capacity of 13 mgd; additional 
improvements would be needed to increase capacity further. 

 The City’s pending application #2011-66 for additional Arcadia Lake water rights will 
be approved, up to a maximum annual average diversion rate of 17.8 mgd 
(corresponding to approximately 20,000 AFY) with seasonal maximum withdrawals 
that are yet to be determined. Additional future yield and diversions may be possible 
with augmentation of the lake and IPR. 

 Annual average and peak daily demands, after passive conservation, will occur in 
each planning year at the amounts presented in Section 3 of this report. 

Projected growth in demand could then be met by a range of potential additional supplies, 
such as: 

 Additional groundwater wells (assuming 15 new wells at locations in Edmond as 
detailed in Basis of Planning Technical Memorandum in Appendix A), providing 3.24 
mgd of new supply; locating these wells along existing transmission lines avoids 
major transmission improvements. 

 Expanded use of Arcadia Lake supplies (i.e., greater annual and daily rates of 
diversion from the lake, contingent on approval by OWRB of pending application 
#2011-66 for an increase in water rights). Additional future yield and diversions may 
be possible with augmentation of the lake with treated effluent and IPR. 

 Increased purchases of treated water from Oklahoma City. 

3.3.1 Supply Scenario Development 

Many different permutations of existing and future supplies could be used to meet future 
demands. To provide a basis of analysis and comparison, five supply scenarios were 
evaluated as part of this WWSMP. Generally, the five scenarios are as follows: 

 Supply Scenario 1: Oklahoma City Peaking 

– Maintain existing well capacity 

– Drill additional wells 

– Minor improvements to Arcadia Intake and WTP (to 13 mgd peak capacity) 

– Supply remaining summer peak demands with Oklahoma City purchases 

 Supply Scenario 2: Minor Arcadia Expansion 

– Maintain existing well capacity 
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– Drill additional wells 

– Expand Arcadia Intake and WTP to 17 mgd peak capacity 

– Supply remaining summer peak demands with Oklahoma City purchases 

 Supply Scenario 3: Maximize Arcadia Use 

– Maintain existing well capacity 

– Drill additional wells 

– Expand Arcadia Intake and WTP to 40 mgd peak capacity 

– Discontinue Oklahoma City supply (or maintain it as backup supply) after those 
improvements are implemented 

 Supply Scenario 4: Baseload Oklahoma City Supply 

– Maintain existing well capacity 

– No additional wells 

– Minor improvements to Arcadia Intake and WTP (to 13 mgd peak capacity) 

– Use Oklahoma City purchases each month as baseload supply; use Arcadia 
Lake and wells as peaking supplies 

 Supply Scenario 5: Oklahoma City Take-or-Pay Supply 

– Maintain existing well capacity 

– No additional wells 

– Minor improvements to Arcadia Intake and WTP (to 13 mgd peak capacity) 

– Use Oklahoma City purchases each month, staying within the monthly 
2.5 peaking factor to qualify for Oklahoma City “take-or-pay” rate, but peak off 
all sources 

Oklahoma City’s wholesale rates for treated water (Appendix B) generally favor consistent 
year-round use over intermittent summer peaking use. Therefore, rates for Oklahoma City 
purchases varied between the five supply scenarios, depending on the seasonality of use of 
Oklahoma City supplies, reflecting Oklahoma City wholesale water rates as of May 2013. 

Table 3.1 details the annual average use and peak daily water use assumed for each water 
supply scenario for each planning year and each source of supply. Annual average use was 
estimated by analyzing potential monthly use of each source. Annual average use could 
vary with different operational schemes, provided the total of all sources equals the annual 
average demand, and no single source exceeds its physical capacity or water rights 
constraints in any month or year. Peak use of each source drives the infrastructure needs 
for the source, and the sum of all sources’ peak use must equal peak day demand for the 
planning year indicated. Figure 3.2 provides an illustration of the long-term (2042) monthly 
use of each supply for the five scenarios, as an example of how the sources would be 
utilized to meet seasonal demands under each scenario. Note that peak monthly use is less 
than the peak daily use, since daily demands vary within each month. 
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Table 3.1 Water Supply Scenarios by Source and Year 
- 

Year 

Maintain Existing 
Wells Capacity 

(mgd) 
New Wells 

Capacity (mgd) 
Arcadia Diversion 

and WTP (mgd) 

Remaining 
Demand Supplied 
by Oklahoma City 

(mgd) 

Supply Supply Supply Supply 

Average Peak Average Peak Average Peak Average Peak 

Supply Scenario 1: Oklahoma City Peaking 

2012  8.0  0.0  10.5  9.4 

2017 1.5 8.0 0.1 3.2 11.7 13.0 0.2 6.4 

2022 2.1 8.0 0.2 3.2 12.1 13.0 0.4 9.5 

2027 3.0 8.0 0.4 3.2 12.4 13.0 0.3 12.7 

2032 4.0 8.0 0.6 3.2 12.7 13.0 0.3 16.1 

2042 5.7 8.0 1.2 3.2 12.8 13.0 1.3 23.6 

Supply Scenario 2: Minor Arcadia Expansion 

2012  8.0  0.0  10.5  9.1 

2017 0.3 8.0 0.1 3.2 13.1 17.0 0.1 2.4 

2022 0.5 8.0 0.2 3.2 13.9 17.0 0.2 5.5 

2027 1.1 8.0 0.2 3.2 14.6 17.0 0.3 8.7 

2032 1.6 8.0 0.2 3.2 15.2 17.0 0.5 12.1 

2042 3.6 8.0 0.6 3.2 16.3 17.0 0.4 19.6 

Supply Scenario 3: Maximize Arcadia Use 

2012  8.0  0.0  10.5  9.1 

2017 0.7 8.0 0.1 1.5 12.9 21.1 0.0 0.0 

2022 0.7 8.0 0.1 1.5 14.0 24.2 0.0 0.0 

2027 0.8 8.0 0.3 3.2 15.1 25.7 0.0 0.0 

2032 1.0 8.0 0.4 3.2 16.2 29.1 0.0 0.0 

2042 2.3 8.0 0.9 3.2 17.8 36.6 0.0 0.0 

Supply Scenario 4: Baseload Oklahoma City Supply 

2012  8.0  0.0  10.5  9.1 

2017 1.1 8.0 0.0 0.0 10.6 13.0 1.8 9.6 

2022 1.0 8.0 0.0 0.0 10.1 13.0 3.7 12.7 

2027 1.0 8.0 0.0 0.0 9.5 13.0 5.6 15.9 

2032 1.0 8.0 0.0 0.0 8.9 13.0 7.7 19.4 

2042 0.9 8.0 0.0 0.0 7.5 13.0 12.6 26.9 

Supply Scenario 5: Oklahoma City Take-or-Pay Supply 

2012  8.0 0.0 0.0  10.5  9.1 
2017 1.3 8.0 0.0 0.0 11.3 13.0 0.9 9.6 

2022 1.5 8.0 0.0 0.0 11.5 13.0 1.8 12.7 

2027 1.8 8.0 0.0 0.0 11.6 13.0 2.9 15.9 

2032 2.0 8.0 0.0 0.0 11.7 13.0 3.9 19.4 

2042 2.4 8.0 0.0 0.0 11.9 13.0 6.7 26.9 
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WATER SUPPLY SCENARIOS IN 2042 
 

FIGURE 3.2 
 

CITY OF EDMOND, OKLAHOMA 
WATER AND WASTEWATER SYSTEM MASTER PLAN 
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2042 Monthly Supply:  Scenario 1

Supply: OKC
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Supply: Arcadia max mgd = 13

Local Supplies
(Excluding OKC):

Peak day = 21.7 mgd
Avg. annual use = 18.8 mgd
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Peak day = 26.2 mgd
Avg. annual use =  2.1 mgd
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(Excluding OKC):

Peak day = 25.7 mgd
Avg. annual use = 20.1 mgd
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Peak day =  22.2 mgd
Avg. annual use = 0.9 mgd

0

500

1,000

1,500

2,000

2,500

3,000

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

A
F/

m
on

th

2042 Monthly Supply:  Scenario 3

Supply: OKC

Supply: New Wells

Supply: Existing Wells

Supply: Arcadia max 2042 mgd = 36.6

Local Supplies
(Excluding OKC):

Peak day = 47.9 mgd
Avg. annual use = 21.0 mgd

OKC Use:
Peak day =  0 mgd
Avg. annual use = 0 mgd

Local Supplies
(Excluding OKC):

Peak day = 47.9 mgd
Avg. annual use = 21.0 mgd

OKC Use:
Peak day =  0 mgd
Avg. annual use = 0 mgd
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3.3.2 Scenario Evaluation and Selected Approach 

Preliminary analyses of life cycle costs were used to compare the five supply scenarios. 
The scenarios differ significantly in the amount and timing of capital expenditures needed 
and their long-term operational costs. 

For example, Scenario 1 minimizes capital costs by relying on Oklahoma City supplies to 
supply increases in demand over time. Wholesale purchases of Oklahoma City are not 
capital-intensive, but wholesale purchase rates are relatively high, as they include a factor 
to cover repayment of capital outlays by Oklahoma City to convey and treat the water for 
wholesale customers. That causes long-term usage costs to grow significantly over time. In 
contrast, Scenario 3 has higher up-front capital costs associated with increasing Arcadia 
Lake diversion and treatment capacity, but lower long-term costs since reliance on 
Oklahoma City wholesale water purchases is minimized. Scenarios 4 and 5 each have high 
operating and maintenance (O&M) costs because they use greater amounts of Oklahoma 
City water throughout the year. 

20-year life cycle costs for the five scenarios were developed on a preliminary basis, with 
the following key assumptions: 

 Capacity expansions are implemented in the year prior to the year where peak 
demand would otherwise exceed supply capacity. 

 Capital and annual O&M costs escalate at an annual rate of 3 percent, while 
Oklahoma City wholesale rates increase at an annual rate of 6 percent (based on 
input from Oklahoma City staff). 

 Oklahoma City wholesale rates are escalated starting with those published by 
Oklahoma City for 2013. Rates are dependent on the type and pattern of Edmond’s 
use (peaking, baseline, or take-or-pay); the lowest rate applicable to the monthly use 
pattern for each scenario was used. 

 Variable O&M costs are based on values from the 2009 WSP; differences in fixed 
O&M costs were assumed negligible between supply scenarios. 

 Costs for maintenance, rehabilitation, replacement of existing sources, and other 
costs common to all scenarios were not included in the analysis. 

 Capital and annual O&M costs were escalated to the year of their expenditure, and 
then summed over the 20-year analysis period. 

The results of this analysis illustrated the trade-offs between near-term capital expenditures 
and long-term annual costs. Annual costs include O&M and wholesale water purchases 
from Oklahoma City. As shown in Figure 3.3, the combined total of 20 years of cumulative 
capital costs and cumulative O&M costs for the five scenarios shows that the total 
expenditures over that time are lowest for Scenario 3.
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COMPARISON OF 20-YEAR CUMULATIVE 
COSTS FOR SUPPLY SCENARIOS 

FIGURE 3.3 
 

CITY OF EDMOND, OKLAHOMA 
WATER AND WASTEWATER SYSTEM MASTER PLAN 
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With these results, the City selected Scenario 3 as the preferred path forward. As described 
earlier, this scenario includes drilling additional wells to increase supply capacity from the 
Garber-Wellington aquifer, then focuses on addressing growth in the City’s service area 
and demands by expanding use of Arcadia Lake supplies. This requires: 

 Approval of the City’s water rights permit application #2011-66 by OWRB to increase 
permitted capacity to an annual average of 17.8 mgd. 

 Drilling additional wells in the Garber-Wellington aquifer. 

 Expanding the diversion and conveyance capacity from Arcadia Lake to the WTP. 

 Expanding the capacity of the WTP. 

As described in the subsections that follow, Scenario 3 was subsequently refined and 
analyzed further to assess its implementation and detailed CIP schedule for water supply 
and treatment. Implementation of Scenario 3 supplies will occur in phases over time, as the 
City increases local supplies and decreases reliance on Oklahoma City wholesale water 
purchases. 

The selected water supply portfolio can be implemented and expanded in phases over time 
as demands grow. By the end of the planning period in 2042, the City can make full use of 
its annual allocation of yield from Lake Arcadia, equal to nearly 20,000 AFY or 17.8 mgd on 
an annual average basis. The following sources will be used at their maximum daily supply 
capacity to meet peak summer day demands of 47.8 mgd in 2042: 

 Existing wells: 8.0 mgd 

 New wells: 3.2 mgd 

 Arcadia Lake: 36.6 mgd 

For the buildout peak day demand of 62.5 mgd, continued use of the wells at the capacities 
noted above would require Arcadia Lake diversion and treatment capacity of 51.2 mgd. 

Oklahoma City wholesale purchases can be discontinued once sufficient Arcadia Lake 
diversion and treatment capacity is online. The Oklahoma City connection can be 
maintained as an emergency-only source as long as Arcadia diversions and groundwater 
use are sized and operated to cover annual and peak day demands. If new wells are drilled 
and the Arcadia Lake diversion and treatment system is eventually expanded to 40 mgd 
capacity, the City will have sufficient peak-day supply capacity to meet demands slightly 
beyond 2042. 

However, careful monitoring and control of the use of each source will be required to 
maintain use within allocated water rights limits. For example, the Arcadia diversion could 
not be used year-round to meet the entire City’s demands, or it would exceed the 
anticipated water rights limits (assuming the pending application is approved) of 17.8 mgd 
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annual average. The City has found that in general, its wells cannot be operated at a 
consistently high pumping rate (i.e., over 8 mgd for the existing wells) without impacting 
well production rates due to water table drawdown effects. 

By buildout, additional supplies will be needed to meet demand. Buildout demands are 
forecasted to be higher than 2042 demands by approximately 6.6 mgd annual average, and 
by about 14.6 mgd for the peak day. Additional water resources and infrastructure capacity 
will be needed to meet buildout demands. 

3.3.3 Potential Future Augmentation of Arcadia Lake 

Two approaches were assessed for meeting the projected increase in demand between 
2042 and buildout 

 Augmenting Arcadia Lake to increase its firm yield, and increasing diversions and 
treatment of lake supplies to provide the additional annual and peak supplies.  

 Reinstate wholesale purchases from Oklahoma City, provided that Oklahoma City 
has sufficient supplies and capacity to meet Edmond’s wholesale demand.  

Other regional supply alternatives are potentially feasible also, but were not evaluated in 
this WWSMP because they were not recommended in the WSP. 

As part of the WWSMP, augmenting water supplies in Arcadia Lake with highly treated 
water from the CCWWTP was assessed, with a primary goal of increasing the reliable yield 
from the lake and diverting those additional supplies for treatment at the Arcadia Lake 
WTP. This would comprise an IPR system. WWSMP analyses conceptually considered an 
alternative approach for wastewater treatment and augmentation of Arcadia Lake supplies 
for IPR. The existing Spring Creek Lift Station pumps untreated wastewater to the 
CCWWTP for treatment and discharge. This site could instead serve as a site for a new 
WWTP with advanced treatment processes for gravity discharge into the upper reaches of 
Arcadia Lake. The existing lift station would be abandoned or incorporated into the WWTP 
facilities, and the force main from the lift station to the CCWWTP would be abandoned. 
However, the City will need additional wastewater treatment capacity before 2042, when 
augmentation of the lake or alternate water supplies become necessary. 

In light of that timing, and with significant uncertainty in the timing and requirements of 
future IPR regulations and sensitive water supply (SWS) discharge approvals, it was 
determined that a Spring Creek WWTP is less feasible than continuing to pump Spring 
Creek basin flows to the CCWWTP and expanding the CCWWTP as needed over time. 
Instead, if the City implements Arcadia Lake augmentation via an IPR system in the future, 
augmentation flows will be pumped from an expanded CCWWTP via a new lift station and 
force main up to a point of discharge to the lake. That discharge was conceptually 
envisioned to be to a tributary on the northern or western side of the lake. Treatment 
upgrades for flow discharged to the lake for supply augmentation will be necessary at the 
CCWWTP, as further detailed in Section 6. Modeling of lake water quality may be 
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necessary to ensure that the point of discharge is suitably far from the WTP intake to allow 
sufficient mixing and residence time. 

Because Arcadia Lake is listed as SWS, no discharges are allowed that increase the load 
of any pollutant. ODEQ has not established protocol for evaluating or demonstrating 
compliance with this requirement. This was recently investigated by the Central Oklahoma 
Master Conservancy District (COMCD) for augmenting Lake Thunderbird, which is also a 
state-designated SWS, in the Lake Thunderbird Augmentation study (COMCD, 2012). 
Several municipalities have initiated discussions with ODEQ, OWRB, members of the 
legislature, and other regional partners toward further defining how discharges could be 
approved and implemented at SWS-designated water bodies. 

There are several potential challenges associated with augmenting Arcadia Lake with 
treated effluent: 

 There are currently no state or federal regulations governing IPR, but ODEQ has 
been tasked by the legislature with developing rules for IPR. 

 Arcadia Lake is listed as a SWS, as described above. 

 Seepage and evaporation losses in Arcadia Lake would slightly reduce the availability 
of augmented supplies. Lake evaporation is a function of the surface area of the 
water stored in the lake at any given time, which may not be significantly increased 
with the proposed augmentation of supplies. Thus, the additional yield that can be 
diverted from the lake will likely be some amount less than flow sent to the lake. 

 By implementing this supply option, the amount of flow discharged from the 
CCWWTP to Coffee Creek would be reduced. While there is some reuse in place in 
Oklahoma, there is no precedent in the state for redirecting a major proportion of 
existing WWTP discharges for beneficial reuse. The minimum amount of flow, if any, 
that would need to be discharged to Coffee Creek would be subject to analyses by, 
and negotiation with, OWRB. In addition, future in stream flow programs adopted and 
implemented in Oklahoma, if any, could affect the amount that would need to be 
discharged and thus affect the amount available for Arcadia Lake augmentation. 

 Public outreach will be critical for gaining acceptance of IPR, particularly given the 
lack of IPR precedent in Oklahoma. Extensive research at the national level and 
experience in other states where IPR is increasingly common can be used as a guide 
for establishing treatment protocol, treated water quality standards, and securing 
public support. 

These challenges collectively may affect the timing and amount of Arcadia Lake augmented 
source development. However, if and when the lake is augmented, the availability of 
reclaimed water from the CCWWTP is fairly reliable and certain. Even with continued or 
increased conservation, there will always be a daily flow of wastewater treated at the 
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CCWWTP, and the amount of flow treated and potentially available for augmentation of 
Arcadia Lake will increase over time as the City’s potable water demands grow. 

3.4 WATER SUPPLY IMPROVEMENTS 

Implementing the recommended long-term water supply system will require several 
modifications and expansions to the City’s raw water supply systems. This includes the 
addition of new groundwater wells, expanded withdrawal capacity from Arcadia Lake, and 
changes in how the Oklahoma City treated water supply is used. In addition, beyond 2042, 
additional supply improvements will be needed beyond 2042 to meet buildout demands, 
which may include augmentation of Arcadia Lake with treated effluent via an IPR program. 
Water treatment improvements corresponding to these raw water supply improvements are 
detailed in Section 3.5. 

3.4.1 Groundwater Supply 

The City’s long-range supply sources include 15 new wells in the Garber-Wellington 
Aquifer, adding to the City’s existing network of wells. While each well is unique, Garber-
Wellington wells in Edmond have generally been drilled to a depth of up to 700 feet and 
yield 150 gpm or more. Data from existing wells should be considered when siting and 
drilling new wells, to avoid areas expected to have elevated concentrations of arsenic that 
would require treatment to meet federally-set maximum contaminant limits of 10 parts per 
billion (ppb) of arsenic. 

An analysis of siting locations conducted as part of this WWSMP focused in on areas along 
existing treated water transmission lines, with the goal of using that transmission capacity 
for the new wells’ production rather than building new dedicated transmission lines. 
Specifically, the analyses focused on the 30-inch diameter water line for transmission of 
Oklahoma City treated water that runs east along Covell Road, then north to the Northwest 
Complex on Broadway. Other wells were sited along the 24-inch diameter water line 
running along Coffee Creek Road from Sooner Road to the Northwest Complex. 

The 15 proposed wells were all sited along these water lines, and an analysis of land that 
could be dedicated to the wells’ water rights was also conducted. The OWRB currently 
assigns temporary permits for Garber-Wellington wells based on a maximum annual yield 
of 2.0 AFY per acre of land dedicated to the wells. OWRB is completing a study of the 
Garber-Wellington aquifer that is expected to reduce the maximum annual yield, which in 
turn would increase the amount of land that would need to be dedicated to a given set of 
wells and their yield. For the number of wells currently in the system and planned as part of 
this WWSMP, it is anticipated that sufficient land within the Edmond city limits could be 
dedicated to the wells to provide the supply needed. Dedicated lands do not need to be 
contiguous to the wells they are assigned to for water rights purposes. 
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The 15 new wells would provide a peak supply capacity estimated at 3.24 mgd (assuming 
an average yield of 150 gpm for the new wells). At the current maximum annual yield for the 
Garber-Wellington aquifer, 40 acres of dedicated land supports 80 AFY of production, 
corresponding to an annual average aquifer pumping of about 50 gpm. Thus, it would take 
about three times that amount of land, or 120 acres, to support year-round operation of a 
typical well running at 150 gpm. However, the wells would not be expected to operate at 
their peak capacity year-round. Thus, actual dedicated land requirements for each well 
would be significantly lower than this, but would also be subject to increases when OWRB 
completes the Garber-Wellington Aquifer study and adopts a new permanent maximum 
annual yield for the aquifer. Details of the land analyses and well siting are provided in 
Basis of Planning Technical Memorandum, included as Appendix A. 

3.4.1.1 Demand Triggers and Phasing 

3.4.1.1.1 Short-Term 

The addition of wells can be phased in over time. To help meet near-term peak day and 
annual supply needs, and to facilitate distribution system pressure and water quality 
improvements, seven wells are recommended for design in 2015 with construction 
completion in 2017. The seven wells will provide an estimated combined peak day supply of 
1.5 mgd. The City’s existing wells are estimated by City staff to produce a reliable peak 
yield of about 8 mgd. The City rotates the operation of the wells to manage water table 
drawdown effects and maintain production rates in each well. Together, after 
implementation of the seven new wells, the total reliable groundwater production will be 
approximately 9.5 mgd. 

The first seven new wells are envisioned for the following general locations: 

 Covell Road (2 wells) 

 Broadway (1 well) 

 Santa Fe (1 well) 

 Between Danforth and Covell (2 wells) 

 Coffee Creek Road (1 well) 

This set of new wells is identified as Distribution CIP Project WEL-1. Capital costs for these 
improvements are detailed in Section 8. Costs include the cost of drilling a 500 foot deep 
well and equipping the well, connecting the well from the assumed well site to the 
transmission line through a 6-inch diameter connection pipeline, and a well house building. 
Installation and easement costs were also estimated. 

Capital costs were also estimated for redrilling existing wells to maintain their capacity. 
Redrilling projects were combined into several packages for purposes of CIP planning, with 
a general goal of redrilling wells that are at or approaching 50 years in service. The first 
package, identified as Distribution CIP Project WEL-2, includes redrilling six wells that were 
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originally installed from 1952 through 1969, including the following well numbers: 8, 9, 10, 
11, 14, and 15. It was assumed that redrilled wells would have identical yields to the wells 
they replaced. The combined yield of these wells was reported to be 1,123 gpm in the 2009 
WSP report. This package of well redrilling projects is recommended for design in 2015, 
with construction complete in 2017. This schedule is driven by the age of the existing wells. 

3.4.1.1.2 Long-Term 

The remaining set of eight new wells will be developed based on growth in demand in the 
City’s service area, along with an overall goal of maintaining groundwater as a significant 
component of the overall supply portfolio. As with any supply portfolio, diversity in supply 
sources provides an element of reliability. The demand trigger for this set of new wells, 
identified in the CIP as Distribution CIP Project WEL-3, is peak daily system wide demand 
of 32 mgd or greater. It is anticipated that this trigger will be reached in approximately 2023, 
so it is recommended for design in 2021 and construction completion in 2023. The eight 
new wells will increase the City’s sustainable peak groundwater production by about 
1.7 mgd, assuming an average of 150 gpm per well. 

The eight additional new wells are envisioned for the following general locations: 

 Coffee Creek Road (3 wells) 

 Sooner Road (1 well) 

 2nd Street (4 wells) 

Capital costs for these improvements are detailed in Section 8. Costs include the cost of 
drilling a 500-foot deep well and equipping the well, connecting the well from the assumed 
well site to the transmission line through a 6 inch diameter connection pipeline, and a well 
house building. Installation and easement costs were also estimated. 

Together, after implementing the WEL-1 package of seven new wells, the WEL-3 package 
of eight new wells, and continued redrilling of existing aging wells to maintain their capacity, 
the City’s combined peak groundwater supply capacity will be approximately 11.2 mgd. 

Additional well redrilling projects will be required to maintain the existing wells’ production 
capacity, again triggered by wells that reach or approach 50 years since they were first 
drilled and placed into production. A summary of the short- and long-term well projects is 
provided in Table 3.2. 
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Table 3.2 Short- and Long-Term Well Projects 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Distribution 
CIP Project 

ID 

Number of Wells to 
be Drilled or 

Redrilled (Well ID 
Nos.) 

Combined 
Capacity 

(gpm) 

Range of Years 
Originally 
Placed in 
Service(3) 

Planned Year 
Design/ 

Construction 
Complete 

WEL-1(1) 7 (New) 1,050 – 2015/2017 

WEL-2(2) 6 (No. 8-11, 14-15) 1,123 1952-1969 2015/2017 

WEL-3(1) 8 (New) 1,200 – 2021/2023 

WEL-4(2) 7 (No. 19-25) 1,293 1971-1975 2023/2025 

WEL-5(2) 16 (No. 18, 26-40) 3,463 1977-1980 2028/2030 

WEL-6(2) 13 (No. 41-43, 45-54) 2,089 1981-1986 2030/2035 

WEL-7(2) 10 (No. 55-64) 1,881 1992-2005 2040/2045 

Notes: 

(1) CIP package is for new well construction. 
(2) CIP package is for redrilling existing wells. Redrilled well yield assumed equal to the existing 

well yield. 
(3) Age and yield data of existing wells per 50 Year WSP (CDM, 2009). Not applicable for new 

wells. 

3.4.2 Arcadia Lake Supply 

The selected water supply portfolio relies heavily on Arcadia Lake in both the near and long 
term. Increased reliance on Arcadia Lake to meet peak day demands in the near term will 
reduce or eliminate the use of Oklahoma City wholesale purchased water to meet peak day 
demands. 

3.4.2.1 Demand Triggers and Phasing 

3.4.2.1.1 Short-Term 

Initial increases in capacity for the Arcadia Lake intake and raw water conveyance system 
are triggered by the City’s near-term goal of increasing use of available Arcadia supplies 
and decreasing use of wholesale water purchases from Oklahoma City, in support of its 
goal of reducing overall long-term costs for water supply. While there is sufficient firm 
annual yield in Arcadia Lake to meet the City’s demands for several years, the capacity of 
the existing raw water diversion and treatment infrastructure is insufficient to deliver those 
supplies at the peak daily rates needed. 

There is no specific demand or regulatory trigger for the first phase of capacity 
improvements. However, the sooner the City is able to meet its demands using its own local 
sources, the sooner it can reduce annual costs and begin toward the long-term savings 
goal. Therefore, an initial capacity expansion project could be initiated with design 
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beginning immediately and construction completed in 2017. While aggressive, this schedule 
works immediately toward the City’s long-term goals. 

The WWSMP planning team determined that it would be most cost-effective to expand the 
Arcadia Lake intake structure and raw conveyance piping in a single phase to meet long-
term needs, rather than implementing it in two or more smaller phases, particularly given 
the long life expectancy of intake and pipeline infrastructure. In contrast, it is recommended 
that treatment plant capacity be expanded in phases, as detailed in Section 4.5. 

The single-phase raw water intake and conveyance project would be sized to provide a 
total peak day capacity of at least 51.2 mgd, sized to match the ultimate buildout use of the 
Arcadia Lake supply including future yield enhancements via lake augmentation and IPR 
(detailed in Section 3.3.2). This could include expanding the capacity of the existing intake 
structure via the following modifications: 

 Request variance from USACE to increase velocity through the 18 inch diameter 
intake pipe to increase capacity from 13 to 17 mgd. 

 Modify the existing low lift pump station to provide a firm capacity of approximately 17 
mgd.  

 Request variance from USACE to install a new, parallel 30 inch diameter inlet pipe in 
the USACE tunnel or a new 36-inch siphon for an additional 40 mgd of capacity. 

 Construct a new Low Lift Pump Station to convey the additional water supply. 

Together with the proposed long-term well field capacity of 11.2 mgd, the City will have 
slightly more peak day supply capacity than the buildout peak day demand of 62.5 mgd. 
This provides additional reliability in the event of an extended well outage or other deviation 
from projected supply and demand values. If the City does not ultimately implement lake 
augmentation and IPR, the maximum use of Arcadia Lake supplies would be capped at 
around 40 mgd, and the intake and raw water line would have excess capacity. 

3.4.2.1.2 Long-Term 

As discussed above, the Arcadia Lake intake and raw water conveyance systems will be 
expanded in a single phase starting with design as early as 2014. No further expansions 
would be required to meet long-term demands. 

3.4.3 Oklahoma City Supply 

The selected supply scenario moves away from Edmond’s current practice of purchasing 
treated water from Oklahoma City, as a wholesale customer, to meet peak demands. 
However, the City could maintain its physical connections to Oklahoma City and the 
necessary intergovernmental agreements to maintain access to Oklahoma City supplies for 
use as an emergency backup. The regular use of Oklahoma City treated water could cease 
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when the Arcadia Lake supply and treatment expansions are implemented, which could 
occur as soon as 2017. 

Long term, the City would not need Oklahoma City treated water under normal operating 
conditions from 2017 through buildout, provided that the City is able to augment Arcadia 
Lake and expand the water treatment facility to meet buildout demands in conjunction with 
local wells. However, if the City cannot or does not implement lake augmentation and IPR, 
an alternate source of supply will be needed to meet the increase in demand beyond about 
2042. In that event, access to Oklahoma City treated water supplies through wholesale 
purchases may again be an attractive source of supply. The City’s 2004 agreement with 
Oklahoma City for up to 15 mgd of treated water from Oklahoma City would provide 
sufficient peak supply capacity to accommodate projected growth in demand from 2042 
through buildout. 

3.4.4 Indirect Potable Reuse 

As described in Section 3.3, additional water supply will be required beyond about 2042, 
when the firm annual yield of Arcadia Lake will be fully utilized by the City and the 
expanded groundwater well field will be operated at its maximum capacity. Lake 
augmentation to increase the firm yield would require advanced treatment for flows treated 
at the CCWWTP for discharge via a pump station and force main to Arcadia Lake. Those 
elements are described in the wastewater treatment sections of this report and its CIP. The 
expansion of the Arcadia Lake intake and raw water conveyance system to accommodate 
IPR flows was described earlier in Section 3.4, and the expansion of the WTP to 
accommodate increased diversions from the lake are described in Section 3.5. 

3.5 WATER TREATMENT AND RESIDUALS HANDLING 
IMPROVEMENTS 

As part of this WWSMP, the existing water treatment and residuals handling facilities were 
investigated to: 1) assess the reliable capacity of the treatment and residuals handling 
facilities, 2) determine the capital improvements projects necessary to maintain the current 
production at these facilities, 3) evaluate treatment and residuals handling expansion 
alternatives, and 4) recommend a comprehensive CIP for the water treatment and residuals 
handling systems. The improvements address the following water supply strategy described 
in detail in this section: 

 Continue to operate the existing wells at a peak day reliable capacity of 8 mgd. 

 Install new wells along the existing and proposed transmission mains to a peak day 
reliable capacity of approximately 3.2 mgd. 

 Phased expansion of the Arcadia Lake WTP to take advantage of the full annual 
average yield (17.8 mgd) of the Arcadia Lake supply. 
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 Phased expansion of the Arcadia Lake WTP to supply peak day demands with the 
Arcadia Lake supply of up to 36.6 mgd based upon the 2042 peak use of the WTP, 
as described in Table 3.1 for the selected scenario. 

 Further expansion of the Arcadia Lake WTP and/or master plan facilities assuming 
IPR augmentation after 2042 of up to 6.6 mgd annual average into Arcadia Lake, and 
peak withdrawals for potable treatment of up to 14.6 mgd of additional flow based 
upon ultimate buildout water demands. 

3.5.1 Existing Water Treatment Facilities 

A schematic of the current process is presented in Figure 3.4. Raw water pumped from 
Arcadia Lake to a screening house; screened effluent flows to a dual chamber preozonation 
basin where ozone (approximately 0.5 to 1 mg/L) is added for preoxidation and to satisfy 
ODEQ disinfection requirements prior to clarification. Following the preozonation process, 
water flows to a dual rapid mix/splitter structure to enable coagulant or polymer addition 
prior to primary clarification at two 80-foot diameter flocculating clarifiers. Currently, the 
flocculating clarifier process is being bypassed due to a lack of need. Following primary 
clarification, the water combines to dual single cell rapid mix/splitter where lime and 
polymer are added prior to the softening process. 

The softening process consists of two sets of two 47-foot diameter helical (hydraulic mixing) 
solids contact clarifiers which are controlled by maintaining a solids blanket level within the 
clarification unit through periodic blow down of solids to the solids drying basins. Following 
the softening process, clarified effluent flows to a dual chambered post-ozonation basin 
where carbon dioxide and ozone are added to stabilize the settled water and to oxidize 
trace organics, respectively. Polyphosphate is added prior to eight, dual celled, tri media 
(anthracite, garnet, sand) gravity filters to control scaling in the filters and distribution 
system. Filtered effluent flows by gravity into a pump station wet well where it is pumped 
into nine post-filtration activated carbon exchange units. Chlorine is dosed into the carbon 
exchange effluent prior to flowing to two 4 MG clearwells. 

A site plan indicating the major components of the existing Arcadia Lake WTP is presented 
in Figure 3.5. The majority of the existing structures were constructed as part of the original 
Arcadia Lake WTP in 1987. The plant was designed with multiple treatment barriers 
(coagulation, ozonation, softening) due to concerns with high levels of total trihalomethane 
(TTHM) formation potential (TTHMFP) in the source water. Automatic backwashing 
traveling bridge granular activated carbon (GAC) filters with 45 inches of GAC media were 
installed as an effluent polishing step due to ODEQ requirements at the time. 

In 2005, the following improvements to the treatment system were completed: 

1. The automatic backwashing traveling bridge filters were removed and replaced with 
nine pressure vessels. A low lift pump station was installed with the automatic 
backwashing filter structure serving as the wet well. 

2. The eight existing filters were modified to include a filter to waste feature, air scour 
system, and improved controls.
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3. The ozone system was modified to transition from an outside air system to a liquid 
oxygen system. 

4. The post-ozonation monitoring system was modified to enable compliance with the 
Surface Water Treatment Rule (SWTR) disinfection requirements. 

5. Additional carbon dioxide storage tank. Chemical feed system automated control 
improvements. 

6. Raw water flow metering. 

ODEQ currently rates the Arcadia Lake WTP for a peak sustained capacity of 
12 mgd.  

3.5.1.1 Regulatory Evaluation 

A summary of the raw water quality from the 2009 through 2012 Monthly Operating Reports 
(MORs) is provided in Table 3.3. The raw and finished water quality histograms upon which 
this summary is based are provided in Appendix C. 

A surface water or groundwater under the direct influence (GWUDI) of surface water 
treatment plant must produce water that meets state and federally mandated regulations for 
drinking water quality standards. The design of a treatment facility should consider both 
existing and anticipated federal regulations, and additional state requirements. In general, 
states are primarily concerned with the administration of federal drinking water 
requirements, but on some topics, they may add additional or stricter requirements. As a 
result, this review focused on both the federal and the State of Oklahoma requirements for 
construction and operation of drinking water facilities. 

A variety of existing and future regulations may affect the Arcadia Lake supply, treatment 
requirements, and system operations. The following regulatory evaluation involves a review 
of current and anticipated future State of Oklahoma regulations that may impact the choice 
of currently available treatment technologies for any plant expansion. This review was 
performed in consideration of the following current and anticipated drinking water 
regulations: 

 Safe Drinking Water Act (SDWA) and 1986 Amendments. 

– Volatile Organic Chemicals (VOCs) 

– Synthetic Organic Chemicals (SOCs) 

– Inorganic Chemicals (IOCs)  

– Total Coliform Rule (TCR)  

– Arsenic Rule 

– Lead and Copper Rule 

– Radionuclides Rule 

– Radon Rule 
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Table 3.3 Raw Water Quality of Arcadia Lake WTP 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Parameter Units Average Minimum Maximum 

Source of Supply Arcadia Lake Surface Water 

Turbidity NTU 11 2 300 

Temperature degrees Celsius 18.5 5 30.5 

pH(1) s.u. 8.0 7.34 8.47 

Alkalinity  mg/L as CaCO3 158 104 187 

Hardness mg/L as CaCO3 170 112 196 

Hardness - Calcium mg/L as CaCO3 92 57 125 

Hardness - Magnesium mg/L as CaCO3 77 24 94 

Total Organic Carbon mg/L 5.14 4.24 7.08 

Geosmin(2) ppt    

MIB(2) ppt    

Color(1) CU 42 18 163 

ORP(1) mV 220 148 415 

Iron(2) µg/L    

Manganese(2) µg/L    

Aluminum(2) mg/L    

Copper(2) mg/L    

Silica(2) mg/L    

Sodium(2) mg/L    

Chloride(2) mg/L    

Fluoride(2) mg/L    

Sulfate(2) mg/L    

Notes: 

(1) Taken from 50-year WSP (CDM, 2009) for Arcadia Lake 
(2) Data missing from analysis, recommend period testing be performed. 

 Interim Enhanced Surface Water Treatment Rule (IESWTR). 

– Stage 1 Disinfectants/Disinfection By-Products Rule (Stage 1 D/DBPR). 

 Stage 2 Microbial/Disinfection By-Products Rules. 

– Long Term 2 Disinfectant/Disinfection By-Products Rule (Stage 2 D/DBPR) 

 Groundwater Rule (GWR) 



December 2013 - FINAL 3-24 
pw://Carollo/Documents/Client/OK/Edmond/8967A00/Deliverables/Ch03 

 Potential Future Regulations: 

– Hexavalent chromium, also referred to as Chromium 6 

– N-Nitrosodimethylamine (NDMA) 

– Contaminant Candidate List 3 (CCL 3) Chemicals 

It is not the purpose of this evaluation to summarize all of the requirements of these existing 
or proposed regulations. This review focuses on the compliance status of the current WTP 
and an evaluation of the current and potential future source water supplies to target areas 
to address as part of any new treatment alternative. 

MORs from 2009 through 2012 for the Arcadia Lake WTP were examined to determine 
compliance with the current and future regulations. A summary of the regulatory compliance 
status of the Arcadia Lake WTP with respect to the current and potential future regulations 
is provided in Table 3.4. 
 

Table 3.4 Current Regulatory Status of Arcadia Lake WTP 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Regulation Arcadia Lake WTP Distribution System Comments 

CWA and 1986 Amendments 

VOCs Compliant Compliant (1) 

SOCs Compliant Compliant (1) 

IOCs Compliant Compliant (1) 

TCR NA Compliant (1),(2) 

Arsenic Compliant Compliant (1),(3) 

Lead and Copper Compliant Compliant (1),(4) 

Radionuclides Compliant Compliant (1),(5) 

Radon (proposed) Compliant Unknown (6) 

CT (Disinfection) Compliant NA (7) 

Turbidity (Filtration) Compliant Compliant (1),(8) 

Secondary Maximum Contaminant Limits (SMCLs) 

Chloride Below Below SMCL = 250 mg/L 

Color Below Below SMCL = 15 cu 

Manganese Below Below SMCL = 50 ppb(9) 

Copper Below Below SMCL = 1.0 mg/L 

Corrosivity UK UK Non-Corrosive(10) 

Fluoride Below Below SMCL = 2.0 mg/L 
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Table 3.4 Current Regulatory Status of Arcadia Lake WTP 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Regulation Arcadia Lake WTP Distribution System Comments 

Foaming Agents ND ND SMCL = 0.5 mg/L 

Iron Below Below SMCL = 0.3 mg/L  

Odor   SMCL= 3 TON(11) 

Silver UK UK SMCL = 0.1 mg/L 

Sulfate Below Below SMCL= 250 mg/L 

TDS Below Below SMCL = 500 mg/L 

Zinc Below Below SMCL = 5 mg/L 

pH   SMCL= 6.5 - 8.5(12) 

Microbial and Disinfection By-Products Rules 

SWTR - Turbidity Compliant NA (13) 

SWTR – CT Compliant NA (14) 

IESWTR-Turbidity CFE Compliant NA (15) 

IESWTR- Turbidity 
Filter 

Compliant NA (15) 

Crypto MCLG Compliant NA (16) 

LT1/LT2 Crypto Compliant NA (16) 

Stage 1 D/DBP – TOC 
Removal 

Compliant NA (17) 

Stage 1 D/DBP – 
Disinfection By-Product 

Compliant Compliant (18) 

Stage 1 D/DBP - 
Bromate 

Compliant Compliant (19) 

Stage 2 D/DBP – 
Disinfection By 
Products 

Compliant Compliant (20) 

Notes: NA = Not Applicable, C = Compliant, NC = Non Compliant, UK = Unknown 

(1) The measured concentration of these compounds occurs in concentrations well below the 
Maximum Contaminant Limits (MCLs) or Action limit (AL). 

(2) Based upon results of Total Coliform and Fecal Coliform Samples collected at distribution 
system sites, Edmond has not had an acute or monthly violation of the Total Coliform Rule over 
the past ten years. 

(3) According to the 2009-2012 laboratory analysis, all finished water samples were below the 
10 µg/L MCL. 

(4) Sample locations for the Lead and Copper rule showed compliance with the requirements that 
the 90th percentile of the samples be below 0.015 mg/L for lead and below 1.3 mg/L for copper. 

(5) According to the 2009-2012 laboratory analysis, all finished water samples were below the MCL 
for Gross Alpha, Beta, Radium (226 & 228), and Uranium. 
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Table 3.4 Current Regulatory Status of Arcadia Lake WTP 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Regulation Arcadia Lake WTP Distribution System Comments 
(6) According to the 2009-2012 laboratory analysis, all finished water samples were below the 

proposed 300 pCi/L MCL for Radon. 
(7) Disinfection CT using free chlorine is achieved through the existing clearwells for 0.5 log 

removal of Giardia. At a pH= 9.0, Temp 5.0 C, 0.3 T10/T, 0.8 mg/L free chlorine residual, the 
clearwells have sufficient volume to disinfect a flow of up to 30 mgd. 

(8) Based upon the analysis of historical filter effluent turbidity, the plant is in compliance with 
95 percent of the collected samples below 0.3 NTU and all samples below 5 NTU. 

(9) The softening process is the primary removal mechanism for manganese. Most of the analysis 
indicated manganese was below detectable limits. 

(10) Plant Staff report that recarbonation is controlled to maintain a positive Langelier Index (LI) and 
a Calcium Carbonate Precipitation Potential (CCPP) below 10 mg/L as CaCO3. 

(11) Geosmin and MIB have been detected in the raw water but are usually removed to below 
detectable levels through the ozonation and Biofiltration processes.  

(12) Plant Staff generally control pH to 8.5 to 9.0 to avoid a negative LI. 
(13) Based upon the analysis of historical filter effluent turbidity, both facilities are in compliance with 

95 percent of the collected samples below 0.3 NTU and all samples below 1 NTU. 
(14) Disinfection CT using free chlorine is achieved through the existing clearwells for 0.5 log 

removal of Giardia. At a pH= 9.0, Temp 5.0 C, 0.3 T10/T, 0.8 mg/L free chlorine residual, the 
clearwells have sufficient volume to disinfect a flow of up to 30 mgd. 

(15) Based upon the analysis of historical common filter effluent (CFE) and individual filter effluent 
turbidity, all CFE turbidity and individual samples were below 0.3 NTU in 95 percent of the 
samples and below 1.0 NTU at all times indicating excellent performance for at least 2.0-log 
removal through the treatment process. 

(16) Based upon the historical sampling of Arcadia Lake, the analysis indicates no significant 
presence of Cryptosporidium cysts in the source water. As a result, the current Bin 1 
classification of the source water indicates that no additional disinfection and/or physical 
removal processes are required under this regulation. 

(17) Based upon the analysis Arcadia Lake, the running annual average of TOC reduction ratios are 
below the required values either by TOC or SUVA reduction through the treatment processes. 

(18) Based upon the 2009-2012 water quality analysis the TTHM and HAA values of the running 
annual average in the distribution system required by both the Stage 1 and Stage 2 D/DBR are 
below the 80 µg/L and 60 µg/L limits, respectively. 

(19) Plant staff have reported that bromide levels periodically cause concerns with the operation of 
the Ozone system particularly during the warmer summer months 

(20) Samples collected since compliance date of October 1, 2012 have been below the locational 
Running Annual average limits of TTHM and HAA of 80 µg/l and 60 µg/L limits. However, the 
RAA limits are within 90 percent of the limits for TTHM due to higher values experienced during 
the summer sampling periods. 

Although all water treatment plants must meet existing water quality regulatory standards, it 
is important to anticipate that future water quality standards may be more stringent than 
existing standards. Table 3.5 presents the results of the finished water quality workshop 
conducted with City staff to establish key parameters and finished water quality goals for 
any expanded or new treatment facility. Some of the parameters listed, such as pH and 
alkalinity, are not primary drinking water standards. However, they are included because 
they affect finished water stability and are of concern with respect to the aesthetic quality of 
the distribution system water. 
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Table 3.5 Finished Water Quality Goals for Expansion 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Regulation Goal Regulatory Limit Comments 

Microbial Removal/Inactivation Performance 

Filter Effluent Turbidity < 0.3 NTU for 95% of 
individual Filter 
Readings 
< 1.0 NTU in 100% of 
individual Filter 
Readings 

< 0.3 NTU for 95% 
of individual Filter 
Readings 
< 1.0 NTU in 100% 
of individual Filter 
Readings 

Eventual Goal of 
Partnership Standards 
for New Designs: 
< 0.1 NTU for 95% of 
individual Filter Readings 
< 0.3 NTU in 100% for 
individual filter Readings. 

Giardia Inactivation >2.5 log removal 
through filters 
>0.5 log inactivation 
through Disinfection 
>3.0 total 

3-log removal/ 
inactivation 

Design Disinfection for 
0.5 log inactivation for all 
flows at coldest recorded 
temperatures. 

Virus Inactivation > 2.0 log removal 
through filters 
> 2.0 log inactivation 
through Disinfection 
> 4.0 log removal 
(total) 

2-log removal/ 
inactivation 

Design Disinfection for 2-
log inactivation for all 
flows at coldest recorded 
temperatures.  

Cryptosporidium 
Inactivation 

> 2.0-log removal 
through filtration 

2-long removal/ 
inactivation 

Design Disinfection for 
Bin 1 facility 

TOC Removal 
Through Process 

> 25% Removal 25% Removal Maximize through 
coagulation process. 
Prepare for enhanced 
coagulation with acid 
addition if changes in 
water quality require. 

Disinfection By-Products 

TTHM(1) < 64 µg/L < 80 µg/L Set internal goal of 80% 
of MCL set by the Stage 
2 D/DBPR. 

HAA5(1) < 48 µg/L < 60 µg/L Set internal goal of 80% 
of MCL set by the Stage 
2 D/DBPR. 

Total Chlorine 1.2-1.5 mg/L < 4.0 mg/L  

Bromate (BrO3
-) <5 µg/L < 10 µg/L If Ozone is considered, 

bromate control should 
be implemented at 50% 
of the MCL due to 
potential for EPA to 
reduce limit from 10 to 5 
µg/L in the future. 
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Table 3.5 Finished Water Quality Goals for Expansion 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Regulation Goal Regulatory Limit Comments 

Chlorite (ClO2
-) < 0.4 mg/L < 1.0 mg/L If Chlorine Dioxide is 

considered, Chlorite 
control should be 
implemented to limit 
taste and odor 
complaints due to high 
chlorite levels. 

Finished Water Stability 

pH 8.5 to 9.0 s.u N/A Sufficient to retain 
effectiveness of 
disinfectant and high 
enough to limit 
nitrification. 

Total Hardness 150 mg/L as CaCO3 NA Internal Softening goal 

CCPP 4-10 mg/L as CaCO3 N/A  

LI Slightly Positive N/A Protection of Distribution 
System Concrete Mortar 
Lining 

Alkalinity 80-100 mg/L as 
CaCO3 

N/A Reduction of iron 
corrosion. Studies 
indicate that redwater 
complaints are 
minimized with 
alkalinities above 80 
mg/L.  

Secondary/Aesthetics 

Iron (total) < 0.2 mg/L SMCL =  
0.3 mg/L 

Existing process 
achieves the 0.2 mg/L 
goal provided. 

Manganese (total) < 0.03 mg/L SMCL =  
0.05 mg/L 

Existing process 
achieves the 0.03 
mg/L goal. 

Ammonia (total) 0.05 – 0.1 mg/L N N/A Goals to minimize 
nitrification through 
distribution system 
(AWWA 2006) 

Fluoride No addition < 2.0 mg/L  

Contaminants of 
Emerging Concern 

Not applicable Not Regulated Not Regulated of 
minimal presence in 
source waters. 

NDMA ND Not Regulated California Action Level 
is 10 ηg/L 

Notes: 
(1) Running annual average of locations selected in accordance with IDSE (typically long duration 

time) required by Stage II D/DBPR. 
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Based upon the results of the regulatory evaluation, we have identified the following 
challenges to any expansion project: 

 Maintain Compliance with Stage 2 D/DBP Requirements: Recent data from the 
distribution system (collected August 2013) indicate difficulties with compliance with 
the Locational Running Annual Average Water Quality Goals of < 64 µg/L TTHM at 
each of the sites when utilizing only water from Arcadia Lake.  

 Maintain Compliance with Stage I D/DBP Bromate Requirements: Plant staff have 
periodic difficulty in maintaining sufficient ozone concentration and contact time to 
achieve SWTR disinfection requirements without exceeding the bromate limits. 

3.5.1.2 Hydraulic Evaluation – Intake and Low Lift Pumping 

The arrangement of the intake and low lift pump system is presented in Figure 3.6. A 
calibrated hydraulic model was created to determine the capacity of the existing raw water 
delivery systems. A summary of the hydraulic limitations through the intake, low lift pump 
station and associated transmission pipelines is presented in Figure 3.7. The results of the 
hydraulic assessment of the existing intake structure are as follows: 

 The maximum hydraulic flowrate from Arcadia Lake through the existing intake and 
associated 18-inch pipeline is approximately 20 mgd based upon the 95% confidence 
lake level elevation of 991.0 as established by the Firm Yield Analysis of Arcadia 
Lake, Edmond, OK (March 2012). 

 The maximum flowrate from Arcadia Lake to the low lift pump station is, however, 
limited to 10.5 mgd based upon an upper limit of 8 ft/sec for the velocity through the 
18-inch pipeline. If a variance is obtained from the United States Army Corps of 
Engineers (USACE) for higher velocities, it appears that as much as 17.5 mgd can be 
taken through the 18 inch pipeline (corresponds to a pipeline velocity of 15 ft/sec). 

 Due to concerns regarding the intake design for the low lift pump station, most 
notably approach velocity, the intake portion of the low lift pump station is limited to 
13 mgd (firm pumping capacity is 12 mgd at 50 TDH). However, modifications can be 
made within the existing structure to improve the capacity of the pump station to up-to 
17 mgd through intake modifications and upgrades to the low lift pumps to install 
variable frequency drives (VFDs) in order to better maintain a fixed level in the screen 
house. 

 Based upon a velocity of 8 ft/sec, the existing 36-inch transmission pipeline is limited 
to a capacity of 35 mgd. However, at this capacity, the existing low lift pumps would 
have to be upgraded to satisfy the new head conditions and a second low lift pump 
station would be required to attain the increased capacity. Expansion beyond 35 mgd, 
would require the addition of a parallel pipeline.  
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3.5.1.3 Hydraulic Evaluation – Treatment Facilities 

A hydraulic evaluation was conducted at the Arcadia Lake WTP to determine hydraulic 
limitations to expansion. In this manner, the anticipated costs associated with the hydraulic 
expansion of the plant can be determined. The scope of the hydraulic analysis begins at the 
first treatment structure (i.e., screen house) and ends at the high service pump station. 

The hydraulic evaluation was performed utilizing the existing drawings, previous survey 
information of top of structures, and Carollo’s Hydraulix™ software to determine water 
surface elevations at the major treatment features. The model parameters such as flow 
constants “K” and roughness coefficients “C” were calibrated utilizing field measurements 
conducted at a minimum of two different flow rates through the treatment facilities. The 
following sections discuss the hydraulic analysis, identify the hydraulic bottlenecks, and 
discuss the implications for potential facility expansion. 

A calibrated hydraulic profile of the treatment facilities is presented in Figure 3.8. The 
hydraulic model assumed the following: 

 All processes except the GAC filters are in operation: Two (2) flocculating clarifiers, 
four (4) softening basins, eight (8) filters and (2) clearwells. 

 Filter operating Level: 994.87 ft. 

 Clearwell Weir Elevation: 987.50 (filter available head 7.37 ft). 

The hydraulic model included the following hydraulic improvements conducted since the 
original plant was constructed: 

 The portion of the raw water line from the screen building to the air sparging chamber 
was increased from 24” to 30” in diameter. 

 The overflows in the screen house were raised to an elevation of 103 ft. 

 The opening from the preozonation structure to the primary rapid mix were increased 
from 24-inches to 36-inches.  

 The top of the overflow baffle walls in the post-ozonation basin were reduced by 8.5 
inches to improve the flow conditions within the basins. 

A summary of the calibrated model predictions for the capacity of each major segment in 
and out of a unit process is provided in Figure 3.9. This figure indicates that a majority of 
the unit processes and supply segments have a capacity of at least 17.5 mgd with the 
exception of the following: 

 The piping between the preozonation structure and the primary rapid mix. 

 The piping from the flocculating clarifiers to the secondary rapid mix 

 The piping between the softening basins and the recarbonation basin.  

A locational plan of these hydraulic restrictions is provided in Figure 3.10. Plant staff has 
long reported the segment between the softening units and the recarbonation basin as an 
impediment to processing a higher flow rate through the plant due to scale buildup in the 
pipeline that must be annually jetted to maintain plant capacities.
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3.5.1.4 Process Evaluation – Water Treatment 

The purpose of the process evaluation is to examine each unit process within the overall 
treatment process at each of the facilities to determine the unit process or processes that 
must be modified or changed to increase the overall process rating of each facility.  

The process evaluation examines key design parameters of each unit process and 
determines the estimated capacity from industry design standards for that unit process. The 
evaluation reveals which portions of the treatment process will require modification to 
achieve a certain capacity, what modifications are required, and the costs of these 
modifications. Together with the hydraulic evaluation, this will provide the estimated costs 
associated with an incremental expansion (if possible) for the facility.  

3.5.1.4.1 Intake and Raw Water Pumping/Screening System 

The current design criteria for each of the elements of the raw water pumping and 
screening system at the Arcadia Lake WTP compared with the design criteria is presented 
in Table 3.6. The design criteria utilized for the process rating include those established by 
the ODEQ,252:626: Public Water Supply Construction Standards (July 2012), Ten State 
Standards - Recommended Standards for Water Works (2007 edition), and Carollo’s 
experience in rerating similar unit processes. 
 

Table 3.6 Arcadia Lake Intake and Raw Water Pumping/Screening 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Unit 
Process 

Design 
Parameter Unit 

Design 
Value 

Design (ODEQ) 
Requirements Comments 

Arcadia 
Lake Intake 

No of 
Openings 

each 6 NA 2’-6”x 3’6” Gates 

Trash Screen 
Clear Opening 

sq ft 5.87 NA Assumes 50% 
blockage 

Screen 
Velocity 

ft/sec 2 45 mgd  

Pipe Intake inches 18 NA  

Pipe Velocity ft/sec 15 17.5 mgd General Hydraulic 
Standard 
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Table 3.6 Arcadia Lake Intake and Raw Water Pumping/Screening 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Unit 
Process 

Design 
Parameter Unit 

Design 
Value 

Design (ODEQ) 
Requirements Comments 

Raw Water 
Pump 
Station 

No. of Pumps each 4 NA 50 HP, 480V, 3ph, 
60 Hz 

Pump Capacity mgd 4 12 mgd At 50 ft TDH 

Discharge Pipe 
Diameter 

inches 36 NA  

Discharge 
Hydraulic 
Capacity 

ft/sec 8 37.5 mgd  

Screen 
House 

Screen Type Direct Flow through, traveling, self 
cleaning 

 

Screen 
Opening 

inches 3/8 NA  

No of Screens each 2 NA  

Screen Clear 
Area 

sq ft   Assumes 80% 
blockage 

Screen 
Velocity 

ft/sec  12 mgd  

Given the pumping firm capacity, the limits of the existing raw water pumping system can 
be taken as 12 mgd due to the firm capacity of the screens at the screen house.  

3.5.1.4.2 Treatment Process 

The current design criteria for each of treatment processes at the Arcadia Lake WTP 
compared with certain design criteria are presented in Table 3.7. The design criteria utilized 
for the process rating include those established by ODEQ,252:626: Public Water Supply 
Construction Standards (July 2012), Ten State Standards - Recommended Standards for 
Water Works (2012 edition), and Carollo’s experience in rerating similar unit processes. 
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Table 3.7 Arcadia Lake WTP Process Design Criteria 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Unit Process 
Design 
Parameter Unit 

Design 
Value 

Design 
(ODEQ) 
Requirements Comments 

PreOzone 
Basin 

Number each 2  3 passes 

Type Counter Current  

Depth ft 24   

Volume gal 125,170   

Detention Time min 36 Satisfy CT 
Tables 

Per basin 

Purpose Microflocculation, Disinfection, preoxidation(1) 

Dose mg/L 0.5 – 
2.0 

NA Average 1.0 mg/L

Transfer Effluent % 90  Minimum 

T10/T 0.6    

Primary Rapid 
Mix Basin  

Velocity Gradient 
(G) 

sec-1 190 Engineer 
Determined 

>1,000 

No of Basins each 2 NA  

Basin Volume cu ft 1337 NA 24 ft SWD 

Impeller 
Diameter 

inches 36   

Tip Speed ft/sec 7 <10  

Detention Time 
(Each)) 

sec 20 30 (max) At 28 mgd 

Location N/A 500 ft Close to Floc 
Basin 

 

D/Te None 0.38 N/A 0.25 to 0.40. See 
Note 2 

Flocculating 
Clarifiers 

Floc Detention 
Time 

min 15 20  4.5 mgd 

No of Units ea 2 2  

Well Dimension diameter 36 ft Diameter, 7.5 SWD  
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Table 3.7 Arcadia Lake WTP Process Design Criteria 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Unit Process 
Design 
Parameter Unit 

Design 
Value 

Design 
(ODEQ) 
Requirements Comments 

Diameter ft 90 NA SWD = 16 ft 

Settling Volume cu ft 100,000 4 hours 4.5 mgd 

Loading Rate gpm/sq ft 1.0 7.7 mgd  

Conduit Velocity ft/sec 0.5 to 
1.5 

7.3 mgd @ 1.5 ft/sec 

Vertical 
flocculators 

each 4 EA Axial Flow 
Impellers 

Velocity Gradient 
(G) 

sec-1 200 NA See Note 3 

Impeller 
Diameter 

ft 4’-2” NA  

Impeller Tip 
Speed 

ft/sec 6.3-3.7 <8 ft/sec  

Weir Loading 
Rate 

gpd/ft 8,500 < 20,000  

Softening 
Basins 

Basin Volume cu ft    

Quantity each 4 NA Hydraulic Type 

Basin Diameter ft 47.33 NA  

Water Depth ft 29  NA  

Sludge Blanket 
Volume 

cu ft 7,650 15 min 2.9 mgd 

Recirc Capacity gpm Process 
Flow 
Rate 

Recirc Ratio<1 No Mixer 
(hydraulic) 

Detention Time hours 3 NA 0.78 mgd 

Rise Rate gpm/sq ft 1 2.53 mgd  

Weir Loading 
Rate 

gpd/ft 20,300 <20,000 3 mgd 
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Table 3.7 Arcadia Lake WTP Process Design Criteria 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Unit Process 
Design 
Parameter Unit 

Design 
Value 

Design 
(ODEQ) 
Requirements Comments 

Secondary 
Flash Mix 

Velocity Gradient 
(G) 

sec-1 195 Engineer 
Determined 

>1,000 

No of Basins each 2 NA  

Basin Volume cu ft 1283 NA 22 ft SWD 

Impeller 
Diameter 

inches 36   

Tip Speed ft/sec 7.7 <10  

Detention Time 
(each) 

sec 20 30 (max) At 24 mgd 

Post Sed 
Ozone 

Number ea 1 4 passes, Concurrent/counter 
current 

Type Fine Bubble, Fixed Diffuser 

Depth ft 19   

Volume gal 106,870   

Detention Time min 15.4 Not Applicable See Note 4 

Transfer Effluent % 90  Minimum 

Purpose Disinfection & Taste and Odor 

Dose mg/l 2.0 – 
4.0 

NA Average 2.5 

Dual Media 
Filters 

Surface loading 
Rate 

gpm/sq ft 3.8 < 4 14.5 with one out 
of service 

No of Filters each 8 14.5 mgd  

Filter Surface 
Area 

sq ft 365 NA L:W Ratio: 2:1 

Filter Approach 
Velocity 

ft/sec 2 18 Mgd Based upon 36 “ 
Filter inlet Piping 

L/D Ratio  1355 N/A >1,200 

Media Depth ft  N/A  

Anthracite inches  16.5   
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Table 3.7 Arcadia Lake WTP Process Design Criteria 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Unit Process 
Design 
Parameter Unit 

Design 
Value 

Design 
(ODEQ) 
Requirements Comments 

Sand inches 9.0   

Garnet inches 4.5   

Gravel inches 12   

Underdrain Type Leopold  

UFRV gal/SR 4,000 – 
10,000 

10,000 See Note 5 

Water Above Media ft 5 N/A  

GAC Pump 
Station 

No. of Pumps each 5   

Pump Capacity gpm 2,600  Each Pump @ 63 
TDH 

Total (Firm) mgd 15   One pump out of 
Service 

GAC 
Contactors 

No of Contactors each 9   

Type – Vertical Welded Steel Pressure Type Vessels 

Design Flow 
(Each) 

mgd 1.47   

Capacity (Firm) mgd 11.8   

EBCT min 7   

Loading Rate gpm/sq ft 9.0  Based upon 
EBCT 

GAC Depth ft 9.0   

Finished Water 
Clearwells 

Number each 2   

Type Circular, Partially Buried, Concrete 

T10/T ND 0.3  Unbaffled 

CT Volume MG 3.77 27 mgd CT (@ 5 deg C) 

Working Volume MG 4.23 27 mgd 15% of PDD 
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Table 3.7 Arcadia Lake WTP Process Design Criteria 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Unit Process 
Design 
Parameter Unit 

Design 
Value 

Design 
(ODEQ) 
Requirements Comments 

Finished Water 
Pumping  

No of Pumps each 4   

Type Vertical Turbine, Constant Speed 

Capacity mgd 4 NA @ 120 psig 

Capacity  mgd 8 NA @ 120 psig 

Firm Capacity mgd 16  @ 120 psig 

Notes: 

(1)  The main objectives of the Preozonization process is to provide primary disinfection for 0.5 
log of Giardia and 2 log removal of viruses. In the event this is infeasible due to bromated 
formation concerns, there is sufficient CT available in the clearwells to provide disinfection 
through the use of free chlorine. 

(2) Records the diameter of the impeller with respect to the equivalent diameter of the rapid mix 
tank. Range indicative of good mixing characteristics according to Kawamura (2000).  

(3) Estimated G value based upon the horsepower, speed, and configuration of the mixers within 
the flocculating clarifier.  

(4) Detention time requirements based upon CT Tables for Ozone Disinfection for 0.5 log Giardia 
and 2 log virus.  

(5) Unit Filter Run Volume (gallons) is the net gallons of water processed through the filter during 
an average filter run over the period in question. It is indicative of the efficiency of the filtration 
process.  

A summary of the design limitations of each of the unit processes at the Arcadia Lake WTP 
is provided in Figure 3.11. Given this, the following can be concluded regarding any 
potential expansion of the WTP: 

 The clarification process should be limited to approximately 8 mgd total based upon 
flocculation detention and settling detention time. The process can be improved to a 
higher loading rate through addition of a coagulant aid polymer with alum addition 
located in the center column prior to flocculation. However, as a pretreatment step in 
a parallel treatment process, the units can perform in this capacity at the 12 mgd 
current process rating.  

The softening process represents the major process restriction to expansion of the Arcadia 
Lake WTP. The process is limited to 10.5 mgd due to the settling rate and detention time 
within the softening basins. The helical softeners have the advantage of very few internal 
moving parts but the lack of controlled recycling and low solids blanket volume means that 
the surface overflow rate must be maintained at a lower rate in order to maintain proper 
effluent turbidities and avoid upsetting the treatment process. Expansion of the softening 
process beyond 10.5 mgd will require additional softening basins. 
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 Expansion of the ozone process without the need for additional structures is possible 
given the following: 

– Taste and odor removal and microflocculation in the postozone contactor is 
possible up to 39 mgd. Disinfection CT for Giardia can be achieved in the pre-
sedimentation process within the existing basin without modification a 
capacities up to 20 mgd based upon a hydraulic detention time of 8 minutes 
and a baffle factor of 0.6. Virus disinfection would have to be achieved using 
free chlorine in this instance.  

 Expansion of the filtration process without the need for additional structures is 
possible by expanding the filtration rate from 3.8 gpm/sq ft to 6 gpm/sq ft. This would 
rerate the filtration process to approximately 22.8 mgd with the largest unit out of 
service.  

 A variance from ODEQ will be required to permit a portion of the expanded flow to 
bypass around the GAC adsorption process. Based upon discussions with ODEQ, 
this variance would be acceptable given that the current GAC process does not 
address any particular state regulatory requirement. 

3.5.1.4.3 Clearwell Storage: 

The two existing 4 MG, partially buried, concrete, unbaffled clearwells provide sufficient 
disinfection storage volume to accomplish the required 0.5-log inactivation of Giardia and 2-
log inactivation of viruses for up to 27 mgd of plant flow at pH – 9.0 and temperatures down 
to 5 degrees C. This also permits the remainder of the volume to be utilized for the 
recommended 15% of peak day treated water flows at this same capacity (27 mgd).  

However, as discussed in Chapter 4, additional volume comprising 85 percent of the 
storage volume will be needed to equalize both treatment plant flows and distribution 
system peak hour flows as the system grows. As a result, the remaining volume, when 
properly baffled, can achieve similar disinfection benchmarks for flows up to 17 mgd. As a 
result, expansion beyond 17 mgd will require additional baffled clearwell capacity to satisfy 
disinfection requirements, and provide equalization flows for the treatment max day and 
distribution system peak hour demands. 

3.5.1.4.4 Chemical Storage and Feed Systems: 

The current design criteria for each of chemical storage and feed systems at the Arcadia 
Lake WTP compared with certain design criteria are presented in Table 3.8. The design 
criteria utilized for the process rating includes those established by ODEQ,252:626: Public 
Water Supply Construction Standards (July 2012), Ten State Standards - Recommended 
Standards for Water Works (2012 edt.), and Carollo’s experience in rerating similar unit 
processes. 
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Table 3.8 Arcadia Lake WTP Chemical Storage and Feed Design Criteria 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Unit Process 
Design 
Parameter Unit 

Design 
Value 

Design 
(ODEQ) 
Requirements Comments 

Primary Process Chemicals 

Lime  Dose range mg/L as 
CaO 

100-240 NA 140 average 

Silos each 2 NA 4,360 cu ft each 

Storage (total) cu ft 8,720 13.0 mgd 30 days @ 
AAD/AD 

Feeders each 2 NA 2,000 pphr 

Feeders (Firm) pphr 1-2,000 
1-1,000 

22 mgd Based upon PD 
dose 

Ozone Dose Range mg/L  1.0-6.0 NA 3.4 average 

LOX Tanks each 2 NA 6,000 gallon 
Each 

Storage (total) lbs XX XX mgd 30 days @ 
AAD/AD 

Vaporizers each 3 Na 3,500 scfh/Each 

Vaporizers (Firm) scfh 7,000 XX mgd Based up PD 
Dose 

Generation Units Each 3 NA 650 ppd 

Generation Units 
(Firm) 

each 1,300 
ppd 

26 mgd Based upon PD 
Dose 

Carbon Dioxide Dose Range mg/L 19-66 NA 46 mg/L Average 

Tanks each 2 NA 26 tons 

Storage (total) tons 52 9.0 mgd Based upon 
AAD/AD 

Vaporizer each 2 NA 19,200, 5,900 

Vaporizers (firm) each 5,900 
ppd 

10.7 mgd Based upon PD 
Dose 

Chlorine Dose Range mg/L 2.7-9.5 NA 2.4 mg/L Average

Cylinders each 5 NA 1-ton 

Storage (total) tons 5 16.6 30 days @ 
AAD/AD 



December 2013 - FINAL 3-46 
pw://Carollo/Documents/Client/OK/Edmond/8967A00/Deliverables/Ch03 

Table 3.8 Arcadia Lake WTP Chemical Storage and Feed Design Criteria 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Unit Process 
Design 
Parameter Unit 

Design 
Value 

Design 
(ODEQ) 
Requirements Comments 

Chlorinators each 3 NA (1) 500 ppd, (2) 
100 ppd 

Chlorinators 
(firm) 

ppd 2-250 
1-200 

2.52 Based upon PD 
Dose 

Secondary Process Chemicals 

Coagulant – 
Alum(1) 

Dose Range mg/L 2-40 NA Average 15 mg/L 

Silos each 1 NA  

Storage (total) tons 44 23 mgd 30 days@ 
AAD/AD 

Feeders each 2 Na 10,400 Ea 

Feeders (firm) ppd 10,400 31 mgd Based up PD 
Dose 

Coagulant Aid 
Polymer 

Dose Range mg/L 0.6-4.5 NA Average 1.3 

Feeders each 2 NA Polyblend 

Feeders (Firm) each 0.04-4.5 
gph 

24 mgd Share a common 
feeder w/fa 
polymer 

Filter Aid 
Polymer  

Dose Range Mg/L 0.2-3.4 NA Average 1.0 mg/L

Feeders each 2 NA 0.04-4.5 gph 

Feeders (Firm) each 0.04-4.5 
gph 

 31 mgd  

Sulfuric Acid Dose Range mg/L NA  Not dosed 

A summary of the capacity limitations of the chemical storage and chemical feed systems is 
presented in Figure 3.12 and Figure 3.13, respectively. Given this, the following can be 
concluded regarding the expansion of the existing chemical feed systems: 

 The existing lime and carbon dioxide system storage is inadequate to accommodate 
expansion of the softening process beyond 10.5 mgd of softening capacity. 
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 Above an expansion capacity of 17 mgd, the existing chlorine storage system must 
be expanded which means the decision to convert from gaseous chlorine to a safer 
alternative should be made at this juncture. 

 The softening/recarbonation system limits the expansion of the softening process is 
limited to 10.5 mgd based upon the carbon dioxide feeders. 

 If the chlorine system is going to be relied upon to provide primary disinfection in the 
future, the chemical feed system should be expanded to provide a larger firm 
capacity.  

3.5.1.5 Condition Assessment 

A sitemap of the Arcadia Lake WTP indicating facility age is provided in Figure 3.14. A 
cursory inspection was made as part of this master planning effort of the criticality and 
condition of the major structures and treatment components necessary for WTP operation. 
A summary of the criticality report is provided in Appendix D. This report was utilized to 
develop a scheduled replacement CIP for the WTP over the planning period. In summary: 

 All of the concrete structures were in excellent condition and should be capable of 
continued operation throughout the duration of the planning period. 

 Should the clarification equipment be utilized, the clarifiers should be rehabilitated by 
recoating, replacing the scraper blade assembly, replacing the clarifier drive, and 
providing new electrical and instrumentation power feeds. 

 Table 3.9 provides a summary of the prioritized rehabilitation/replacement items for 
the existing facilities in the next, 5, 10, and 20 years. 

Table 3.10 presents a summary of the rehabilitation and replacement costs associated with 
maintaining the existing Arcadia Lake WTP reliable capacity of 10.5 mgd. A summary of the 
detailed costs is provided in Appendix E. 



FIGURE 3.14– SUMMARY OF ARCADIA WTP FACILITY AGE 
WATER & WASTEWATER SYSTEM MASTER PLAN 

CITY OF EDMOND, OKLAHOMA 
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Table 3.9 Proposed Arcadia Lake WTP Condition Capital Improvement Projects(1) 

Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Item 
Rehabilitation or 
Replacement 

Mechanical/Architectural/ 
Structural/Electrical/ 
Instrumentation & Control 

Rehabilitation/Replacement (0-5 years) 

Primary Rapid Mix(2) Rehabilitate M, E, I&C 

Flocculating Clarifier(2) Rehabilitate M, STRU, E, I&C 

Lime Feed System(3) Replacement M, A, S, E 

Rehabilitation/Replacement (5-10 years) 

Screen House(4) Rehabilitate M, E 

Secondary Rapid Mixer(5) Rehabilitate M, E 

High Lift Pump Station(6) Rehabilitate M, E 

Softening Basins(7) Rehabilitate M, E 

Chlorine System(8) Rehabilitate M, E, STRU, I&C, ARCH 

Filter Media and Valve 
Rehabilitation(9) 

Rehabilitate M, E, STRU, I&C  

New Maintenance Building(12) Replacement M, E, STRU, E, I&C 

Administration & Control Room(10)(12) Rehabilitate M, E, HVAC, STRU, E, I&C 

Rehabilitation/Replacement (10-20 years) 

Pre Ozone Basin(11) Replacement M, E 

Flocculating Clarifiers(2) Replacement M, E 

Softening Basins(12) Replacement Complete Replacement 

Post-Ozone Basin(11) Replacement M, E 

Ozone System(12) Replacement Complete Replacement 

Chemical Feed Systems(12) Replacement Complete Replacement 
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Table 3.9 Proposed Arcadia Lake WTP Condition Capital Improvement Projects(1) 

Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Item 
Rehabilitation or 
Replacement 

Mechanical/Architectural/ 
Structural/Electrical/ 
Instrumentation & Control 

Notes: M = Mechanical, STRU = Structural, ARCH = Architectural, E = Electrical,  
I&C = Instrumentation and Control 

(1) The condition CIP is based upon field observation of criticality and condition of individual 
components and anticipated longevity of equipment, structures, and buildings of similar design 
and type. It is assumed that after 10 years, a WTP expansion will address new chemical feed 
systems and unit processes. 

(2) Rehabilitation of primary rapid mix and flocculating clarifier should only be conducted if split 
treatment (see below) is employed.  

(3) Install batch lime slaking system in new building with loop to feed clarifiers at clarifier inlet pipe 
to replace ageing equipment and eliminate need to jet lines. 

(4) Replace screening equipment and perform minor structural rehabilitation. 
(5) Rehabilitate gearbox and motor. Electrical and I&C completed in 2006.  
(6) Rehabilitate column bearings, motor bearings, bowl assembly, rewind motors.  
(7) Basin recoating and refurbishing of piping and blow down valves. 
(8) Increase safety, enclose chlorine storage, add chlorine scrubber and automated shutdown 

valves. 
(9) Filters should replace media, rehabilitate underdrains, replace valves and actuators. 

Rehabilitate/recoat piping. 
(10) Administration and control room rehabilitation should include the laboratory, offices, restrooms, 

and control room. Control room should be retrofitted with new displays, computers, UPS 
system, etc. 

(11) Includes replacement of the diffusers, analyzers, ozone destruct unit, and instrumentation. 
(12) Complete replacement of chemical system should be provided during the next expansion of the 

WTP. The ozone system was recently replaced, therefore, ozone should be replaced in the next 
10 to 20 years. 

 

Table 3.10 Proposed Arcadia Lake WTP Condition Capital Improvement Projects(1) 

Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Item Estimated Cost(1) 

Rehabilitation/Replacement (0-5 years)  

Primary Rapid Mix Rehabilitation $35,000 

Flocculating Clarifier Rehabilitation $100,000 

Lime Feed System Replacement(2)  

Rehabilitation/Replacement (5-10 years)  

Screen House Rehabilitation $90,000 

Secondary Rapid Mixer Rehabilitation  $45,000 

High Lift Pump Station Rehabilitation $120,000 

Softening Basin Rehabilitation  $80,000 
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Table 3.10 Proposed Arcadia Lake WTP Condition Capital Improvement Projects(1) 

Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Item Estimated Cost(1) 

Chlorine System Rehabilitation/Replacement(2)  

Filter Media and Valve Rehabilitation $100,000 

New Maintenance Building(2)  

Administration & Control Room Rehabilitation(2)  

Rehabilitation/Replacement (10-20 years)  

Pre Ozone Basin Rehabilitation $50,000 

Flocculating Clarifiers Rehabilitation(2) $1,900,000 

Softening Basins Replacement(2)  

Post-Ozone Basin Rehabilitation  $50,000 

Ozone System Replacement(2)  

Chemical Feed Systems Replacement(2)  

Notes: 

(1) All estimates include the following global markups applied in the order given: (General 
conditions 15%, Overhead and Profit, 7%, Taxes 7%, Contingency 50%, Engineering 25%, 
Construction allowance 5%. 

(2) Costs are included in the WTP expansion costs. 

3.5.2 Intake System Expansion Alternatives: 

3.5.2.1 General 

As previously discussed, the City selected the following path forward to address future 
water supply and treatment needs: 

 Approval of the City’s water rights application by OWRB to increase permitted 
capacity to an annual average of 17.8 mgd. 

 Drilling additional wells in the Garber-Wellington aquifer and connecting these to the 
existing and proposed transmission mains to enhance overall distribution system 
water quality and increase reliable supply.  

 Expanding the diversion and conveyance capacity from Arcadia Lake to the WTP.  

 Expanding the capacity of the WTP to satisfy peak day demands.  

3.5.2.2 Capacity Schedule: 

The capacity schedule for the Intake and Arcadia Lake WTP expansion is presented in 
Table 3.11. As previously indicated, the economic analysis indicates that the greater long-



December 2013 - FINAL 3-54 
pw://Carollo/Documents/Client/OK/Edmond/8967A00/Deliverables/Ch03 

term economic benefit can be achieved through a more rapid expansion of the Intake and 
WTP system to supply the capacity schedule listed in Table 3.11. 
 

Table 3.11 Proposed Arcadia Lake Intake and WTP Capacity Schedule(1) 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Year 

Total Demand 
Arcadia Diversion w/o 

IPR 
Arcadia Diversion w/ 

IPR 

AA PD AA PD AA PD 

2017(2) 14.2 27.3 12.9 21.1 12.9 21.1 

2022 15.7 30.6 14.0 24.2 14.0 24.2 

2027 17.3 33.7 15.1 25.7 15.1 25.7 

2032 19.0 40.4 16.2 29.1 16.2 29.1 

2042(3) 22.4 47.8 17.8 36.6 17.8 36.6 

Ult.(3)(4) 29.4 62.5 17.8 36.6 24.4 51.2 

Notes: 

(1) See Chapter 2 for a summary of the projected demands and timing of these demands. Peak 
day demands are based upon demand projections with passive conservation scenario. 

(2) The capacity schedule is based upon the Water Supply Scenario No. 3 “Maximize Arcadia 
Supplies” selected by City staff. 

(3) Rehabilitation of primary rapid mix and flocculating clarifier should only be conducted if split 
treatment (see below) is employed.  

(4) It is anticipated that by 2042, the total annual average demands will approach the total available 
yield of Arcadia lake (17.8 mgd) 

(5) Under the IPR scenario, the annual average and peak day demands would be supplied by a 
lake supplemented by reclaimed water from the wastewater facility at a rate of 6.6 mgd (annual 
average). Additional peak day demands of 14.6 mgd would be stored within the lake. 

3.5.2.3 Intake Capacity Expansion Alternatives 

As discussed in Section 3.4.1.2, the existing intake and low lift pumping is limited to 
approximately 12 mgd due to the firm capacity limitations of the existing pumps. limitations 
within the intake pump station and the conduit connecting the pump station with the intake 
structure. Since the selected water supply scenario relies on maximizing the existing 
Arcadia Lake supply for both annual average and peak day supply, this capacity will be 
exceeded within the next 5 years. Furthermore, since a majority of the costs associated 
with intake expansion are associated with the “sunk costs”, any new intake construction 
should be of sufficient capacity to satisfy the ultimate demands.  
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Given the current firm capacity of 12 mgd for the existing intake structure and low lift pump 
station, an expanded intake capacity of at least 40 mgd is required for the 51.2 ultimate 
demands with IPR supplement. However, it is recommended that the new intake be sized 
for a capacity of at least 45 mgd to account for 1) potential reduced peak day capacity 
through the existing intake and 2) potential reduced peak day capacity from existing and 
future wells over time.  

A summary of the alternatives considered for intake and transmission pipeline expansion is 
summarized in Figure 3.15. Table 3.12 summarizes the estimated costs associated with 
each alternative. A detailed breakdown of the cost opinion for each alternative is provided in 
Appendix H. 

During the development of the intake alternatives, Carollo conducted a meeting with the 
Tulsa District of the USACE to determine the feasibility of the use of the existing intake as 
proposed in Alternatives No. 1 and No. 2. The USACE staff indicated that additional 
hydraulic modeling and structural investigations would be required for both of these 
alternatives which could delay the permitting process for constructing said improvements. 
As a result, it is recommended that the City pursue the construction of a new 36-inch siphon 
facilities with low lift pump station for the new 45 mgd intake at Arcadia Lake. 
 

Table 3.12 Summary of Arcadia Lake Intake Expansion Alternatives 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Alternative Description Capital Cost 

No. 1(1)(2) Replace existing 18-inch pipe with 42-inch pipe $7,500,000 

No. 2(1)(2)(3) Parallel with encased 30-inch pipe $6,500,000 

No. 3(1)(2)(4) Parallel with 36-inch siphon $7,800,000 

No. 4(1)(2)(5) HDD Parallel 30-inch with Tee Screen $11,300,000 

No. 5(1)(2)(6) Cofferdam with Traditional multiport WS Intake and 
30-inch Pipe 

$13,500,000 

Notes: 

(1) All estimates include the following global markups applied in the order given: (General 
conditions 15%, Overhead and Profit, 7%, Taxes 7%, Contingency 50%, Engineering 25%, 
Construction allowance 5%. 

(2) All estimates assume that a variance can be obtained by the Corps of engineers to enable 
increase of existing intake capacity to 17 mgd. 



FIGURE 3.15– SUMMARY OF INTAKE ALTERNATIVES 
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3.5.3 Water Treatment Plant Capacity Expansion Alternatives: 

3.5.3.1 Capacity Limits of Existing Treatment Plant 

As previously discussed in Section 3.5.1, based upon the results of the hydraulic and 
process evaluation of the existing facilities, the current configuration of the water 
treatment facility limits its capacity to no more than 10.5 mgd. However, the potential 
exists to utilize the current flocculating clarifiers in a split-treatment operating mode to 
increase the capacity of the treatment plant without the need for additional process basins.  

Figure 3.16 presents a process schematic of the split treatment alternative. In this 
alternative, approximately 30-40% of the flow (4-7 mgd) would be bypassed around the 
existing softening basins. Treatment of the bypass flow would involve the addition of Alum, 
polymer, and sulfuric acid to perform enhanced coagulation within the basins to remove the 
total organic carbon (TOC) necessary to satisfy the Stage I D/DBR and remove turbidity 
prior to the post ozone and filtration. The remaining 60-70 percent of the flow (up to 10 
mgd) would be processed through the softening basins and would be recombined with the 
bypass flow at the existing recarbonation basin. Operating the basins in this manner would 
increase the capacity of the treatment process to as much as 17 mgd without the need for 
additional basins. 

Table 3.13 presents a summary of the improvements necessary to each unit process and 
associated capital costs. The improvements involve the following: 

 Modification of the low lift pump station to increases capacity. 

 Increasing operating levels in the screening house to improve hydraulic capacity to 
the flocculating clarifiers. 

 Rehabilitation of the clarification units to provide new coating and flocculation 
equipment. The flocculating clarifiers could be still utilized as a pretreatment basin in 
the event of high turbidity. During these wet weather events, the capacity of the 
treatment process will be limited to 10.5 mgd in these circumstances.  

 Yard piping improvements to install bypass piping around the softening basins and 
install flow metering and flow control vaults to control the bypass flow (See 
Figure 3.17) 

 Filtration improvements to re-rate filters, raise filter troughs and install additional 
6 inches of GAC media for Biofiltration enhancements. Install phosphorous and liquid 
ammonium sulfate feed system to enhance Biofiltration capabilities. 

 Selective replacement of existing 4 mgd pump with a new 6-mgd pump to increase 
firm pumping capacity of the HSPS to 17 mgd. 
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 Additional chlorine feeder to provide redundancy and permit chlorination CT for virus 
inactivation within the existing clearwells. In addition, baffle walls should be installed 
in the clearwells to minimize water age prior to the distribution system. 

 

Table 3.13 Summary of Improvements to Existing Arcadia Lake WTP for Re-rating 
to 17 mgd 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Unit Process Description of Improvement Capital Cost 

18-inch Intake 
Pipeline(1)(2) 

Variance from Corps on Velocity $0 

Low Lift Pump 
Station(1)(3) 

Improve Intake Design, Selective Replacement 
of Pumps with VFDs 

$1,000,000 

Raw Water 
Screening(1)(4) 

Variance from ODEQ $0 

Air Sparging(1)(4)  $100,000 

Preozone Basin(1)(5) None $0 

Primary Rapid Mix(1)(5) None $0 

Flocculating 
Clarifiers(1)(6) 

Yard Piping and Flow Control Vaults $700,000 

Secondary Rapid 
Mix(1)(5) 

None $0 

Post Ozone 
Contactor(1)(6) 

Variance from ODEQ $0 

Filtration(1)(7) Variance from ODEQ on Filtration Rate, 
Change to GAC media for Biofiltration 

$150,000 

GAC Pump Station(1)(8) Variance from ODEQ to bypass GAC 
contactors 

$0 

GAC Contactors(1)(8) Variance from ODEQ to bypass $0 

Clearwells(1)(6) CT Monitoring equipment $40,000 

Clearwells(1) Baffle Wall Installation $150,000 

High Service Pump 
Station(1)(9) 

Increase capacity through replacement of 
4 mgd pump with 6 mgd pump 

$100,000 

Finished Water 
Transmission(1)(10) 

None $0 

Chlorine System(1)(11) Chlorine Feeder $25,000 

Residuals Handling 
System(1)(12) 

None $0 

TOTAL $2,365,000 
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Table 3.13 Summary of Improvements to Existing Arcadia Lake WTP for Re-rating 
to 17 mgd 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Unit Process Description of Improvement Capital Cost 

Notes: 

(1) All estimates include the following global markups applied in the order given: (General 
conditions 15%, Overhead and Profit, 7%, Taxes 7%, Contingency 30%, Engineering 25%, 
Construction allowance 5%. 

(2) All estimates assume that a variance can be obtained by the Corps of engineers to enable 
increase of existing intake capacity as much as17.5 mgd.  

(3) Pump station improvements involve replacement of two low lift pumps with new 9 mgd pumps 
on 100 HP VFDs.  

(4) Involves a variance from ODEQ from the screen velocity requirements and increase of 
operating water level to 6-inches below the overflow. This will improve hydraulics and provide 
up to 17 mgd through the preozone process.  

(5) Does not require a variance from ODEQ from process parameters or any capital improvements. 
(6) Involves a variance from ODEQ to obtain primary disinfection credits for virus removal using 

free chlorine contact within the existing clearwells. Additional monitoring equipment will need to 
be installed in the clearwell to achieve the necessary CT computations in SCADA.  

(7) Involves a variance from ODEQ to increase filtration rate to 4.5 gpm/sq ft with the largest unit 
out of service. Cost includes preparation of a full-scale filter testing study to confirm filtration 
rate can be achieved with existing filters. Also include addition of 6-inches of GAC media and 
raising of existing filter troughs and/or media retention baffles.  

(8) Involves obtaining a variance from ODEQ on bypass of existing GAC contactors. Based upon 
preliminary discussions with ODEQ, this would be permitted based upon the conversion of the 
existing filters to GAC multimedia.  

(9) Selective replacement of existing 4 mgd pump with 6 mgd pump. Includes replacement of 
suction and discharge piping and control valves. 

(10) Modeling results indicate 17 mgd of flow can be attained with existing 120 psig design pressure 
due to recent improvements at the I-35 pump station complex.  

(11) Addition of redundant 250 ppd chlorinator for redundancy in chlorination system. 
(12) See Section 3.4 for a analysis of the existing lagoon capacity. 
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Operating the existing flocculating clarifiers in the split treatment mode has the following 
advantages: 

 The process evaluation indicated that the softening process is a bottleneck to 
expansion beyond 10.5 mgd due to the high surface loading rate of the basins. Split 
treatment will allow expanded capacity through the existing flocculating clarifiers 
without the need for additional treatment basins. 

 The process evaluation indicated that the lime and carbon dioxide systems are 
bottlenecks to expansion due to the inability to satisfy peak day demands with the 
largest units out of service. However, by bypassing a portion of the flow around the 
softening process, the carbonate alkalinity within the bypass process stream will 
serve to reduce the need for carbon dioxide. 

 The clarification process allows the possibility to perform enhanced coagulation with 
Alum; which, according to the Edmond Water Drinking Water Treatment Bench 
Studies (1983), provides excellent turbidity, TOC (> 25 percent), and TTHMFP 
removal (20-25 percent).  

 The potentially higher alkalinity and lower pH in the post-ozone contact basin may 
provide a more persistent ozone concentration for disinfection purposes and lower 
the potential for bromate formation.  

 The hydraulic evaluation indicated that the piping upstream and downstream of the 
softening units are a bottleneck to expansion. Bypassing the softening units will 
permit expansion without the need for modification of this piping. See Figure 3.16 for 
projected yard piping improvements. 

Based upon the finished water quality goals established in Section 3.4.1.1, the anticipated 
split (Conventional/softening) will average 20/80 in the wintertime and 35/65 during the 
summer months. As a result, the existing Arcadia Lake WTP can seasonally be expanded 
to up to 17 mgd by incorporating the split treatment alternative. 

The capacity schedule dictated by the selected Water Supply scenario as presented in 1 
indicates that these improvements would provide sufficient capacity to supply average 
annual demands through 2037. However, the water supply scenario requires that the 
Arcadia Lake WTP provide sufficient capacity to supply both annual average and peak day 
demands. As a result, additional capacity at the Arcadia Lake WTP will be required.  

The capacity schedule for expansion of the Arcadia Lake WTP expansion is presented in 
Figure 3.18, it is envisioned that the first capacity expansion occur as soon as possible and 
entail the construction of 20 mgd of additional capacity to provide a total capacity of 30 mgd 
(see Figure 3.19). Furthermore, a second 10 mgd expansion can be phased in at a later 
date (10-15 years) when additional peak day demands dictate. A final expansion of the 
WTP to satisfy peak day water demands at system buildout may be necessary but only if 
water supply augmentation of Arcadia Lake utilizing recycled water from Coffee Creek 
WWTP occurs.
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3.5.3.2 Water Treatment Plant Expansion Alternatives 

Table 3.3 presented the historical raw water quality associated with Arcadia Lake, the major 
treatment issues identified by the regulatory evaluation were: 

 Turbidity Removal: This can sometimes be a challenge due to turbidity “flashes” in the 
200-300 NTU range in Arcadia Lake due to urban runoff from Spring Creek during 
extreme wet weather events. As a result, the future treatment process should either 
include a pretreatment or provide a primary process basin that can be designed for 
this level of turbidity. 

 TOC Removal: By operating the softening process at high pH (10-11), the softeners 
currently remove sufficient TOC to satisfy the Stage I D/DBPR requirements. As a 
result, the future treatment process would need to incorporate enhanced softening for 
TOC control.  

 Taste and Odor & Color Removal: The preozonization system was installed for the 
purpose of color removal, disinfection and microflocculation to improve turbidity 
removal. As a result, any future treatment process should incorporate preozonation or 
preoxidation with a strong oxidant such as chlorine dioxide. For the purposes of this 
evaluation, any new treatment process will include preozonation.  

 Disinfection CT: Currently, the disinfection CT is achieved through the pre-ozone 
contactor with post sedimentation ozone providing oxidation of taste and odor 
compounds and other microconstituents. Alternatively, ozone could continue to be 
utilized post sedimentation for oxidation with an alternate technology such as UV to 
achieve disinfection. However, for planning purposes, the future plant will incorporate 
both pre and post softening ozone contact basins. 

 Bromate Control: With seasonally high bromide levels in the water, ozone dosage 
control is critical. As a result, the future plant will incorporate an over/under type 
ozone contactor rather than a contactor or pipe with side stream injection. The future 
treatment plant will contain ammonia and chlorine feed systems for bromate control 
using low doses of chloramines.  

 Urban Run-off Treatment: The original plant was designed with GAC post filter 
absorbers for treatment of contaminants of concern (pesticides/herbicides, etc.). 
However, given the significant amount of data now available on the efficacy of an 
ozone/Biofiltration process, it is Carollo’s opinion that any subsequent plant 
expansion should contain multimedia GAC/sand, garnet, rapid rate, deep-bed, 
biologically active filters with the ability to add ammonia and phosphorous to enhance 
filter operations and performance (called “Engineered Biofiltration”). Based upon 
discussions with ODEQ, this approach would be acceptable in lieu of GAC post filter 
absorbers. Consequently, the future plant will not be provided with GAC post filter 
absorbers for this purpose.  
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 Disinfection By-Product Control: The Arcadia Lake WTP currently struggles with 
maintaining a Locational Running Annual Average (LRAA) goal of < 64 µg/L of TTHM 
within the distribution system particularly if the system is not augmented with 
Oklahoma City water to reduce system water age. The alternatives developed in this 
section provide a “base treatment alternative” for the key parameters listed above. 
Further treatment will be required to either remove or change the nature of the TOC 
to enable compliance with the TTHM LRAA goals. These “additional control 
technologies” are presented in the subsequent section. 

Based upon the requirements for the future treatment, Carollo identified the following base 
treatment alternatives: 

 Alternative No. 1 – Enhanced Softening with Ozone and Engineered Biofiltration 

 Alternative No. 2 – Split Treatment with Ozone and Engineered Biofiltration 

3.5.3.2.1. Alternative No. 1 – Enhanced Softening with Ozone and Engineered 
Biofiltration 

Figure 3.19 presents a process schematic of the enhanced softening with engineered 
Biofiltration alternative. Table 3.14 presents the process design criteria for this alternative. 
Some of the differences between this alternative and the original design process include the 
following: 

 The process excludes an air sparging system. Plant staff indicate that this process 
has been bypassed since the new ozone system has been placed on line. 

 The process does not include a secondary rapid mix since the lime system has been 
converted to a batch lime slaking process which permits direct feed to the center 
cone of the solids contact clarifier. 

 The process includes a solids contact clarifier with a turbine rather than a ClariCone® 
unit. The solids contact clarifiers provide a better control over a wider range of flow 
and thus are better suited for the range of flows anticipated for a treatment facility that 
will be required to satisfy peak day demands. 

 The process includes a deep-bed filter with 60 to 72 -inches of media (GAC/sand) to 
permit a higher filter loading rate and facilitate Biofiltration. 

 The process does not include a recarbonation basin since carbon dioxide can be feed 
as a carbonic acid solution which permits higher transfer efficiencies and does not 
require a separate basin for contact time. 

 The process does not include GAC post filter absorbers. 

 The process includes the addition of a new elevated storage tanks for filter backwash 
water storage of dechlorinated water for biofilter backwash. 
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Table 3.14 Arcadia Lake WTP Process Design Criteria - Alternative 1 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Unit Process 
Design 
Parameter Unit 

Design 
Value 

Design 
(ODEQ) 
Requirements Comments 

PreOzone 
Basin 

Number each 3  3 passes 

Type Counter Current  

Detention Time min 15 10.0 mgd Per basin 

Purpose Microflocculation, Disinfection, Oxidation of manganese & 
iron,  

Dose mg/L 0.5 – 
2.0 

NA Average 1.0 mg/L

Transfer Effluent % 90  Minimum 

Primary Rapid 
Mix Basin  

Velocity Gradient 
(G) 

sec-1 190 Engineer 
Determined 

>1,000 

No of Basins each 2 NA  

Basin Volume cu ft 1337 NA 24 ft SWD 

Impeller 
Diameter 

inches 36   

Tip Speed ft/sec 7 <10  

Detention Time 
(Each)) 

sec 20 30 (max) At 28 mgd 

D/Te none 0.38 N/A 0.25 to 0.40 

Pretreatment 
Basins 

No of Units each 3   

Capacity, Each mgd 10   

Diameter ft 100 NA SWD = 16 ft 

Settling Volume cu ft 150,000 2 hours 4.5 mgd 

Loading Rate gpm/sq ft 1.0 10 mgd  

Conduit Velocity ft/sec 0.5 to 
1.5 

10 mgd @ 1.5 ft/sec 

Weir Loading 
Rate 

gpd/ft 8,500 < 20,000  

Softening 
Basins 

Basin Volume cu ft    

Quantity each 3 NA Hydraulic Type 

Design Flow  mgd 10    
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Table 3.14 Arcadia Lake WTP Process Design Criteria - Alternative 1 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Unit Process 
Design 
Parameter Unit 

Design 
Value 

Design 
(ODEQ) 
Requirements Comments 

Basin Diameter ft 100 NA  

Water Depth ft 16  NA  

Detention Time in 
Center Cone 

min 20 10 mgd  

Recirc Capacity gpm 70,000 NA 10:1 rate 

Detention Time in 
settling zone 

hours 2 10 mgd 0.78 mgd 

Rise Rate gpm/sq ft 1 10 mgd  

Weir Loading 
Rate 

gpd/ft 12,000 <20,000  

Post Sed 
Ozone 

Number each 3 4 passes, Concurrent/counter 
current 

Type Fine Bubble, Fixed Diffuser 

Depth ft 19   

Volume Each gal 150,870   

Detention Time min 10 10 mgd  

Transfer Effluent % 90  Minimum 

Purpose Taste and Odor and micro constituent oxidation 

Dose mg/L 2.0 – 
4.0 

NA Average 2.5 

T10/T ND 0.7  See Note 1 

Dual Media 
Filters 

Surface loading 
Rate 

gpm/sq ft 
6.0 

< 4  

No of Filters each 8   

Filter Box Depth ft 20   

Capacity per filter mgd 4   

Media Depth inches 60  See Note 2 

L:W Ratio 2   See Note 3 

Filter Surface 
Area Each 

sq ft 450 
 

NA L:W Ratio: 2:1 
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Table 3.14 Arcadia Lake WTP Process Design Criteria - Alternative 1 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Unit Process 
Design 
Parameter Unit 

Design 
Value 

Design 
(ODEQ) 
Requirements Comments 

Filter Approach 
Velocity 

ft/sec 2 18 Mgd Based upon 36 “ 
Filter inlet Piping 

L/D Ratio  1500 N/A >1,200 

Underdrain Type Orthos Nozzle 

UFRV gal/sq ft >10,000   

Water Above 
Media 

ft 8 N/A  

Finished Water 
Clearwells3 

Number  Ea 1   

Volume MG 4   

 Depth Ft 19   

 Diameter Ft 120   

 Baffle Factor 
T10/T 

 0.6   

 Disinfection Flow   40 mgd @ ph 9.0, cl= 0.8, 
Temp 5 deg C 

 Type Partially Buried, Baffled, Concrete 

Finished Water 
Pumping 

Type Vertical Turbine Can Pump, Constant Speed 

Number each 3   

Capacity mgd 8 NA @ 120 psig 

Type Vertical Turbine Can pump, VFD 

Number     

Capacity  mgd 10 NA @ 120 psig 

Firm Capacity mgd 26  @ 120 psig 

Backwash 
Pumps 

Type Vertical Turbine Can Pump, Constant Speed 

Number each 2   

Capacity mgd 2   

Backwash 
Storage Tank 

Type Elevated, Steel, Pedosphere 

Volume MG 0.5   
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Table 3.14 Arcadia Lake WTP Process Design Criteria - Alternative 1 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Unit Process 
Design 
Parameter Unit 

Design 
Value 

Design 
(ODEQ) 
Requirements Comments 

Chemical Feed Systems 

Lime  Dose range mg/L as 
CaO 

100-240 NA 140 average 

Silos each 2 NA 4,360 cu ft each 

Storage (total) cu ft  17.0 mgd 30 days @ 
AAD/AD 

No of Slakers each 2   

Slakers Tank gallons 500  20 min/batch 

Lime Slurry % 7-15   

Ageing Tanks each 2   

Ageing Tank 
Volume 

gallon 2000   

Grit Classifier each 2   

Slurry Loop 
Pumps 

each 3   

Loop pump 
capacity 

gpm 60  Maintain 4-6 
ft/sec 

 

Ozone Dose Range mg/L  1.0-6.0 NA 3.4 average 

LOX Tanks each 3 NA 10,000 gallon 
Each 

Storage (total) tons 142 17 mgd 30 days @ 
AAD/AD 

Vaporizers each 4 Na 6,500 scfh/Each 

Vaporizers (Firm) scfh 10,000 16 mgd Based up PD 
Dose 

Generation Units each 4 NA 650 ppd 

Generation Units 
(Firm) 

each 2,600 
ppd 

26 mgd Based upon PD 
Dose 
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Table 3.14 Arcadia Lake WTP Process Design Criteria - Alternative 1 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Unit Process 
Design 
Parameter Unit 

Design 
Value 

Design 
(ODEQ) 
Requirements Comments 

Carbon Dioxide Dose Range mg/L 19-66 NA 46 mg/L Average 

Tanks each 4 NA 26 tons 

Storage (total) tons 52 9.0 mgd Based upon 
AAD/AD 

Vaporizer each 4 NA 19,200, 5,900 

Vaporizers (firm) each 5,900 
ppd 

10.7 mgd Based upon PD 
Dose 

Chlorine – On 
Site Generation 

Dose Range mg/L 2.7-9.5 NA 2.4 mg/L Average

Brine Tanks each 2 NA 1-ton 

Brine Tank 
Capacity 

tons 40   

Storage (total) tons 80 16.6 30 days @ 
AAD/AD 

Generation Units each 3   

Generator Each ppd 1000   

Softeners 3 Ea   

Softeners Each 20 gpm   

Storage Tanks each 4   

Volume - Each gal 6,000  0.8%  

Secondary Process Chemicals 

Coagulant – 
Alum(1) 

Dose Range mg/L 2-40 NA Average 15 mg/L 

Silos each 1 NA  

Storage (total) tons 44 23 mgd 30 days@ 
AAD/AD 

Feeders each 2 NA 10,400 each 

Feeders (firm) ppd 10,400 31 mgd Based up PD 
Dose 

Coagulant Aid 
Polymer 

Dose Range mg/L 0.6-4.5 NA Average 1.3 

Feeders each 2 NA Polyblend 

Feeders (Firm) each 0.04-4.5 24 mgd Share a common 
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Table 3.14 Arcadia Lake WTP Process Design Criteria - Alternative 1 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Unit Process 
Design 
Parameter Unit 

Design 
Value 

Design 
(ODEQ) 
Requirements Comments 

gph feeder w/fa 
polymer 

Filter Aid 
Polymer  

Dose Range mg/L 0.2-3.4 NA Average 1.0 mg/L

Feeders each 2 NA 0.04-4.5 gph 

Feeders (Firm) each 0.04-4.5 
gph 

 31 mgd  

Phosphoric 
Acid 

Dose Range mg/L 0.01-
0.05 

  

Storage each Totes   

Feeders each 4   

Feeder Capacity gph 0.1-1   

     

Liquid 
Ammonium 
Sulfate 

Dose Range mg/L 0.1-0.5    

Storage each 2   

Totes gal 1,000   

Feeders each 4   

Feeder capacity gph 10-50   

Notes: 

(1) Ozone contactor will be provided with unique “tear drop” design that enables high baffle 
factors that have been verified using CFD modeling. 

(2) Filter Media:  
48 inches of GAC 
12 inches of sand 
12 inches of gravel 
Othos Nozzle Underdrain with 4 ft plenum 

(3) Existing clearwells will be retrofitted with baffles and additional chlorine feed points to improve 
water age. 

The process includes the conversion of gaseous chlorine to an “inherently safer technology” 
which does not require the storage of highly toxic chemicals. Typically, these are more 
expensive than bulk chlorine systems with safety features (scrubbers, shutoff valves, etc.). 
However, communities are choosing to switch to these inherently safer technologies due to 
potentially increasing insurance premiums. As a result, for the purposes of this master plan, 
it is assumed that the new chlorine system will consist of on-site hypochlorite generators 
using bulk salt storage. It is understood that the plant is not currently connected to the city 
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sanitary sewer system. Consequently, the cost opinions include a lift station and force main 
to the sanitary sewer system. 

3.5.3.2.2 Alternative No. 2 – Split Treatment with Ozone and Engineered Biofiltration 

Figure 3.20 presents a process schematic of the split treatment with engineered Biofiltration 
alternative. Table 3.15 presents the process design criteria for this alternative. Some of the 
differences between this alternative and the original design process include the following: 

 The process excludes an air sparging system. Plant staff indicate that this process 
has been bypassed since the new ozone system has been placed on line. 

 The process does not include a secondary rapid mix since the lime system has been 
converted to a batch lime slaking process which permits direct feed to the center 
cone of the solids contact clarifier. 

 The process includes a solids contact clarifier with a turbine rather than a ClariCone® 
unit. The solids contact clarifiers provide a better control over a wider range of flow 
and thus are better suited for the range of flows anticipated for a treatment facility that 
will be required to satisfy peak day demands. 

 The process includes a deep-bed filter with 60-inches of media (GAC/sand) to permit 
a higher filter loading rate and facilitate Biofiltration. 

 The process does not include a recarbonation basin since carbon dioxide can be feed 
as a carbonic acid solution which permits higher transfer efficiencies and does not 
require a separate basin for contact time. 

 The process does not include GAC post filter absorbers. 

 The process includes the addition of a new elevated storage tanks for filter backwash 
water storage of dechlorinated water for biofilter backwash.  

Since the split treatment alternative includes the improvements within the existing treatment 
process to increase capacity to 17 mgd, the split treatment alternative for the future 
includes the following: 

 A 16 mgd softening train (2-8 mgd solids contact clarifiers) 

 An 8 mgd conventional clarification train.
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Table 3.15 Arcadia Lake WTP Process Design Criteria - Alternative No. 2 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Unit Process 
Design 
Parameter Unit 

Design 
Value 

Design 
(ODEQ) 
Requirements Comments 

PreOzone 
Basin 

Number each 3  3 passes 

Type Counter Current  

Detention Time min 15 8.0 mgd Per basin 

Purpose Microflocculation, Disinfection CT, preoxidation of manganese 
and iron 

Dose mg/L 0.5 – 
2.0 

NA Average 1.0 mg/L 

Transfer Effluent % 90  Minimum 

Primary Rapid 
Mix Basin  

Velocity Gradient 
(G) 

sec-1 190 Engineer 
Determined 

>1,000 

No of Basins each 2 NA  

Basin Volume cu ft 1,337 NA 24 ft SWD 

Impeller 
Diameter 

inches 36   

Tip Speed ft/sec 7 <10  

Detention Time 
(Each)) 

sec 20 30 (max) At 28 mgd 

D/Te none 0.38 N/A 0.25 to 0.40 

Pretreatment 
Basins 

No of Units each 2   

Capacity, Each mgd 8   

Diameter ft 90 NA SWD = 16 ft 

Settling Volume cu ft 150,000 2 hours 4.5 mgd 

Loading Rate gpm/sq ft 1.0 10 mgd  

Conduit Velocity ft/sec 0.5 to 
1.5 

10 mgd @ 1.5 ft/sec 

Weir Loading 
Rate 

gpd/ft 8,500 < 20,000  
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Table 3.15 Arcadia Lake WTP Process Design Criteria - Alternative No. 2 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Unit Process 
Design 
Parameter Unit 

Design 
Value 

Design 
(ODEQ) 
Requirements Comments 

Clarification 
Units 

No. of Units each 2   

Capacity Each mgd 6   

Flocculation 
Basin Detention 
Time 

min 30   

Flocculators each 4 Each Basin   

No. of Stages each 4 Each Basin   

Sedimentation 
Basin Collection 

each 2 Hoseless Trac 
Vac 

 

Sed basin 
Detention Time 

hrs 2   

Over Flow Rate gpm/sq ft 0.75   

Basin Depth ft 14   

Orifice Loading 
Rate 

gpm/ft 10,000 End weir with 
orifices 

 

L:W Ratio  8:1 Intermediate 
baffles 
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Table 3.15 Arcadia Lake WTP Process Design Criteria - Alternative No. 2 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Unit Process 
Design 
Parameter Unit 

Design 
Value 

Design 
(ODEQ) 
Requirements Comments 

Softening 
Basins 

Basin Volume cu ft    

Quantity each 2 NA Hydraulic Type 

Design Flow  mgd 8   

Basin Diameter feet 80 NA  

Water Depth feet 16  NA  

Detention Time in 
Center Cone 

min 20 10 mgd  

Recirc Capacity gpm 55,000 NA 10:1 rate 

Detention Time in 
settling zone 

hours 2 10 mgd 0.78 mgd 

Rise Rate gpm/sq ft 1 10 mgd  

Weir Loading 
Rate 

gpd/ft 12,000 <20,000  

Post Sed 
Ozone 

Number each 3 4 passes, Concurrent/counter current 

Type Fine Bubble, Fixed Diffuser 

Depth feet 19   

Volume Each gal 150,870   

Detention Time min 10 10 mgd  

Transfer Effluent % 90  Minimum 

Purpose Oxidation of Taste and Odor and microconstiuents 

Dose mg/L 2.0 – 
4.0 

NA Average 2.5 

T10/T ND 0.7  See Note 1 

Dual Media 
Filters 

Surface loading 
Rate 

gpm/sq ft 
6.0 

< 4  

No of Filters each 8   

Filter Box Depth ft 20   

Capacity per filter mgd 4   

Media Depth inches 60  See Note 2 
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Table 3.15 Arcadia Lake WTP Process Design Criteria - Alternative No. 2 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Unit Process 
Design 
Parameter Unit 

Design 
Value 

Design 
(ODEQ) 
Requirements Comments 

L:W Ratio 2   See Note 3 

Filter Surface 
Area Each 

sq ft 450 
 

NA L:W Ratio: 2:1 

Filter Approach 
Velocity 

ft/sec 2 18 Mgd Based upon 36 “ 
Filter inlet Piping 

L/D Ratio  1500 N/A >1,200 

Underdrain Type Orthos Nozzle 

UFRV gal/sq ft >10,000   

Water Above 
Media 

ft 8 N/A  

Finished Water 
Clearwells3 

Number  Ea 1   

 Volume MG 4   

 Depth Ft 19   

 Diameter Ft 120   

 Baffle Factor 
T10/T 

 0.6   

 Disinfection Flow   40 mgd @ ph 9.0, cl= 0.8, 
Temp 5 deg C 

 Type Partially Buried, Baffled, Concrete 

Finished Water 
Pumping  

Type Vertical Turbine Can Pump, Constant Speed 

Number each 3   

Capacity mgd 8 NA @ 120 psig 

Type Vertical Turbine Can pump, VFD 

Number each    

Capacity  mgd 10 NA @ 120 psig 

Firm Capacity mgd 26  @ 120 psig 

Backwash 
Pumps 

Type Vertical Turbine Can Pump, Constant Speed 

Number each 2   

Capacity mgd 2   



December 2013 - FINAL 3-79 
pw://Carollo/Documents/Client/OK/Edmond/8967A00/Deliverables/Ch03 

Table 3.15 Arcadia Lake WTP Process Design Criteria - Alternative No. 2 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Unit Process 
Design 
Parameter Unit 

Design 
Value 

Design 
(ODEQ) 
Requirements Comments 

Backwash 
Storage Tank 

Type Elevated, Steel, Pedosphere 

 Volume MG 0.5   

Chemical Feed Systems 

Lime  Dose range mg/L as 
CaO 

100-240 NA 140 average 

Silos each 2 NA 4,360 cu ft each 

Storage (total) cu ft  17.0 mgd 30 days @ 
AAD/AD 

No of Slakers each 2   

Slakers Tank gallons 500  20 min/batch 

Lime Slurry % 7-15   

Ageing Tanks each 2   

Ageing Tank 
Volume 

gallon 2000   

Grit Classifier each 2   

Slurry Loop 
Pumps 

each 3   

Loop pump 
capacity 

gpm 60  Maintain 4-6 
ft/sec 

 

Ozone Dose Range mg/L  1.0-6.0 NA 3.4 average 

LOX Tanks each 3 NA 10,000 gallon ea 

Storage (total) lbs XX XX mgd 30 days @ 
AAD/AD 

Vaporizers each 4 Na 6,500 scfh/ea 

Vaporizers (Firm) scfh 10,000 XX mgd Based up PD Dose 

Generation Units each 4 NA 650 ppd 

Generation Units 
(Firm) 

each 2,600 
ppd 

26 mgd Based upon PD 
Dose 
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Table 3.15 Arcadia Lake WTP Process Design Criteria - Alternative No. 2 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Unit Process 
Design 
Parameter Unit 

Design 
Value 

Design 
(ODEQ) 
Requirements Comments 

Carbon Dioxide Dose Range mg/L 19-66 NA 46 mg/L Average 

Tanks each 4 NA 26 tons 

Storage (total) tons 52 9.0 mgd Based upon 
AAD/AD 

Vaporizer each 4 NA 19,200, 5,900 

Vaporizers (firm) each 5,900 
ppd 

10.7 mgd Based upon PD 
Dose 

Chlorine – On 
Site Generation 

Dose Range mg/L 2.7-9.5 NA 2.4 mg/L Average 

Brine Tanks each 2 NA 1-ton 

Brine Tank 
Capacity 

tons 40   

Storage (total) tons 80 16.6 30 days @ 
AAD/AD 

Generation Units each 3   

Generator Each ppd 1000   

Softeners 3 Ea   

Softeners Each 20 gpm   

Storage Tanks each 4   

Volume - Each gal 6,000  0.8%  

Secondary Process Chemicals 

Coagulant – 
Alum1 

Dose Range mg/L 2-40 NA Average 15 mg/L 

Silos each 1 NA  

Storage (total) tons 44 23 mgd 30 days@ AAD/AD 

Feeders each 2 Na 10,400 Ea 

Feeders (firm) ppd 10,400 31 mgd Based up PD Dose 
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Table 3.15 Arcadia Lake WTP Process Design Criteria - Alternative No. 2 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Unit Process 
Design 
Parameter Unit 

Design 
Value 

Design 
(ODEQ) 
Requirements Comments 

Coagulant Aid 
Polymer 

Dose Range mg/L 0.6-4.5 NA Average 1.3 

Feeders each 2 NA Polyblend 

Feeders (Firm) each 0.04-4.5 
gph 

24 mgd Share a common 
feeder w/ polymer 

Filter Aid 
Polymer  

Dose Range mg/L 0.2-3.4 NA Average 1.0 mg/L 

Feeders each 2 NA 0.04-4.5 gph 

Feeders (Firm) each 0.04-4.5 
gph 

 31 mgd  

Phosphoric 
Acid 

Dose Range mg/L 0.01-
0.05 

  

Storage each Totes   

Feeders each 4   

Feeder Capacity gph 0.1-1   

Liquid 
Ammonium 
Sulfate 

Dose Range mg/L 0.1-0.5    

Storage each 2   

Totes gal 1,000   

Feeders Each 4   

Feeder capacity gph 10-50   

Notes: 
(1) Ozone contactor will be provided with unique “tear drop” design that enables high baffle factors 

that have been verified using CFD modeling. 
(2) Filter Media:  

48 inches of GAC 
12 inches of sand 
12 inches of gravel 
Othos Nozzle Underdrain with 4 ft plenum. 

(3) Existing clearwells will be retrofitted with baffle walls for water age reduction. 

3.5.3.2.2. Comparison of Treatment Alternatives: 

A comparison of the capital, operating and 30-year net present value of the alternatives is 
provided in Table 3.16. A detailed cost estimates are provided in Appendix H. The analysis 
indicates the following: 
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 The split treatment alternative has a higher capital cost than the full-softening 
alternative due to the additional process basins required for the pretreatment of the 
lime softening basins and the conventional flocculation/sedimentation coagulation 
basins.  

 The split treatment alternative has a slightly lower operational costs due to the lower 
chemical requirements for dosage of lime and dosage of carbon dioxide. The solids 
production of the split treatment alternative is higher but since the City’s costs for 
sludge disposal is relatively low due to the current land disposal arrangement, the 
impact on annual operating costs is minimal. 

 

Table 3.16 Summary of Water Treatment Plant Alternatives 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Alternative No. 1 

Full Softening 

No. 2 

Split Treatment 

Capital Cost (Expansion through 40 mgd)(1) $96,700,000 $105,180,000 

Operational Cost – Annual ($/mgd)(2) $95 $105 

Net Present Value (30 yr)(3) $114,500,000 $121,480,000 

Notes: 

(1) All estimates include the following global markups applied in the order given: (General 
conditions 15%, Overhead and Profit, 7%, Taxes 7%, Contingency 30%, Engineering 25%, 
Construction allowance 5%. 

(2) Estimates for operational costs for full-softening plant were based upon values obtained from 
50-year water supply plan. Estimates for operational costs for the split treatment alternative 
were obtained from operating facilities in Manhattan, KS and Olathe, KS.  

(3) 30-year NPV at 5 percent discount rate. 

Based upon this analysis, the recommended alternative is to expand the existing full-
softening process. However, a facility plan should be conducted to determine if ODEQ will 
accept a softening process that does not require a pretreatment basin. If so, it is possible 
that the split-treatment alternative will be more cost effective due to the reduced size of the 
softening process. 

3.5.4 Disinfection By-Product Control for Regulatory Compliance 

3.5.4.1 Introduction 

The Arcadia Lake WTP currently struggles with maintaining a Locational Running Annual 
Average (LRAA) goal of < 64 µg/L of TTHM within the distribution system particularly if the 
system is not augmented with Oklahoma City water to reduce system water age. 
Figure 3.21 presents the TTHM versus location within the distribution system. This figure 
indicates that a majority of the TTHMs are formed prior to entering the system at the I-35 
complex meaning that any approach should include a “multi-barrier” approach to minimize 
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TTHM formation at the treatment plant. The historical TOC removal through the existing 
process is presented in Figure 3.22. This figure illustrates the following: 

 A majority of the removal occurs through the softening process (the coagulation 
process was off line during most of the historical data gathering) from enhanced 
softening through adsorption tomagnesium hydroxide and calcium carbonate 
particles.  

 The consistent removal of TOC through the filters indicates that biological activity is 
responsible for a slight increase in overall removal efficiency. 

 The GAC post filter absorbers, once exhausted, do not have a significant impact on 
overall TOC removal. This exhaustion typically occurs after 3-6 months of operation. 

 The TOC removal through the existing treatment process is insufficient to removal 
TOC to less than or equal to 1.0 mg/L without GAC post filter absorbers. As illustrated 
in Figure 3.23, this value typically enables most communities to meet 80 percent of 
the MCL for HAA and TTHM utilizing free chlorine as both the primary and secondary 
disinfectants.  

As a result, a multi-barrier, comprehensive plan to reduce TTHM formation must be 
developed as part of the master planning process. As part of this approach, distribution 
system improvements to reduce water age without the augmentation with Oklahoma City 
supply are presented in Section 4 of this report. However, as Section 4 notes, even with 
these distribution system improvements additional DBP control methods are required to 
maintain compliance with the finished water quality goals. Based upon discussions with 
plant staff, the following potential DBP control alternatives were identified in addition to 
water age management improvements identified in Chapter 4 ‘as potential means to 
achieve long-term regulatory compliance.  

 Chlorine Boosting in Distribution System 

 Seasonal ActifloTM Carb Pretreatment 

 Chlorine Dioxide/Chlorine Preoxidation 

 Magnetic Ion Exchange (MIEX) Resin Split Treatment with Enhanced Biofiltration 

 Seasonal GAC Post-Filter Absorbers 

 Distribution System Well Augmentation 

 Distribution System Air Stripping  

 Microfiltration/Reverse Osmosis Integrated membrane 

 Chloramine Conversion  
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d l d l f FIGURE 3.23– TTHM FORMATION POTENTIAL AT VARIOUS TOC LEVELS
WATER & WASTEWATER SYSTEM MASTER PLAN

CITY OF EDMOND, OKLAHOMA

SOURCE: DBP Model predicting Total THM formation as 
a function of bromide at three TOC levels for SPW 
(Hutton (1993), Trihalomethane Formation Potential 
Modeling
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3.5.4.2 Fatal Flaw Analysis 

The purpose of the fatal flaw analysis is to eliminate potential alternative based upon any of 
the following criteria: 

 Technology or process will likely not be capable of reliable, consistent performance to 
achieve the stated goals for TTHM/HAA reduction. 

 Technology or process has never been constructed at the intended scale 40 mgd +. 

 Technology or process dose not have at least five installations of similar size 
constructed in the past two years. 

 Technology, has an extremely high net present valve based upon a-priori knowledge 
of these treatment systems. 

 Technology will not be accepted by the public. 

3.5.4.2.1 Seasonal ActifloTM Carb Pretreatment: 

A schematic of the ActifloTM Carb process is provided in Figure 3.24. The process involves 
a complete PAC contact tank, flocculation basin and settling zone within a single process. 
The advantage of the process is that it enables the recycling of PAC within the ballasted 
flocculation process to provide additional contact time for the PAC with the raw water.  

Given that Edmond has recently made a significant investment in 11 mgd of post-filtration 
GAC adsorbs, the Seasonal ActifloTM Carb process will not be a cost-effective measure 
when compared to the seasonal change-out of GAC.  

3.5.4.2.2 Microfiltration/Reverse Osmosis Integrated Membrane Treatment 

This technology was eliminated based upon the high capital and operating costs associated 
with such systems. Although, these provide an absolute barrier to microorganisms and will 
reduce the TOC concentration well below targeted values, due to residual disposal 
concerns (i.e., brine) in Oklahoma, the technology is cost prohibitive. 

3.5.4.3 Distribution System Control Methods: 

The available disinfection by-product control mechanisms can be reduced to the following 
four major pathways: 

1. Prevention – Removal of Disinfection By-Product Precursors (TOC, Bromide, etc.) 
prior to chlorination. 

2. Decrease Reactivity – Alteration of the nature of the Disinfection By-Product 
Precursors to decrease reactivity prior to chlorination. 

3. Removal – Removal of TTHM compounds from the water following their formation.



FIGURE 3.24– ACTIFLOTM CARB PROCESS
WATER & WASTEWATER SYSTEM MASTER PLAN

CITY OF EDMOND, OKLAHOMA
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4. Control Exposure – Capital and Operational modifications to alter the conditions as 
such to limit the time in which the free chlorine can react with the constituents. 

Within the Edmond distribution system, the control methods are limited to the final two 
pathways, as the free chlorine has been added to the treated water for primary disinfection 
purposes. Carollo has identified the following potential distribution system DBP control 
measures: 

3.5.4.3.1 Booster Chlorination Control: 

A desktop analysis of booster chlorination following the procedure described in Maintaining 
Distribution System Residuals through Booster Chlorination was performed (Uber and 
Summers, 2003). A comparison of TTHM Simulated Distribution System (SDS) testing 
concentration and chlorine residual for a standard disinfection scenario and a booster 
chlorination scenario was performed. As shown on Figure 3.25, forty-eight hours after 
booster chlorination (72 hours after initial chlorination), the concentration of disinfection 
byproducts were the same for the two scenarios. The conclusion drawn from the test results 
was that unless there is an opportunity to operate the system with lower chlorine residuals, 
booster chlorination is not very effective in lowering DBP concentrations, unless the 
hydraulic detention time after the booster dose is applied is short (i.e. less than 2 days). 

Figure 3.26 presents the approximate locations of the Edmond distribution system booster 
chlorination and locations within the distribution system that have tested above the TTHM 
goals. The City of Edmond distribution system contains 56 ground water wells. 
Approximately 21 of these 56 wells are equipped with booster chlorination facilities 
consisting of small sodium hypochlorite storage vessels and metering pumps located in the 
10x12 well house. About 46 of these wells are directly connected to the distribution with the 
remainder located at the booster station sites or at the water plant. Since all of the wells 
currently satisfy the provisions of the groundwater rule, none are required to be chlorinated. 
As a result, these booster chlorination sites are utilized only as necessary to maintain a 
residual within the distribution system. In addition, with the exception of the I 35 complex, 
each of the booster pumping station sites contain hypochlorite feed systems to enable 
booster chlorination.  

The Water Age analysis presented in Chapter 4 of this report determined water ages of 
approximately 72 to 120 hours at the high TTHM sites during typical maximum month-
minimum day flow conditions within the distribution system. Given the long water age for 
these sites, emphasis should first be placed on reduction of water age rather than alteration 
of booster chlorination practices.  



FIGURE 3.25– IMPACT OF WATER AGE ON BOOSTER CHLORINATION
WATER & WASTEWATER SYSTEM MASTER PLAN

CITY OF EDMOND, OKLAHOMASOURCE: Uber, J.G, et. all . Maintaining Distribution System 
Residuals through Booster Chlorination, AWWARF (2003)



FIGURE 3.26– SUMMARY OF BOOSTER CHLORINATION AND TTHM 
SAMPLING  SITES 

WATER & WASTEWATER SYSTEM MASTER PLAN 
CITY OF EDMOND, OKLAHOMA 
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After these water age reduction measures have been implemented (see Chapter 4), SDS 
testing should be conducted on thewater treatment plant effluent to assess the potential 
impacts of booster chlorination at various locations within the distribution system. The water 
quality model should be utilized to establish the anticipated water age and potential booster 
chlorination scenarios for the SDS testing. If the SDS testing results indicates an impact of 
booster chlorination within the timeframe indicated, then operational changes with booster 
chlorination should be implemented;as these are likely to be a cost effective element to an 
overall DBP control strategy. 

3.5.4.3.2 Water Age Reduction Measures – Well Blending: 

Chapter 4 identifies the physical improvements to the distribution system piping network to 
reduce water age within the system. As indicated in Section 3.3, the future supply scenario 
recommended the addition of at least 15 new wells along the existing transmission 
pipelines as illustrated in Figure 3.27 and as detailed in Technical Memorandum 2 in 
Appendix A. Connecting new wells in this manner has the following advantages: 

 Additional local source of supply (up to 3.25 mgd) to augment supply from Arcadia 
Lake. 

 Capital cost is low compared to other locations, as limited infrastructure is required to 
connect to the distribution system. 

 A blended supply of Arcadia Lake water and well water has the potential to increase 
overall distribution system water quality through: 

– Reduction of water age. 

– Reduction of TTHM formation potential 

– Reduction of potential well water contaminants of concern (arsenic, chromium, 
radio nucleotides, etc.) 

Empirically based regression models have been developed to predict the level of TTHM 
formation within distribution system given a known set of parameters. The most useful 
formula was developed by Amy, G.H, et. al (1998, 2002) and based upon twelve different 
waters with low to moderate chlorine doses, in the presence of moderate concentrations of 
bromide, and either alum or iron coagulation. The equation utilized to predict TTHM levels 
is as follows: 

Equation 3.1 TTHM = 10-1.385 x (DOC)1.098 x Cl20.152 x Br-0.068 x pH(1.601) x T0.609 x t0.263 

Where: 

  DOC = Dissolved Organic Carbon in mg/L 
Cl2 = Applied Chlorine Dose at time zero in mg/L 
Br- = Bromide ion concentration in mg/L 
pH = pH of reaction in s.u. 
T = Temperature of reaction in Degrees C. 
t = Reaction time in hours derived from the hydraulic model in the water age 
analysis. 



FIGURE 3.27– WELL WATER BLENDING SCHEMATIC 
WATER & WASTEWATER SYSTEM MASTER PLAN 

CITY OF EDMOND, OKLAHOMA 
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This equation illustrates that TTHM formation potential increases, in order of influence, 
upon: 

 Increasing pH of the reaction  

 Increasing DOC levels. 

 Increasing Temperature. 

 Increasing or more persistent chlorine residual during the reaction time.  

 Increasing time of reaction  

 Increasing bromide levels 

Figure 3.28 presents a schematic illustrating the blending concept for the addition of wells 
along the 30-inch and 24-inch pipelines supplying the Northwest complex. Sampling from 
the distribution system indicates that some of the wells may have elevated bromide levels 
(20-150 µg/L) but also lower temperature, lower pH (7.5-8.0) and lower dissolved organic 
carbon (1 mg/L). As a result, blending of the well water supply with the Arcadia Lake supply 
within the transmission mains and storage tanks at the Northwest complex should have a 
net positive impact on the distribution water quality. In order to quantify this effect, it is 
recommended that SDS testing be performed on the range of anticipated blended water 
quality at the Northwest Booster Pump Station complex to determine the potential impacts 
of blending on overall system water quality. This testing should include any of the existing 
wells that may need to be repurposed to storage tanks for blending should chromium (VI) 
regulations currently being proposed in California are promulgated on a national level.(See 
Section 3.5.4.5 for further discussion)  

If this testing indicates a net positive impact on distribution system water quality both now 
and in the future following expansion of the Arcadia Lake supply, then these improvements 
should be implemented. If the testing indicates a negative impact on water quality, then 
additional disinfection by-product control measures may be needed to be employed to 
permit blending in this manner.  

3.5.4.3.3 Distribution System Mixing and Air Stripping: 

In many storage facilities, excessive water age is one of the most important factors related 
to water quality issues. Excessive water age is caused by: 

 Under utilization or insufficient turnover. 

 Short circuiting or other mixing problems within a storage tank. 
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In the fill and draw of a storage facility, mixing generally occurs during the fill cycle and is 
affected by the inlet configuration, tank geometry (cross sectional area versus water depth), 
and inlet momentum. Based upon empirical work using scale models (Rossman and 
Grayman 1999), the following relationship was developed for cylindrical tanks under fill and 
draw operation and isothermal conditions: 

Equation 3.2 Mixing Time (sec) = k’ x (π/4)^0.5 x V^0.67 x (d/Q) 

Where: 

 k’ = An empirical value related to the tank geometry 
d = Tank Inlet Diameter (ft) 
V = Volume of Water in the tank and the start of the fill (cubic feet) 
Q = Inflow rate in cubic feet per second (cfs) 

Based upon Roberts Et. Al., (2006) the value of k’ varied as the ratio of the tank 
height/diameter changed. They developed the following approximate relationship that is 
used for this analysis: 

 If H/D < 1, Then k’ = 10 

 If H/D > 1, Then k’ = 10 +3.5 x (H/D-1) 

A tank mix analysis was performed on all storage tanks in operation. Information regarding 
the existing and future storage tanks is provided in Section 4. When possible, the 
information on tank geometry was obtained from as built information. The in-flow rate (Q) 
and Volume remaining in each tank (V) after a draw cycle was obtained from SCADA 
records taken during the May 2013 and August 2013 TTHM sampling events. The results of 
the mixing analysis is presented in Table 3.17. 

The ideal results for mixing in tanks operating in a fill and draw mode is for the mixing time 
to be less than the fill duration. Based upon the data presented in Table 3.12, the Danforth 
ground and elevated and college elevated tanks have a potential issue with mixing. It is our 
understanding that the Danforth station is undergoing modifications to improve station 
capacity. The poor performance of the College elevated tank is likely due to the fact that the 
tank volume is not fully cycled due to the tank being too short for the pressure requirements 
(see Section 4). Indeed, the TTHM analysis indicated high TTHM levels (92 µg/L) at the 
College complex. 
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Table 3.17 Storage Tank Mixing Times 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Tanks Mixing Time (hours) Fill Duration Period (hrs) 

I-35 Ground Storage 1.1 3.0 

I-35 Elevated No. 1 3 4.3 

I-35 Elevated No. 2 4.5 7.0 

Danforth Ground 6 5 

Danforth Elevated 5.5 7.5 

33rd Ground 4 8 

33rd Elevated 6 7 

College Ground 3 6 

College Elevated 7.5 4.5 

Northwest NA NA 

Notes: 

(1) Data taken prior to Danforth Pump Station improvements, it is anticipated that the larger fill 
valve and additional pumps will aid in improving the tank mixing. However, an analysis should 
be performed to verify impact of these improvements.  

(2) Northwest Tank was off line during analysis so no data was obtained. 

One possible solution to reduce disinfection by-product formation within the distribution is to 
strategically place a mixing and/or aeration system within the existing tanks. A summary of 
field investigations performed on in-tank air stripping of a source water with high 
concentrations of brominated TTHMs in Western Canyon, CO is presented in Figure 3.29. 
This was conducted as part of the Water Research Foundation Project Localized Treatment 
for Disinfection By Products (2009). The study concluded the following: 

 Removal of brominated species is more difficult and higher air to water ratios will be 
required (15:1) to achieve up to 30% removal. 

 Stripping had little impact on the chlorine residual and the reaction to form TTHMs will 
continue following the air stripping process. 

 Calcium Carbonate precipitation potentials should be kept below 4 mg/L as CaCO3 or 
polyphosphate addition should be provided to prevent significant scale forming. 

 The installation of packed tower and tray aeration systems are typically cost 
prohibitive unless a centralized treatment facility is provided. However, these will 
typically provide higher removal values for brominated species (40-80 percent) since 
they operate at much higher air to water ratios (45:1).  

 In tank mixing systems (See Figure 3.30) are more cost effective, lower maintenance 
and can be retrofitted into existing ground storage tanks but have the following 
disadvantages:



% R l% Removal

Air to Water Ratios

FIGURE 3.29– AIR STRIPPING OF BROMINATED TTHMS
WATER & WASTEWATER SYSTEM MASTER PLAN

CITY OF EDMOND, OKLAHOMA
Source: Localized Treatment for Disinfection By 
Products, Johnson, B.A., Lin, J.C., Water Research 
Foundation #91254, 2009



Baffle and Coarse  Floating Spray Nozzle Aeration
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FIGURE 3.30– AIR STRIPPING/MIXING TECHNOLOGIES
WATER & WASTEWATER SYSTEM MASTER PLAN

CITY OF EDMOND, OKLAHOMA



 

December 2013 - FINAL 3-100 
pw://Carollo/Documents/Client/OK/Edmond/8967A00/Deliverables/Ch03 

– Existing tanks require significant structural modifications to permit installation of 
the air handling devices necessary to evacuate the headspace during 
operation. 

– Have the largest energy requirements. 

– Lower TTHM removal potential. 

3.5.4.3.4 Decision Flow Chart – Disinfection By Product Control 

A decision flowchart pertaining to control of Disinfection By-Products within the distribution 
system is provided in Figure 3.31. The principle is to first conduct the water age 
improvements recommended in Section 4 and continue to monitor the impact on the 
Locational Running Annual average of TTHM. It is also recommended that a mixing study 
be conducted prior to installing the new wells along the transmission mains to determine the 
anticipated limits of blending to meet water quality goals.  

If the analysis indicates that TTHM formation remains an issue in only isolated portions of 
the distribution systems, then the water quality model should be utilized to determine if 
chlorine boosting and/or typical in-tank air-stripping/mixing TTHM reduction measures will 
enable compliance at these targeted locations.  

If the analysis indicates that TTHM formation remains ubiquitous in the system, then 
additional measures to reduce and/or alter disinfection by product formation precursors 
should be implemented at the treatment plant to either remove or alter TTHM precursors.  

3.5.4.4 Water Treatment Plant Control Methods 

Given the “base treatment” concept outlined in the preceding section, we have identified the 
following candidate alternatives to provide additional disinfection by-product control 
measures should the distribution system control measures prove insufficient: 

 Water Age Reduction at WTP 

 Chloramine Conversion 

 Chlorine Dioxide Preoxidation 

 GAC Post-Filter Absorbers 

 MIEX Pretreatment 

The following summarizes the potential alternatives at the WTP to control disinfection 
by-products in the event the preferred control methods within the distribution system are 
inadequate. 



FIGURE 3.31– DISTRIBUTION SYSTEM DBP MANAGEMENT DECISION FLOWCHART 
WATER & WASTEWATER SYSTEM MASTER PLAN 

CITY OF EDMOND, OKLAHOMA 
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3.5.4.4.1 Water Plant Water Age Reduction – Baffled Clearwells: 

The daily required CT versus the actual CT achieved for 0.5 log Giardia inactivation is 
plotted in Figure 3.32. This figure indicates that the two clearwells provide a significant 
amount of CT even with the poorly baffled conditions. It is recommended that the City of 
Edmond conduct TTHM formation potential profiles through the existing plant to determine 
the extent of formation within the existing clearwells. Given the large detention times within 
the clearwells under poorly baffled conditions, it is likely that reducing the water age within 
the clearwells, particularly during the summer months will aid in long term compliance with 
the Stage II D/DBP. Consequently, the recommendations are as follows: 

1. Conduct a TTHMFP Profile through the WTP to determine the percentage of TTHMs 
contributed through the clearwell operations. 

2. From this study, determine whether baffling the clearwells and addition of disinfection 
feed points to reduce the water age while providing sufficient CTactual to satisfy at least 
twice the CTrequired. 

3. Operational Improvements: It may be necessary to include in the SOPs to instruct the 
operators to take one of the clearwells off line during the peak temperatures to further 
reduce TTHM formation.  

The costs to baffle each of the clearwells, install additional chlorine feed points, and install 
additional analyzers has been included with the recommended capital improvement 
projects. The exact design of the chlorine feed point and clearwell baffling should be 
conducted during the detailed CT study. 

3.5.4.4.2 Chloramine Conversion 

A schematic of the chloramines conversion alternative is presented in Figure 3.33. To 
minimize disinfection by-product formation within the distribution system, ammonia feed 
facilities would be added at the Arcadia Lake WTP clearwells prior to entering the high 
service pump station. A chlorine to ammonia ratio of 4:1 to 5:1 is utilized to ensure that 
monochloramine is the predominant species. In addition, the booster stations at the wells 
and within the distribution system may require the addition of ammonia to maintain 
chloramine residuals within the distribution system.  

When chloramination is practiced, one of the more significant concerns is nitrification 
caused by the growth of Ammonia Oxidizing Bacteria (AOB) in the distribution system. 
AOBs use ammonia as an energy source through conversion of ammonia to nitrate and 
nitrate to nitrite in a two-step process. The AOBs, nitrate, and nitrite from the process 
consume chloramines resulting in a loss of residual and increases in the hetertrophic plate 
counts within the distribution system. 
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The Biofiltration process within the “base treatment alternative” will oxidize a majority of the 
raw water ammonia to nitrite which will reduce the formation of any AOBs within the 
distribution system. In addition, there are several other preventative strategies that could be 
employed to minimize nitrification; these include the following: 

 Increasing the chlorine to ammonia ratio entering the distribution system to minimize 
the initial concentration of ammonia within the distribution system. This will be 
possible since the pH of the water entering the distribution system is high which 
reduces the potential to form the taste and odor causing di- and tri- chloramines. 

 Maintaining the pH of the water entering the distribution system above 8.5 s.u. has an 
inhibitory effect on the growth of AOBs within the distribution system. 

 Annual or semi-annual flushing of low velocity areas within the distribution system 
and ground storage tank cleaning to reduce the buildup of sediments. 

 Annual wintertime free chlorine “burn” within the distribution system to inhibit the 
growth of AOBs. These are typically slow growing organisms so some communities 
are able to increase the period between free chlorine “burns” particularly if wintertime 
water temperatures are below 15 C and water ages are low. 

In recent years, potential disinfection byproducts from chloramination (e.g. Dichloroacetic 
acid and cyanogin chloride) have been researched and discussed in the literature. 
Generally speaking, chloramination disinfection by-products do not pose a concern when 
meeting the requirements of the Stage II D/DBP MCLs. N-nitrosodimethylamine (NDMA), 
which has been identified by the USEPA as a probable human carcinogen has been 
detected in groundwater contaminated with rocket fuel, treated wastewater, and at much 
lower levels in chlorinated and chloraminated drinking waters.  

California has set an action level of 10 nanograms per liter (ng/L) for NDMA due to its 
presence in groundwater supplies. East Bay Municipal Water District (EBMUD) in 
California, which treats surface water has conducted a significant amount of research into 
the formation and control mechanisms for NDMA in water treatment processes. EBMUD 
found that cationic polymer (at doses of 0.8 to 1.2 mg/L) was the only significant source of 
NDMA formation when used in conjunction with chloramination. EBMUD determined that 
lowering the cationic polymer dose to at least 0.3 mg/L and maintaining a short period of 
free chlorine dose prior to chloramination reduced NDMA formation to around 2 ng/L. 

The City relies on cationic polymer for proper operation of the clarifiers and filters during 
high flowrates (above 10 mgd) which tend to upset the sludge blanket and cause carryover 
of floc into the filters. As a result, if chloramine conversion is necessary due to Stage II 
D/DBP compliance issues, the existing process should be “derated” to around 10 mgd to 
minimize the amount of cationic polymer necessary for plant operation.  
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3.5.4.4.3  Chlorine Dioxide Preoxidation 

A schematic of the chlorine dioxide preoxidation is provided in Figure 3.34. In this 
alternative, chlorine dioxide should be fed at the low lift pump station to: 

1. Oxidize manganese and iron prior to ozonation. 

2. Reduce microbial growth within the pipeline and prevent zebra mussel growth. 

3. Preoxidize organic matter to reduce the trihalomethane formation potential of the raw 
water. 

4. Prevent impact of chlorine dioxide on Biofiltration activity. 

5. Reduce ozone demand and, thus, minimize bromate formation.  

In addition, it is recommended that a low dose of ferrous sulfate be added to the raw water 
prior to softening to reduce chlorite levels in the finished water. The limit of chlorite in the 
distribution system is 1.0 mg/L due to its toxicity. In addition, reduction of chlorite will 
prevent reformation of chlorine dioxide in the presence of free chlorine which may lead to 
odor complaints within the distribution system.  

The success of chlorine dioxide in reducing the level of disinfection by-products is highly 
dependant on the nature of the organics. Chlorine dioxide reduces the formation potential 
of disinfection by-products through the preoxidation of sites normally reactive with chlorine. 
For example, Carollo recently completed a study for Central Arkansas Water to determine 
the effectiveness of chlorine dioxide preoxidation on compliance with the Stage II D/DBP 
MCLs on two different source waters. The results indicated a 30-40 percent reduction of 
TTHM formation in one of the source waters while only a 10-20 percent reduction in the 
other source water. As a result, further investigations would be required prior to determining 
if chlorine dioxide preoxidation would be an effective means of ensuring long-term 
compliance with the Stage II D/DBP MCLs. 

3.5.4.4.4 GAC Post Filter Absorbers: 

A schematic of the GAC post filter absorber concept is presented in Figure 3.35. To 
eliminate intermediate pumping, the low lift pump station and treatment facilities would be 
designed to permit the 8 ft of additional head needed to flow by gravity from the filters 
through the post filter absorbers and into the existing clearwells.  
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The GAC contactors would be designed for an empty bed contact time of at least 
15 minutes. The GAC contactors would consist of enclosed concrete basins with piping to 
fill and remove GAC from each contactor, plastic block underdrains, backwash facilities and 
GAC unloading facilities. An important issue in the operation of GAC contactors is 
controlling biological activity in the contactor. Because GAC has a large effective surface 
area, it provides a very effective medium for attachment of microorganisms particularly if 
Biofiltration prior to the GAC contactor is presents. Biological activity is best controlled by 
backwashing and physical replacement. Continuous chlorination ahead of the GAC 
contactors is not recommended because it does not effectively control biological growth, 
makes GAC brittle and susceptible to breakup during backwashing, and results in the 
formation of chlorination by-products that are absorbed and later oxidized during thermal 
regeneration to dioxins and florans. 

Historical information on TOC removal through the GAC process is presented in Figure 
3.36. This figure indicates the following: 

 TOC removal even with virgin GAC is not sufficient to reduce effluent TOC levels to 
below 1 mg/L. 

 Some TOC removal 10-20% occurs through biological activity. 

 GAC is exhausted for TOC removal following approximately 7,000 bed volumes. 

The GAC contactors should be designed with approximately 60 inches of GAC monomedia 
with approximately 10-12 inches of sand to prevent GAC fines from entering the finished 
water and increasing turbidity. In addition, the filters will be designed with at least three out 
of service during peak loading rate to account for media change out requirements and 
facilitate cycling of new GAC into the process to control TOC levels. The facility should be 
designed to bypass the GAC contactors during the winter months to avoid premature 
exhaustion of GAC prior to the summer months in which the full absorptive capacity will be 
required for compliance with the Stage II D/DBP MCLs.  

3.5.4.4.5 MIEX Pretreatment (Split or Complete): 

The MIEX process is a magnetic anion exchange process that selectively removes 
dissolved organic carbon (DOC) from water. To evaluate the effectiveness of the MIEX 
process on Arcadia Lake water, raw water samples were sent to Orica Watercare 
(manufacturer of the MIEX process), for evaluation. The protocol for the jar testing 
conducted by Orica Watercare is provided in Appendix I. 

Figure 3.38 indicates the impact of the number of bed volumes of MIEX resin on the 
removal of TOC in the Arcadia Lake raw water. Bed volume is defined as the volume of 
resin required to treat specific volume of water. The higher the bed volume, the lower the 
amount of resin required in the contactor and/or the lower the regeneration rate. In other 
words, the higher the bed volume, the lower the operational costs of the system. 
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Figure 3.37 indicates that the point of diminishing returns for TOC removal occurs after 
about 1,000 bed volumes. The result of the bench scale testing indicate a TOC removal 
from 35 to 50 percent depending on the regeneration frequency of the MIEX resin. 
Furthermore, the TOC removal was not sufficient to reduce effluent TOC values to below 
the 1 mg/L target without subsequent treatment.  

A process schematic of the integration of the high-rate MIEX process into the Arcadia WTP 
is presented in Figure 3.38. As indicated in Figure 3.38, the MIEX process would be 
integrated into the raw water pretreatment prior to the softening process. The high rate (HR) 
MIEX® treatment system utilizes ion exchange with magnetized anionic resin in a fluidized 
bed reactor (referred to as the contactor). As a result of investigating the HR MIEX® design 
parameters, the rated capacity of the System 2 WTP, and reviewing the process and 
project cost considerations with Orica, two HR MIEX® process trains operating at a 
hydraulic loading rate of 10 gpm/sq ft are recommended, along with the other required 
systems including a resin regeneration system to provide regeneration at a rate of 1000 bed 
volumes (BV).In addition, the raw water pump station design head would need to be 
increased to account for the additional losses through the MIEX process.  

3.5.4.4.6 Comparison of Water Treatment Plant DBP Control Methods 

Table 3.19 presents a summary of the capital costs, operational costs and net present 
value of each of the potential DBP control mechanisms. Of these alternatives, the only one 
that will ensure compliance with the Stage II D/DBP MCL is chloramine conversion. 
However, this alternative represents a complete change in disinfection practices and 
additional control measures for nitrification will be required. 
 

Table 3.18 Summary of Arcadia Lake WTP DBP Control Methods (30 mgd 
Expansion) 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Alternative Annual O&M Costs(4) Capital Cost PW Costs(2)(3) 

Chloramine Conversion(1)(7) $10/MG Treated $2,200,000 $4,750,000 
Chlorine Dioxide(1)(5) $25/MG Treated $3,300,000 $9,715,000 
GAC Contactors(1)(5)(6) $385,000 $12,500,000 $29,733,000 
MIEX Pretreatment(1)(5) $95/MG treated $10,500,000 $34,900,000 
Notes: 

(1) All estimates include the following global markups applied in the order given: (General conditions 
15%, Overhead and Profit, 7%, Taxes 7%, Contingency 50%, Engineering 25%, Construction 
allowance 5%. 

(2) Present Worth Costs assume a 5 percent interest rate over 20 years.  
(3) Present Worth costs based upon annual production schedule  
(4) Annual O&M costs are those IN ADDITION to the existing process O&M. 
(5) O&M costs based upon data from previous installations. 
(6) Carbon Replacement frequency for TOC removal based upon 1993 carbon testing data.  
(7) Excludes operating costs associated with additional flushing and free chlorine burns due to 

nitrification control.. 
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As indicated in Figure 3.31, WTP DBP control methods should only be considered if the 
water age reduction measures and air stripping technologies are insufficient to reduce DBP 
to below targeted levels and/or DBP formation within the distribution system is ubiquitous. If 
these are necessary, these additional control measures should be piloted to refine the 
operational cost and capital costs of each of the control technologies to finalize the decision 
making process. 

3.5.4.5 Well Chromium (VI) Alternatives: 

In 2003, the City of Edmond completed a groundwater master plan (Spear & McCaleb Co, 
Inc.) to determine the possibility of obtaining an addition supply of 2.5 to 3.0 mgd from an 
area east of I-35 and south of 2nd Street (see Figure 3.26). Table 3.17 summarizes the 
water quality data taken from the anticipated developable sand zones found in the 
subsurface.  

As Table 3.17 illustrates, the Garber-Wellington Aquifer contains some zones with high 
levels of radionuclides, chromium, selenium and other regulated constituents. However, 
according to City of Edmond staff, most of the 46 direct point of entry wells have 
consistently tested below the current proposed California Chromium (VI) standard of 10 
µg/L.  

The recommended water supply scenario (Scenario No. 3) proposed the continued use and 
periodic rehabilitation of the existing water supply wells within the system as well as 
construction of new wells along the existing a future transmission pipelines to increase the 
annual average yield of the groundwater supplies from 8 mgd to 10.2 mgd. 

If the EPA develops a similar MCL for Chromium (VI), then the City of Edmond should 
conduct a comprehensive well study to determine the potential wells impacted by these 
regulation and whether any combination of the following methods will be cost effective 
means to achieve compliance: 

 Zonal Isolation: In the zonal isolation option, those production zones which contain 
high chromium levels are isolated from those that do not through injection grouting 
exterior to the well casing to eliminate the production from this portion of the well.  

 Well Blending: In the well blending option, the production wells which possess higher 
levels or chromium (VI) are combined with the wells with no or lower chromium levels 
prior to entry to the distribution system to enable compliance with the Chromium (VI) 
MCL. 

 Arcadia Lake Treated Supply Blending: In this option, the existing and/or future 
production wells which possess higher levels of chromium (VI) are blended with the 
Arcadia Lake treated water supply within the existing transmission pipelines and 
booster pump station ground storage tanks prior to entering the distribution system. 
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 Arcadia Lake Raw Supply Blending: In this option, the existing production wells 
would be connected to the Arcadia Lake by connecting the discharge of the wells to 
Spring Creek and subsequent expansion of the Arcadia Lake WTP to recognize this 
increase lake yield. Carollo investigated a similar option for the City of Norman in the 
2060 Strategic Water Supply Plan (2013).  

 Centralized Well Head Treatment: In this option, the existing wells with high 
Chromium (VI) levels would be blended together at a centralized treatment facility 
and blended back into the distribution system at the existing booster pump station 
complexes. The anticipated costs for centralized treatment of wells for Chromium (VI) 
are approximately $3.08/gpd and is based upon a weak ion exchange process as 
described in Appendix J. Treatment selection was based upon local pilot scale 
projects conducted at Glendale Power and Light in California. This cost does not 
include the infrastructure necessary to transport the wells to the centralized treatment 
facilities.  

3.5.5 Residuals Handling and Disposal 

3.5.5.1 Projected Residuals Production: 

A mass balance of the annual average and peak day quantities of residuals generated from 
the softening process at the Arcadia Lake WTP is presented in Figure 3.39 and Figure 3.40, 
respectively. Residuals, also referred to as solids, are produced as a by-product of the 
chemical treatment and sedimentation processes. The composition of treatment plant 
residuals consists mostly of colloidal matter, chemical precipitates, organic compounds, and 
microorganisms. Carollo estimated solids production using a mass balance approach that 
considers raw water hardness and turbidity removed as well as chemical addition during 
softening. Table 3.20 provides a summary of the estimated solids production schedule at 
average day flow and maximum day flow for the recommended full-softening alternative. 
 

Table 3.19 Summary of Residuals Production Schedule 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Year 

Arcadia Diversion without IPR Arcadia Diversion with IPR 

AA PD AA PD 

2017(1)(2) 11 70 11 70 
2022(1)(2) 12 81.5 12 81.5 
2027(1)(2) 13 86.5 13 86.5 
2032(1)(2) 13.9 97.9 13.9 97.9 
2042(1)(2) 15 123.1 15 123.1 
Ult. (1)(2) 15 123.1 21 172 
Notes: 

(1) See Table 3.1 For a summary of annual average and peak day projected production at the 
Arcadia Lake WTP for water supply scenario No. 3. 

(2) Annual production and peak production values in dry tons/day. 
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Table 3.20 Summary of Test Well Data from 2003 Well Master Plan 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Parameter Units 
Regulatory 
Limit Ratio(1) 

Test Hole No.(2) 

1 4 6 8 

Specific Capacity(3) gpm/ft NA NA 0.9 0.9 0.8 0.8 

Depth(4) ft NA NA 580 600  580 

Development Depth(4) ft NA NA 164 152 126 170 

Capacity (Est.)(4) gpm NA NA 130 125 110 150 

Arsenic(5) µg/L 10 None BDL BDL BDL BDL 

Barium µg/L 2000 None 309-30 92-87 10400 400-20 

Chromium (total)(5)(6) µg/L 100 24 215-43 150-BDL 757-26 130-BDL 

Chromium (VI)(5)(6) µg/L 10 246 Unknown Unknown UK UK 

Bromide(7) µg/L  None Unknown Unknown UK UK 

Iron(8) µg/L 300 45 182-269 2250-1110 1010-253 4240-688 

Manganese(8) µg/L 50 5 30-33 75-26 26-2 30-7 

Selenium µg/L 50 None BDL BDL BDL BDL 

Sodium(8) µg/L 1,000 None 186-75 287-89 511-27 582-80 
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Table 3.20 Summary of Test Well Data from 2003 Well Master Plan 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Parameter Units 
Regulatory 
Limit Ratio(1) 

Test Hole No.(2) 

1 4 6 8 

Zinc(8) µg/L 5000 None 62-45 20-3 3370-11 60-10 

Chloride(8) mg/L 250 5.27 80-30 254-23 194-15 406-10 

Fluoride(5) mg/L 4  0.8-0.4 1.4-0.2 1.42-0.1 1.34-0.2 

Sulfate(8) mg/l 250  162-20  80-50 88-10 

pH(8) s.u 6.5-8.5  9.15-8.1  9.1-7.3 9.5-8.0 

TDS(8) mg/L 500 8.9 581-400 956-280 700-330 1230-280 

Alkalinity mg/L as 
CaCO3 

None  325-145 328-226 365-200 385-254 

Hardness mg/L as 
CaCO3 

None  227-15 33-7 354-28 204-25 

Nitrate(8) mg/L as N 10  0.9-0.7 0.6-0.1 3.5-0.25 1-0.2 

Gross Alpha pCi/L   56-17 81-23 577-1 262-11 

Gross Beta(5) pCI/L 50 182 10-0.5 6.8-1 182-0 75-3 

Adjusted Gross Alpha(5) pCi/L 15 44 16-11 72-12 144-0.24 43-2 
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Table 3.20 Summary of Test Well Data from 2003 Well Master Plan 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Parameter Units 
Regulatory 
Limit Ratio(1) 

Test Hole No.(2) 

1 4 6 8 

Uranium (pCi/L)(5) pCi/L 20 640 68-8 33-5 640-1.45 323-5 

Notes: 

(1) The Dilution ratio is based upon the highest value of the Well Water Quality parameter present in the test hole analysis. It is based upon the 
average values in the Arcadia Lake WTP. The dilution ratio indicates the amount of arcadia lake water mgd necessary to achieve approximately 
3.25 mgd of wells connected to the existing transmission mains.  

(2) All water quality data indicates the total range found at various production depths within the test hole. It therefore represents a conservative 
value for the water quality data. Based upon the results of the Engineering Report for Ground Water Master Plan, Spear & McCaleb Co (2003). 

(3) Value provided by plant staff. Specific Capacity in the south and east portion of town is less than the system average 1.2 gpm/ft.  
(4) Depth, development length and capacity determined from the above mentioned report 
(5) Primary Maximum Contaminant Limit 
(6) Total Chromium is currently regulated at 100 µg/L. However, California has proposed a primary MCL for Chromium (IV) at 10 µg/L. Based upon 

previous work we have done with Norman, most of the total chromium is in the reduced state as Chromium (IV) so it is likely that this is the total 
chromium value.  

(7) Bromide levels in the wells are not known, however, analysis of some of the well sites within the distribution system indicate bromide levels in the 
100-200 µg/L range. 

(8) Secondary MCL. 



Lime addition = 109 mg/L as CaCO3

Ca+2 Hardness = 92 mg/L as CaCO3
Alkalinity = 158 mg/L as CaCO3
M +2 H d 77 /L C CO

Ca+2 Hardness = 45 mg/L as CaCO3
Alkalinity = 85 mg/L as CaCO3
Mg+2 Hardness = 45 mg/L as CaCO3

pH = 11.0

Mg+2 Hardness = 77 mg/L as CaCO3
Turbidity = 11 NTU

Mg Hardness  45 mg/L as CaCO3

Dry weight of CaCO3 (lbs/million gallons) = 20.9 x [36.8+ 43.6– 18] = 1304 lbs/million gallons
Dry weight of Mg(OH)2 (lbs/million gallons) = 20.0 x [18.5– 10] =  170 lbs/million gallons
Dry weight of lime impurities (lbs/million gallons) = 909 lbs/million gallons x (100-95)/100 =  45 lbs/million gallons
Turbidity =  11 NTU * 1.75 mg/L/NTU * 8.34 dry lb/MG =  160 lbs/million gallons
Polymer = 5 mg/L *8 34 dry lb/MG = 41 7 lbs/million gallonsPolymer = 5 mg/L *8.34 dry lb/MG = 41.7 lbs/million gallons
Total = 1,721 lbs (dry)/million gallons

FIGURE 3.39- MASS BALANCE OF AA SOLIDS PRODUCTION
WATER & WASTEWATER SYSTEM MASTER PLAN

CITY OF EDMOND, OKLAHOMA

SOURCE: 2009 ‐2012 water quality data



Lime addition = 150 mg/L as CaCO3

Ca+2 Hardness = 125 mg/L as CaCO3
Alkalinity = 214 mg/L as CaCO3
M +2 H d 95 /L C CO

Ca+2 Hardness = 33mg/L as CaCO3
Alkalinity = 92 mg/L as CaCO3
Mg+2 Hardness = 40 mg/L as CaCO3

pH = 11.0

Mg+2 Hardness = 95 mg/L as CaCO3
Turbidity = 300 NTU

Mg Hardness  40 mg/L as CaCO3

Dry weight of CaCO3 (lbs/million gallons) = 20.9 x [50+ 60– 13] = 2023 lbs/million gallons
Dry weight of Mg(OH)2 (lbs/million gallons) = 20.0 x [22- 10] =  240lbs/million gallons
Dry weight of lime impurities (lbs/million gallons) = 909 lbs/million gallons x (100-95)/100 =  45 lbs/million gallons
Turbidity =  300NTU * 1.75 mg/L/NTU * 8.34 dry lb/MG =  4,378 lbs/million gallons
Polymer = 5 mg/L *8 34 dry lb/MG = 41 7 lbs/million gallonsPolymer = 5 mg/L *8.34 dry lb/MG = 41.7 lbs/million gallons
Total = 6,728 lbs (dry)/million gallons

FIGURE 3.40- MASS BALANCE OF PD SOLIDS PRODUCTION
WATER & WASTEWATER SYSTEM MASTER PLAN

CITY OF EDMOND, OKLAHOMA

SOURCE: 2009 ‐2012 water quality data
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3.5.5.2 Existing Residuals Handling System 

A schematic of the current residuals handling system at the Arcadia Lake WTP is presented 
in Figure 3.41. Currently, the Arcadia Lake WTP operates eighteen (16 small and 2 large) 
concrete drying beds located in the southwest corner of the Water Treatment Plant. 
Residuals are removed from the presedimentation basins and softening basins periodically 
and sent by gravity to each drying bed. When the drying bed is full, the residuals are sent to 
the next available drying bed. The residuals are allowed to settle and dry in each of the 
drying beds while the excess water is sent to the recycle pump station. Decant withdrawal 
in all of the sludge basins can be controlled by raising and lowering the weir gates. 

Additionally, the stop logs may be added or removed to increase/decrease the volume 
available for drying. However, these are typically not used due to problems with stop log 
leaking. Once a drying bed has been filled to a desired depth and the majority of the water 
has been decanted, the sludge is allowed to dry by evaporation. Based upon operational 
data, approximately six to nine months are required, depending on climatic conditions, to 
effectively dewater solids in a single bed. Once dewatered the residuals are hauled off by a 
contract firm which pays the City of Edmond a certain amount per ton to utilize the residuals 
as agricultural lime and in blending with acidic soils in the area. 
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FIGURE 3.41– EXISTING RESIDUALS HANDLING SYSTEM 

SCHEMATIC
WATER & WASTEWATER SYSTEM MASTER PLAN

CITY OF EDMOND, OKLAHOMA
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Dual Cell Washwater Basin



 

December 2013 - FINAL 3-123 
pw://Carollo/Documents/Client/OK/Edmond/8967A00/Deliverables/Ch03 

Table 3.21 presents the existing lagoon design criteria and the capacity relative to design 
standards for typical lime softening drying beds within the state of Oklahoma. This is based 
upon the experience of the Engineer in the design of similar systems. Given this loading 
rate, the existing drying beds are sufficient to process an annual average flow of 4 mgd. 
 

Table 3.21 Arcadia Lake WTP Existing Residual Handling System 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Unit 
Process Design Parameter Unit 

Design 
Value 

Design 
(ODEQ) 
Requirements Comments 

Washwater 
Basin 

Number each 2  Dual Overflow Cell 

Type Concrete, partially Buried  

Volume Ea gal 610,000   

Purpose Washwater recovery, settling 

Filter 
Volume/Backwash 

gal 180,000   

Detention Time in 
settling zone 

hours 9  At peak production 
of 12 mgd 

Basin Depth feet 9 10 mgd  

Solids 
Drying Bed 
I(Small)  

Dimensions feet 118x38 Engineer 
Determined 

 

No. of Basins each 16 NA  

Maximum Wet Depth feet 5.3 19,560 cu ft  

Maximum Dry Depth feet 3.5 9,270 cu ft  

Type Concrete Lined with Stop Gates 

Loading Rate dry lb/sq 
ft 

15  At peak annual 
production 
(5.4 mgd) 

Solids 
Drying Bed 
I(Large) 

Dimensions feet 118x78 Engineer 
Determined 

 

No. of Basins each 2 NA  

Maximum Wet Depth feet 5.3 39,120 cu ft  

Maximum Dry Depth feet 3.5 18,540 cu ft  

Type Concrete Lined with Stop Gates  

Loading Rate dry lb/sq 
ft/year 

15  At peak annual 
production 
(5.4 mgd) 
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Table 3.21 Arcadia Lake WTP Existing Residual Handling System 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Unit 
Process Design Parameter Unit 

Design 
Value 

Design 
(ODEQ) 
Requirements Comments 

No Cycle/ Year each 1.75   

Total Capacity dry lb/sq 
ft/cycle 

15 < 4 mgd  

Notes: 

(1) Loading rate is based upon experience in design of similar concrete lined drying basins in the 
Oklahoma City Area. 

(2) No of cycles per year based upon input from operations staff regarding lagoon dewatering 
during an average year. 

3.5.5.3 Residuals Handling System Alternatives: 

3.5.5.3.1 Alternative No. 1 – Expansion of Existing Lagoon Systems 

The reason for the low cycling rate is that the solids concentration within the blowdown from 
the Claricone units is typically between 2 and 5 percent (98-95 percent water) (Peck and 
Russell Water Treatment Plant Design, 4th Ed. 2005). To reduce the amount of water taken 
to the drying beds and, therefore increase the cycling rate for each drying bed, it is 
recommended that two thickeners be installed to increase the concentration of the solids 
going to each drying bed. Thickening units, with polymer addition, can increase the 
thickness of the lime residuals to 15 to 30 percent when properly sized (Cornwall, D.A 
Water Treatment Residuals Engineering 2006).In addition to the thickening units, up to 
sixteen additional lagoons will be provided as indicated in Figure 3.42. A process schematic 
of the recommended improvements is provided in Figure 3.43 with the design criteria 
presented in Table 3.22. 



FIGURE 3.42– SITE PLAN ALTERNATIVE NO. 1 
WATER & WASTEWATER SYSTEM MASTER PLAN 

CITY OF EDMOND, OKLAHOMA 
 

16 new 118ft  x 80ft  sludge drying 
beds 

Mechanical Thickeners (typ of 2) 

Sludge pumping station  
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Table 3.22 Arcadia Lake WTP Residuals Dewater Alternative No. 1 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Unit 
Process 

Design 
Parameter Unit 

Design 
Value 

Design 
(ODEQ) 
Requirements Comments 

Washwater 
Basin 

Number each 4  Dual Overflow 
Cell 

Type Concrete, partially Buried  

Volume Each gal 610,000   

Purpose Washwater recovery, settling 

Filter 
Volume/Backwash 

gal 180,000   

Detention time in 
settling zone 

hours 9  At peak 
production of 
12 mgd 

Basin Depth feet 9 10 mgd  

Solids 
Thickeners 

Softener 
Blowdown Events 

each 2  (1) 

 Blowdown Rate gpm 500  (1) 

 Blowdown conc. percent 2-10  (2)  

 Thickener 
hydraulic loading 
rate 

gpm/sq ft 0.15 sq ft = 3,333 (3) 

 Thickener Solids 
Loading Rate 

lb/day/sq 
ft 

25 sq ft = 4200 (3) 

 Thickener Surface 
Area 

sq ft 6500  (4) 

 No. of Thickeners each 2  (5) 

 Thickener 
Diameter 

feet 80   

 Thickener SWD feet 18   

Thickener 
Pump Station 

Pump Flow Rate gpm 100   

 TDH feet 50   

 HP each 10   

 Type Wemco, chrome hardened Ni pumps  

 Number each 3   

 Location Dry well concrete, below grade, 23 ft deep 

 Discharge velocity ft/sec 4-6   
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Table 3.22 Arcadia Lake WTP Residuals Dewater Alternative No. 1 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Unit 
Process 

Design 
Parameter Unit 

Design 
Value 

Design 
(ODEQ) 
Requirements Comments 

Solids Drying 
Bed I(Small)  

Dimensions feet 118x38 Engineer 
Determined 

 

 No. of Basins each 16 NA  

 Maximum Wet 
Depth  

feet 5.3 19,560 cu ft  

 Maximum Dry 
Depth 

feet 3.5 9,270 cu ft  

 Drying Area(Total) sq ft 71,750   

 Type Concrete Lined with Stop Gates 

 Loading Rate dry lb/sq 
ft 

15  At peak annual 
production 
(5.4 mgd) 

Solids Drying 
Bed I(Large ) 

Dimensions feet 118x78 Engineer 
Determined 

 

 No. of Basins each 16 NA  

 Maximum Wet 
Depth  

feet 5.3 39,120 cu ft  

 Maximum Dry 
Depth 

feet 3.5 18,540 cu ft  

 Type Concrete Lined with Stop Gates  

 Loading Rate dry lb/sq 
ft/year 

15  At peak annual 
production 
(5.4 mgd) 

 No Cycle/ Year each 2.5   

 Total Capacity dry lb/sq 
ft/cycle 

18 < mgd  

 Total Drying area sq ft 240,000   

Notes: 

(1) Demonstrates number of simultaneous blowdown events to each thickener.  
(2) Normal range of anticipated blowdown concentration from claricone and solids contact 

clarification process. 
(3) Roth, Et. Al, Implementing Residuals Management, Journal AWWA, 100:3 March 2008. 
(4) Design of thickeners is solids limited. 
(5) Designed so that both are in operation during peak day. A third unit will be required should the 

IPR alternative be selected. 
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3.5.5.3.1 Alternative No. 2 – Mechanical Dewatering  

The process schematic for the mechanical dewatering alternative is presented in Figure 
3.44 with design criteria presented in Table 3.23. Two thickeners would be provided to 
increase the solids concentration and provide hydraulic equalization of the solids blowdown. 
A decant and sludge pump stations would be provided with the decant recycled back to the 
screen house and the sludge pumped up through a mix system into an above ground 
storage tank to provide some equalized flow prior to feeding to three (3) centrifuge 
dewatering units. A site layout of Alternative No. 2 is provided in Figure 3.45. 
 

Table 3.23 Arcadia Lake WTP Residuals Dewater Alternative No. 2 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Unit 
Process Design Parameter Unit 

Design 
Value 

Design 
(ODEQ) 
Requirements Comments 

Washwater 
Basin 

Number each 4  Dual Overflow Cell

Type Concrete, partially Buried  

Volume Ea gallon 610,000   

Purpose Washwater recovery, settling 

Filter Volume/Backwash gallon 180,000   

Detention Time in 
settling zone 

hours 9  At peak production 
of 12 mgd 

Basin Depth feet 9 10 mgd  

Solids 
Thickeners 

Softener Blowdown 
Events 

each 2  (1) 

Blowdown Rate gpm 500  (1) 

Blowdown conc. percent 2-10  (2)  

Thickener hydraulic 
loading rate 

gpm/sq 
ft 

0.15 sq ft = 3,333 (3) 

Thickener Solids 
Loading Rate 

lb/day/s
q ft 

25 sq ft = 4,200 (3) 

Thickener Surface Area sq ft 6500  (4) 

No. of Thickeners each 2  (5) 

Thickener Diameter feet 80   

Thickener SWD feet 18   

Thickener 
Pump 
Station 

Pump Flow Rate gpm 100   

TDH feet 50   

HP each 10   

Type Wemco, chrome hardened Ni pumps  

Number each 3   
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Table 3.23 Arcadia Lake WTP Residuals Dewater Alternative No. 2 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Unit 
Process Design Parameter Unit 

Design 
Value 

Design 
(ODEQ) 
Requirements Comments 

Location Dry well concrete, below grade, 23 ft deep 

Discharge velocity feet/sec 4-6   

Solids 
Storage 
Day Tank 

Diameter feet 60 Engineer 
Determined 

 

No. of Basins each 1 NA  

Volume gallon 50,000 19,560 cu ft  

Drying Area(Total) sq ft 71,750   

Type Bolted or Welded Steel Epoxy Coated 

Height feet 15   

Solids 
Mixing/ 
Pump 
Delivery 

No of Pumps each 3 Engineer 
Determined 

 

Capacity 50 gpm   

TDH 50  ft   

HP each 7.5   

Type Wemco, chrome hardened Ni Pumps  

Centrifuges Number each 3   

Capacity each    

Inlet Conc percent 10-30   

Outlet Conc percent 50-60   

Polymer Feed lb/dry 
ton 

10   

Liquid Loading Rate 
(each) 

gpm 500  Assuming 10 % 
solids at 
62.4 lb/cu ft 

Operating Hours/day hours 5   

Operating Days/Week days 3   

Notes: 

(1) Demonstrates number of simultaneous blowdown events to each thickener.  
(2) Normal range of anticipated blowdown concentration from claricone and solids contact 

clarification process. 
(3) Roth, Et. Al, Implementing Residuals Management, Journal AWWA, 100:3 March 2008.  
(4) Design of thickeners is solids limited 
(5) Designed so that both are in operation during peak day. A third unit will be required should the 

IPR alternative be selected. 
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FIGURE 3.45– SITE PLAN ALTERNATIVE NO. 2 
WATER & WASTEWATER SYSTEM MASTER PLAN 

CITY OF EDMOND, OKLAHOMA 
 

New Dewatering Building  

New Mechanical Thickener 
and sludge pump sation 
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3.5.5.4 Summary of Residuals Handling Alternatives 

Table 3.24 presents a summary of the net present worth for each of the dewatering 
alternatives. 

Table 3.24 indicates that, given sufficient space on the plant site, the most cost effective 
means will be to continue with the engineered lagoon approach to residuals dewatering. 
 

Table 3.24 Summary of Arcadia Lake WTP Residuals Handling Alternatives 
(30 mgd Expansion) 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Alternative Annual O&M Costs Capital Cost(1) PW Costs(2)(3) 

Lagoon Expansion(1)(4) $220,000 $28,500,000 $31,300,000 

Mechanical Dewatering(1)(5) $450,000 $33,727,300 $39,487,300 

Notes: 

(1) All estimates include the following global markups applied in the order given: (General 
conditions 15%, Overhead and Profit, 7%, Taxes 7%, Contingency 30%, Engineering 25%, 
Construction allowance 5%. 

(2) Present Worth Costs assume a 5 percent interest rate over 20 years. 
(3) Present Worth costs based upon annual production schedule  
(4) O&M costs based upon data from the existing plant records, projected for the annual average 

based upon a cost per dry ton basis. 
(5) O&M costs are based upon the information obtained from other communities operating similar 

sized equipment as reported in Roth, Et. Al, Implementing Residuals Management, J AWWA, 
100:3, March 2008. 

3.5.6 Residuals Disposal 

In September 1987, the Arcadia Lake Sludge Management Plan recommended the 
classification of residuals from the Arcadia Lake WTP as agricultural lime to permit land 
application of the residuals under the Oklahoma Solid Waste Management Act (1970). As 
part of this 1987 plan, the following land disposal options were evaluated: 

 Contracted land disposal with an agricultural lime vendor (i.e. an entity hired by local 
landowners for pH adjustment of soils or roadway clean fill) 

 Transfer of residuals to individual landowners 

 Transfer of residuals to agricultural lime vendor 

 Repurpose City to act as lime vendor 

 Landfill disposal 

The least expensive alternative was to contract with an agricultural lime vendor and 
individual landowners to dispose of residuals; this disposal method is currently being 
employed today. Based upon similar studies conducted by Carollo on the disposal of lime 
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softening residuals, this alternative remains the least expensive, and most beneficial means 
of residuals disposal. As a result, as the WTP is expanded, the disposal of residuals 
through an agricultural lime vendor should be continued.  

3.5.7 Demand Triggers and Phasing 

This subsection presents a summary of the recommended improvements developed for the 
water supply and treatment portion of the system. The summary of each project includes a 
discussion of the conditions that would trigger the need for the project to be constructed. 
These trigger points may be related to water demand, regulatory requirements, or may be 
based upon policy decisions made by the City of Edmond to maximize the development of 
the existing supplies prior to purchasing from the City of Oklahoma City. Estimated project 
costs are identified and include both engineering and construction costs.  

3.5.7.1 Short Term Improvements: 

3.5.7.1.1 Policy Decision – Maximize Local Supplies 

As previously discussed, initial increases in capacity for the Arcadia Lake intake and raw 
water conveyance system are triggered by the City’s near-term goal of increasing use of 
available Arcadia supplies and decreasing use of wholesale water purchases from 
Oklahoma City, in support of its goal of reducing overall long-term costs for water supply. 

There is no near-term demand for the first phase of Arcadia Lake WTP capacity 
improvements. However, the sooner the City is able to meet its demands using its own local 
sources, the sooner it can reduce annual costs associated with Oklahoma City water 
purchase, and begin toward the long-term savings goal. An initial capacity expansion 
project could be initiated with design in 2015, and construction complete in 2019. While 
aggressive, this schedule works immediately toward the City’s long-term goals. 

The phase I improvements at the WTP and intake would consist of the following: 

 New 45 mgd Intake Improvements: 

– Obtain approval from the Oklahoma Water Resources Board (OWRB) and 
USACE to increase the allowable average annual withdrawal from Arcadia Lake 
to 17.8 mgd. 

– Obtain approval from OWRB to increase the peak day withdrawals from 
Arcadia Lake from 11.5 mgd to 40 mgd for stream water right number 1974-175 
(limited to time period of April 15 through October 15). 

– Modify the surface water application from OWRB (#2011-66) to include a 
seasonal withdrawal limit of approximately 15 mgd from October 16 through 
April 14 based upon the results of Figure 3.36. 

– Install a new intake \ and low lift pump station suction line at the Arcadia Lake 
with sufficient capacity for 45 mgd to provide a combined capacity of 57 mgd 
with the existing intake pump station (12 mgd firm) as presented in Table 3.12.
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– Construct a new low lift pump station with a firm capacity of 20 mgd expandable 
to 45 mgd firm to satisfy ultimate demands. 

– Rehabilitate existing low lift pump station to install new VFDs and improve 
intake conditions.  

 Rehabilitating existing treatment plant per recommendations presented in Table 3.10. 

 Two (2) new 10 mgd parallel enhanced-softening treatment trains (Table 3.14) 
consisting of: 

– Screening House 

– Preozonation for CT and microflocculation 

– Presedimentation Basins 

– Rapid mix (to 40 mgd capacity) 

– Solids contact clarification unit 

– Post Ozonation for Taste and Odor Oxidation 

– Deep Bed, Rapid Rate, Multimedia GAC/Sand, Engineered Biofilters 

– New high service pump station 

– New backwash supply pumps and elevated tank for dechlorinated backwash of 
filter units 

 Modification of the existing residuals handling systems (see Table 3.22) to install: 

– Two new gravity thickeners with integral pump station 

– New lime residuals day tank to smooth out peak day residuals production 

– Addition of eight to ten new engineered lagoons similar in size to the new 
lagoons installed in the 2000 plant improvements projects. 

 Rehabilitation/Replacement of the following: 

– New centralized lime silos and batch slaking system master planned for an 
additional 10 mgd treatment train in the future. 

– New centralized chemical building containing the following chemical systems 
master planned for a 40 mgd peak day facility : 

 On-site generation of sodium hypochlorite 

 Liquid Ammonium Sulfate and Phosphoric Acid feed systems for enhanced 
biofiltration. 

 Liquid Alum and Cationic polymer feed systems.  

– Baffling Clearwell and adding chlorine feed points for water age improvements. 

– New centralized carbon dioxide storage system with centralized pressurized 
solution feed system.  

– New electrical feed and main switchgear building to serve the new treatment 
units and pump stations. 
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 New Ozone storage and feed systems for two 10 mgd treatment trains master 
planned for an additional 10 mgd treatment train in the future. 

 Rehabilitation/remodeling of administration building and control room to install new 
computer and telemetry equipment.  

At the completion of these improvements, the Intake and low lift pumping system will have a 
capacity of approximately 57 mgd while the treatment plant will have a capacity of 30 mgd 
which, when combined with the wells; will be sufficient to satisfy projected demands through 
2032. 

3.5.7.1.2 Regulatory Driver – Stage II D/DBP MCL  

As previously discussed, maximizing the development of local supplies will challenge the 
ability of the existing treatment process to satisfy the Stage II D/DBP MCLs. The Stage II 
D/DBPR MCLs became effective on October 1, 2012 with the operational evaluation levels 
effective on July 2013.  

The preliminary analysis conducted as part of the master planning process identified 
chloramines conversion as the lowest cost alternative to ensure long-term compliance (see 
Section 3.5.4.4.6) should methods to control water age, blending supplies, and tank mixing 
or air stripping within the distribution system prove inadequate. However, more extensive 
bench scale and pilot scale investigations should be done to determine whether alternate 
disinfection by product control strategies will enable the City of Edmond to affordably 
comply with these regulations without the need for chloramine conversion.  

As a result, it is recommended that a bench scale and treatability study be conducted which 
includes the following elements: 

 Simulated Distribution System (SDS) testing of different ratios of blended Arcadia 
Lake and well supplies to determine impact on Stage II D/DBP R MCL compliance. 

 Simulated Distribution System (SDS) testing of the impact of split treatment on the 
TTHM formation potential.  

 Rapid, small-scale, testing of GAC adsorption flowed by SDS testing to determine 
impacts of carbon life on TTHM formation potential.  

 Bench scale testing of the impact of chlorine dioxide preoxidation of raw water on split 
and conventional softening treatment trains. 

The new treatment process should be designed to incorporate GAC post-filter absorbers 
into the hydraulic profile of the treatment plant without the need for intermediate pumping.  
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3.5.7.2 Long Term Improvements  

3.5.7.2.1 Condition Improvements – WTP Rehabilitation 

The capital improvements table includes the longer term rehabilitation projects associated 
with the existing Arcadia Lake WTP as specified in Table 3.10. These should be conducted 
on an as-needed basis as determined by the operations and maintenance staff.  

3.5.7.2.2 Policy Decision – Maximize Local Supplies: 

Subsequent improvements at the Arcadia Lake WTP will be triggered as peak day 
demands approach the limits of the expanded treatment plant and wells to satisfy these 
demands. Given that: 

 The projected peak day water demands are conservative in nature. 

 Future conservation measures such as Xeriscaping, permanent watering restrictions 
policies, etc. will further reduce seasonal variability in peak day demands. 

 The infrastructure to purchase treated water from Oklahoma City water remains in 
place. 

 Following the completion of the phase I improvements at the WTP outlined in 
Section 3.5.7.1, any future expansion projects (which expands the WTP from 30 mgd 
to 40 mgd) should require no more than 3 years to construct. 

The projected trigger for the expansion of the Arcadia Lake WTP from 30 to 40 mgd should 
occur in 2030. Alternatively, the peak day demands should be monitored and the 
engineering design for the project should be started when these demands reach 
approximately 27.75 mgd or 90 percent of the treatment capacity. This trigger point allows 
three years for design and construction to be completed prior to the need for additional 
capacity.  

The Phase II improvements should include the following: 

 One new 10 mgd parallel full-softening treatment trains consisting of: 

– Screening House 

– Preozonation  

– Presedimentation and rapid mix 

– Solids contact clarification unit 

– Post Ozonation 

– Deep Bed, Rapid Rate, Multimedia GAC/Sand, Biofilters 

– Additional 4 MG Clearwell with baffles. 

– Expansion of High Service Pump Station. 
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 Modification of the existing residuals handling systems to install and rehabilitate as 
follows: 

– Additional lime residuals day tank to smooth out peak day residuals production 

– Additional 6 to 8 Lagoons for expansion of existing engineered lagoons. 

– Rehabilitation of existing lagoon systems. 

– Rehabilitation/rebuild of thickener mechanisms and coating of internal steel. 

 Chemical Feed System Rehabilitation Expansion: 

– Additional Lime silo batch slaking system and rehabilitation of existing lime 
system.  

– Additional Ozone storage, ozone generators, and rehabilitation/replacement of 
existing ozone system. 

– Baffling Clearwell and adding chlorine feed points for water age improvements. 

– Additional carbon dioxide feeders and rehabilitation of existing storage tanks. 

– Rehabilitation/expansion of ammonia, phosphorous, polymer, and alum feed 
systems.  

 New electrical feed and main switchgear building to serve the new treatment units 
and pump stations.  

 Rehabilitation/remodeling of administration building and control room to install new 
computer and telemetry equipment.  

At the completion of these improvements, the Intake and Low Lift pumping system will have 
a capacity of 54 mgd while the treatment plant will have a capacity of 40 mgd which, when 
combined with the wells; will be sufficient to satisfy projected demands through 2042. 

3.5.7.2.3 Regulatory Compliance – Chromium (IV) Regulations 

With the California draft MCL of 10 µg/L for Chromium (IV) projected to be promulgated in 
2017, there is a potential that the national EPA will promulgate similar national regulations 
in the next 10 to 15 years. With a proposed future combined well field capacity of 11.2 mgd, 
the City may have to alter its long-term water supply scenario if some or all of these wells 
are unable to continue service due to future Chromium (IV) regulations. If this is the case, 
the City has the following options: 

 Modify the wells to satisfy the regulatory requirements (see Section 3.5.4.6 for 
potential options) 

 Accelerate the implementation of Indirect Potable Reuse (IPR) for incorporation of 
treated effluent from the Coffee Creek Wastewater Treatment Plant into Arcadia 
Lake. 

 Abandon wells and supplement with Oklahoma City supply through the Northwest 
Complex.  
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Given the large number of unknowns (if/when regulations are to be promulgated, proposed 
MCL of Chromium (VI), levels in future/existing wells) surrounding the promulgation of 
future Chromium (VI) regulations and the ability to implement Indirect Potable Reuse (i.e. 
no current regulatory framework, impact of augmentation on water quality and treatment), 
the following is recommended: 

 Conduct a study to determine the potential additional yields and water quality within 
Arcadia Lake utilizing a computerized Water Availability Model (WAM) from an 
Indirect Potable Reuse (IPR) project. 

– Trigger: Peak Day demands within 7.5 mgd of total peak day supply or 
80 percent of peak day supply from Arcadia Lake and wells OR USEPA 
publishes draft MCL of Chromium (IV) MCL. 

– Trigger; ODEQ/OWRB develop formal regulations permitting Indirect Potable 
reuse.  

 Conduct sampling/monitoring of all active wells for Chromium (IV) and conduct study 
to determine the potential treatment/blending methods to retain water supply. 

– Trigger: 2017 or USEPA publishes draft MCL for Chromium (IV). 

Each of these studies should include detailed impact costs to the system to incorporate 
these water supplies or retain these supplies as part of the water supply scenario. These 
costs should be compared to the costs outlined in the 50-year water supply plan 
(CDM: 2012) for additional water supply sources such as Level II conservation, stormwater 
beneficial reuse or other supplier to select those sources that provided the best value 
moving forward. 

3.5.7.3 Ultimate Demands 

Together with the proposed future combined well field capacity of 11.2 mgd, with the 
Arcadia Lake supply and Water Treatment Plant maximized to provide an average annual 
and peak day capacity of 17.8 mgd/ and 40 mgd, respectively, the City will have sufficient 
peak day supply capacity than the 2042 projected peak day demand of 51.2 mgd. Utilizing 
the projected land use maps and industry accepted standards for various user classes, an 
ultimate peak day demand of 62.5 mgd was determined. To supply the additional 11.3 mgd 
peak day demands, the City can decide to: 

 Implement Indirect Potable Reuse and provide an additional 11.3 mgd treatment train 
at the Arcadia Lake WTP. 

 Maintain the Arcadia Lake WTP at a peak capacity of 40 mgd and purchase the 
remaining peak day supply 11.3 mgd from Oklahoma City. 

Since it typically takes a significant amount of time (10 years) to implement an IPR project, 
it is recommended that the city begin the study process around year 2030 or when peak 
day demands are within 7.5 mgd of total peak day supply or 80 percent of peak day supply 
from Arcadia Lake and wells. 
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3.5.8 Water Supply and Treatment Recommended Capital Improvements 
Program (CIP) 

The detailed Capital Improvements Program (CIP) for the water supply and treatment 
system as recommended in this section is presented in Section 7 of this document. 
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Chapter 4 

WATER DISTRIBUTION SYSTEM 

4.1 INTRODUCTION 

This section presents the results of the water distribution system assessment for the City of 
Edmond (City) Water and Wastewater System Master Plan (WWSMP). This distribution 
system assessment analyzes the pumping systems, storage facilities, transmission mains 
(age and material), hydraulic conditions, and water age (water quality and disinfection by-
products). To identify hydraulic improvements and to perform the water quality analysis, the 
assessment employs hydraulic modeling software.  

A recommended capital improvement plan is provided to address the various improvements 
required to meet the projected demands, provide adequate flow for fire-fighting equipment, 
and maintain the system in compliance with all current and future Oklahoma Department of 
Environmental Quality (ODEQ) water quality regulations pertaining to water distribution 
systems.  

The study area for this investigation and report is shown on Figure 4.1. The various 
components of the study area have been delineated by the City’s Planning Department. 
These components are described below: 

 Existing Service Limits: Water service area as of 2012. 

 Study Area Limits: The anticipated extent of the ultimate growth area as established 
by the City Planning Department. 

4.2 STUDY AREA OVERVIEW 

The current water utility service area is approximately 80 square miles, supplying over 
80,000 residential, commercial, and industrial customers. The system includes over 501 
miles of transmission and distribution mains varying in diameter and material type, eight (8) 
booster pump stations, five (5) ground storage tanks and six (6) elevated storage tanks . As 
indicated on Figure 4.1, finished water is provided to customers on one main pressure 
plane. Elevations in the service area range from about 964 feet to about 1,226 feet. As land 
development progresses northeasterly in the water system, elevations do not necessitate 
the development of a new booster zone. 

Current average daily water use within the City’s service area is about 12 million gallons per 
day (mgd). The customer billing database reveals important trends about how and where 
water is used in the service area. The customers in the service area are nearly all 
residential.
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4.3 OBJECTIVES 

The objectives of this water system analysis include addressing the following elements: 

 Distribution system evaluation 

 Distribution system water quality examination 

4.3.1 Distribution System Hydraulic Evaluation 

The purpose of the distribution system hydraulic analysis is to evaluate the adequacy of the 
existing system, and to identify system improvements required to meet projected water 
demands. The principal elements of the hydraulic evaluation include the following: 

 Develop an all pipes model of the City’s water distribution system in InfoWater 3.0 
(Innovyze) hydraulic analysis software, and expand the capabilities of the model to 
include EPS for water quality analysis. 

 Establish the locations of existing demands using GIS and customer billing 
information. 

 Evaluate the ability of the City's water system to meet current and future water needs 
and identify problem areas and deficiencies. Identify needed additions and 
improvements to the water system in areas of new growth and development. 

 Develop solutions in the form of recommended improvements to the water system, 
including cost estimates, both capital and O&M. 

 Prepare a capital improvement plan that prioritizes and schedules recommended 
improvements and expenditures. 

4.3.2 Water Quality Analysis 

Many master planning evaluations incorporate water quality modeling of the distribution 
system. Water quality modeling can encompass a number of areas, including evaluating 
overall water age within the distribution system, principally driven by reservoir detention 
times, persistence of disinfectant (e.g., chlorine or chloramines) residuals, or evaluation of 
source blends, when customers receive different sources of supply with different water 
quality characteristics. 

Water quality problems, such as loss of disinfectant residual, or disinfection by product 
formation potential are dependent on a number of factors, such as system infrastructure, 
water chemistry, water age, and water temperature. However, water age plays a significant 
role and provides a general indicator of the potential for water quality problems. Often, 
water age modeling is used as a substitute for chlorine or chloramines modeling, since it is 
difficult to collect the data required to evaluate chlorine or chloramines interactions with the 
distribution system. 
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For this master planning effort, both water age and source blends were evaluated. 

4.3.2.1 Water Age 

As noted above, water age can be a general indicator for other water quality problems, 
such as loss of disinfectant residual, or potential for nitrification. Therefore, water age is 
used for screening purposes, to indicate reservoirs with higher potential for water quality 
problems, based on higher water age. The hydraulic model calculates average water age, 
assuming that reservoirs are completely mixed. 

Since water age is considered only a general indicator of potential water quality problems, 
Carollo recommends that the City take into account operational experience in prioritizing 
and implementing water quality improvements to improve reservoir turnover and reduce 
water age. 

4.3.2.2 Source Blends 

The City has a general goal of serving water of similar quality to all customers. The purpose 
of this evaluation was to determine effectiveness of blending well water and treated surface 
from Arcadia Lake WTP within the dedicated transmission mains prior to entering the 
distribution system. The results of the well water quality analyses indicate that TOC levels 
in the well water are lower than the treated surface water. Well water blending was 
therefore considered as a means to improve water quality given that a reduction in TOC 
levels in the blended water may result in lower rates of THM formation within the distribution 
system. 

In addition, blending of well water with the Arcadia Lake WTP treated water may also be 
beneficial in reducing the concentrations of regulated constituents such as heavy metals, 
arsenic, and radio nucleotides within the well water prior to entering the distribution system. 
This may be particularly important for Chromium (IV) as this may soon be a regulated 
constituent (See Section 3). 

4.3.3 Evaluation Process 

Consistent with previous City evaluations, this analysis focuses on the infrastructure needs 
of the City’s water distribution system over the next several years, i.e. years 2012 through 
2042. Analysis of demand conditions at buildout, which is estimated to occur beyond 2060 
was also performed. The Study Area illustrated on Figure 4.1 above includes both City’s 
existing water utility service area and adjacent areas where future development is expected 
to occur between now and buildout. The process used to establish the infrastructure needs 
is summarized on Figure 4.2. 
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4.4 EXISTING WATER SYSTEM 

This section describes essential features of the City’s existing water system; including 
supply and treatment, distribution, storage, and pumping facilities. The major water 
distribution system facilities, elevations, and storage tanks are depicted schematically on 
Figure 4.3. A general location map of the major water system facilities is provided on 
Figure 4.1 above 

4.4.1 Supply and Treatment 

As described in Section 3, The City obtains the majority of its water from Arcadia Lake and 
56 wells in the Garber-Wellington bedrock aquifer formation located within the City Limits. 
The City’s local water supplies can also be supplemented by treated water purchased from 
the City of Oklahoma City. 

Over the last decade, Arcadia Lake has been used to meet about half the City’s demands 
and local groundwater wells have generally supplied the other half. The volumes of water 
purchased from Oklahoma City have been minimal, and are often utilized only in years with 
exceptionally high demand or low supply (e.g., 2001, 2003, and 2006). 

As discussed in Section 3, the recommended future water supply scenario involves the 
maximum use of local water supplies through expansion of the Arcadia Lake WTP to satisfy 
a greater portion of the peak and average day water demands, the addition of 15 new water 
wells connected to the existing and future dedicated transmission mains to improve water 
quality prior to entering the distribution system, and to maintain production of the existing 58 
water wells throughout the distribution system. 

4.4.2 System Storage 

Storage tanks are used to 1) optimize any in-system treatment or chemical feed process 
enabling a constant rate of treatment; 2) handle changes in water use during the day 
beyond the normal pumping capacity; as well as 3) serve as emergency sources of supply 
to maintain adequate pressure in the system during fires or distribution problems. In 
general, the available equalization storage within each storage tank is defined as the 
portion of the total volume that lies within the normal operating range of the tank. 

Elevated and ground level storage tanks installed in the City’s distribution system are listed 
in Table 4.1. The elevated tanks are designed to float on the system pressure and draft up 
and down without the need for pumping facilities. The elevated storage tanks in the system 
vary from 0.5 to 1.5 MG and include the I-35 (2 tanks), College, Danforth, Post Rd., and 
33rd Street Tanks.  
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The ground storage tanks are located in lower areas of the system where water from these 
tanks do not draft by gravity. In these cases, pump stations are required to boost pressure 
and draft from the tanks. The ground storage tanks in the system that fall into this category 
are the I-35, Northwest, Danforth, College, and I-35 tanks.  

The two 4 MG Arcadia Lake WTP clearwells are necessary for operational flexibility in the 
treatment process and to obtain disinfection credits and can not be included as distribution 
system storage..Therefore, the total combined storage capacity of the City’s system, 
available for distribution system equalization and for distribution emergencies, is 18.2 
million gallons (MG). Existing storage facilities are described below: 
 

Table 4.1 Summary of Water Storage 
Edmond Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Facility Type 

Total 
Volume 

(MG) 

Overflow 
Elevation(2) 

(ft) Depth (ft) 
Operating 
Range (ft) 

I-35 Complex Elevated/Ground 2.0 1,336.0 30 30 

33rd Street Elevated/Ground 2.5 1,336.7 30 30 

Arcadia Lake 
WTP(1) 

Ground 7.2 990.0 15 15 

Post Road Elevated 0.5 1,240 30 30 

Danforth Elevated/Ground 2.5 1,336 30 30 

College Complex Elevated/Ground 2.5 1,318 30 30 

Northwest 
Complex 

Ground 2.0 1,216 22 20 

Notes: 

(1) The Arcadia Lake WTP is necessary for finished water treatment and therefore 10 percent is 
unavailable for use in distribution system equalization or emergencies. 

(2) Overflow elevation refers to highest tank. 
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I-35 Complex – 
This storage 
system is located 
east of I-35 just 
north of Woods & 
Son and I-35 
Service Road 
intersection. 
There are two 
0.5-MG elevated 
tanks that serve 

as the control point for high service pumping in the distribution system. There is also 1 MG 
of ground storage tank. Treated water from Arcadia Lake WTP is pumped through a 24-inch 
transmission to these tanks. 

Arcadia Lake WTP – There are two ground storage tanks located at this water treatment 
plant. The total capacity of these tanks is 8 million gallons (MG). They are and used to 
provide distribution storage, adequate disinfectant contact time, to ease treatment 
variations at the plant, and for base load pumping from this plant. 

For the purposes of available storage 
calculations, it is assumed that approximately 
85 percent of the available storage in the 
clearwells (6.8 MG) at the water plant will be 
utilized for both flow equalization for the water 
plant and storage for the distribution system. 
The remaining 1.2 MG of storage is required 
to provide sufficient contact time to satisfy 
disinfection requirements up to the current firm 
capacity of the high service pump station (16 
mgd). As indicated in Section 3, these 
clearwells will be baffled to reduce the water 
age and limit the formation of disinfection 
byproducts. Subsequent expansions of the water treatment plant will include a separate 
dual-chambered contact basin for disinfection (see Chapter 3). 
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Danforth Complex – This storage system is 
located southeast of the intersection of 
Danforth Road and Earl A Rodkey Dr. There 
are two tanks: a 0.5 MG elevated tank, and a 
2 MG ground storage tank. The total storage 
at this complex available to the distribution 
system is about 2.5 MG. The overflow 
elevation of the elevated tank is 
approximately 1,336 feet. These tanks help 
supply water and maintain adequate 
pressures in the Danforth/Earl A Rodkey area 
of the City. 

 

33rd Street – These storage tanks are located 
at 33rd Street and south Broadway 
intersection. The two tanks at this complex 
were erected in 1973. They have a total 
storage capacity of 2.5 MG. The ground 
storage tank has a capacity of about 2 MG. 
The overflow elevation of the 0.5 MG elevated 
tank is about 1,337 feet. These tanks help 
supply water and maintain adequate pressures 
in the areas around 33rd Street and west of 
I-35. 

Northwest Complex – This storage tank is 
located northeast of Coffee Road and 
Boulevard. The total capacity of this ground 

storage tank is about 2 MG. Current the tank 
receives treated water from Oklahoma City 
through a 30-inch transmission main. The tank 
also receives treated water from Arcadia Lake 
WTP via the I-35 Complex storage and pumping 
system. The tank supplies water to the southwest 
part of the distribution system via the Northwest 
Complex Pump Station. This complex storage 
system helps main pressures in this part of the 
distribution system. 
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College Complex – The storage system is 
located southeast of Ayers Street and 
Baumann Avenue. There are two tanks: a 
0.5 MG elevated tank, and a 2 MG ground 
storage tank. The total storage at this 
complex available to the distribution system 
is about 2.5 MG. The overflow elevation of 
the elevated tank is approximately 1,318 feet. 
These tanks help supply water and maintain 
adequate pressures in the central part of the 
City. 
 
 

 

Post Road – This is a 0.5 MG elevated tank. 
This tank is located northwest of Post Road 
and Chitwood Farm Road intersection. The 
tank receives treated water from the Arcadia 
Lake WTP through a 24-inch transmission 
main.  

4.4.3 System Operation  

Responsibility for plant production and 
distribution system pressure maintenance 
resides at the Arcadia Lake WTP. Based 
upon the expected system demands, staff at the Edmond WTP determines plant and well 
production rates based upon maintaining a 50/50 balance between the well and plant 
production. Distribution system wells are turned on/off based upon well operation duration 
and location to manage well drawdown and production rates. 

All of the water from the Arcadia Lake WTP enters the western portion of the distribution 
system through the I-35 complex at the existing ground storage tank. A telemetry based 
SCADA monitoring system provides distribution system information relative to ground and 
elevated storage tank levels at the Arcadia Lake WTP control room. The elevation in the 
I-35 and post road storage tanks are utilized to control the rate of pumping at the Arcadia 
Lake WTP.  

Once the Arcadia Lake WTP finished water enters the I-35 complex, Pumps No. 1 through 
No. 4 pumps at the I-35 into the distribution system and are controlled based upon water 
elevation in the I-35 elevated tank. Pumps No. 5 and No. 6 are designed to pump water 
from the I-35 complex through a dedicated transmission main to the NW complex and are 
normally controlled by the ground storage tank levels at the NW complex. Currently, the 
plant has installed a check valve at the pump station and operate these I-35 pumps to 
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maintain a pressure at the station discharge header essentially bypassing the ground tank 
and booster pumps. The 2nd street booster pump station operates to fill the ground storage 
tank at the college complex from the I-35 system. The remaining booster stations operate 
based upon the elevated tank levels associated with each of the sites. 

Currently, there are eight pumping facilities in the City’s distribution system. In all, there are 
24 pumps with combined firm capacity of 76.5 mgd. The I-35 Complex Pump Station is the 
largest with firm capacity of 21.6 mgd. Table 4.2 lists the water system pumps facilities 
within the City water distribution system. 
 

Table 4.2 Summary of Pump Stations 
Edmond Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Pump Station No. of Pumps 
Total Capacity 

(mgd) 
Firm Capacity 

(mgd) 

I-35 Complex 6 30.4 21.6 

Northwest Complex 4 23 15.8 

College Complex 3 21 14.0 

Danforth 3 9.5 5.2 

33rd Street 2 4.3 2.2 

2nd Street 3 8.6 6.5 

Post Road 1 7 0 

WTP 4 23.9 16 

Total 24 122.5 76.5 

4.4.4 Distribution System 

The distribution system is composed of over 500 miles of mains, over 4,529 fire hydrants, 
and over 28,257 services installed throughout the system. The water mains vary in 
diameter from 3/4-inch to 60-inches and are made primarily of cast iron, ductile iron, and 
polyvinyl chloride (PVC). Other materials such as concrete, asbestos cement, galvanized 
steel, and high density polyethylene (HDPE) are also present in the distribution system. The 
distribution system is dominated by 8-inch pipes which account for approximately 
46 percent by length of the distribution mains. Nearly 0.7 percent by length of the pipes did 
not have diameters in the GIS database. The sizes of these pipes were inferred from 
neighboring pipes. The distribution of the of pipe sizes by length is summarized on 
Figure 4.4. 

As previously discussed, finished water is provided to customers on one pressure zone. 
The majority of the large diameter pipelines (16-inch and larger) are in the lower elevation, 
distributing water throughout the zone and conveying water to the booster pump stations 
and storage tanks to feed the higher elevations. Water is distributed from the WTP to the 
distribution system by a 24-inch ductile iron main to the north and a 30-inch ductile iron 
main to the northwest originating from Oklahoma City. 
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DISTRIBUTION MAIN BY PIPE SIZES 
 

FIGURE 4.4 
 

CITY OF OKLAHOMA 
WATER AND WASTEWATER SYSTEM MASTER PLAN 
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Operating pressures vary widely throughout the distribution system; primarily because the 
system relies more on pumping to meet fluctuations in daily demands than through elevated 
storage tanks. 

4.5 WATER DISTRIBUTION SYSTEM MODELING 

A detailed analysis of the existing and future water system was performed using the 
computer program InfoWater 3.0. Multiple demand scenarios were modeled to identify 
where water system capacity is limited under both existing and future scenarios. 
Distribution system improvements were identified that increase available delivered flow and 
potentially reduce water system operating costs. This section discusses the water modeling 
in detail and the results of the desktop modeling effort. Recommendations to reinforce and 
expand the water system's distribution capability are provided herein. 

The physical characteristics of the water distribution system used in the computer model 
include ground topography, reservoir elevations, pump characteristics, and pipe diameter, 
length, and interior roughness. Historical and projected water demands are also assigned to 
the computer model. An extensive quality control checking process was undertaken to 
verify lengths, diameters, and connectivity by comparison to the GIS database, information 
from City staff and to current water system maps of the Edmond water distribution system. 

4.5.1 Network Model Development 

Mathematical modeling has been used for more than 60 years to analyze flow in water 
distribution system networks since the concept was proposed by Cross (1963). Using 
computers for conducting analysis of flow in pipe networks originated in the early 1960s and 
was greatly expanded during the ensuing decade of the 1970s, with the advent of 
enhanced solution algorithms and the implementation of modeling techniques for devices 
such as pumps and valves. In the late 1970s, single-time-period simulations were advanced 
to extended period simulation (EPS) with techniques developed by Rao and Bree (1977). 
Hydraulic models can be used to analyze systems where demand and operating conditions 
are static or is time-variable. The former type of model is a “steady-state” model, and the 
latter is referred to as an EPS model. 

Development of the water distribution model required a variety of information including pipe 
network geometry and size, pump curves, storage information and other characteristics of 
the system in addition to the design flows presented in Chapter 2. In addition to the 
necessary information concerning the physical water system configuration, certain 
assumptions were required to provide reasonable modeling results. These assumptions 
were verified through model calibration, which is the process of adjusting model inputs such 
that the predicted pressures at various points in the distribution system closely approximate 
actual field conditions. 
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4.5.1.1 Modeling Software 

InfoWater, developed and distributed by Innovyze Inc., was used for the analysis of the 
water distribution system. Details of the analytical methods employed are provided in the 
software documentation. In general, the modeling software utilized uses a matrix solution 
method to solve Hazen-Williams piping network equations. The hydraulic computational 
engine of the software iterates multiple solutions until a balance of energy and conservation 
of mass are achieved. 

The InfoWater program has a graphical interface for easy data entry and review of results. 
In terms of data entry, pipes can either be imported from a spreadsheet or GIS file or can 
be drawn directly into the system using the cursor. As an aid to drafting and presentation, a 
GIS (.shp) file can be imported into InfoWater to act a background for the pipe network. 
Annotations can be added in the model environment such as street names or other system 
information shown schematically by using squares, triangles, and other shapes. 

Analysis tools include the graphical ability to color-code the piping network according to 
variables such as pipe diameter, headloss gradient, open/closed pipe status, headloss, flow 
velocity, flow rate, etc. Nodes can be color-coded based on pressure, elevation, flow or a 
number of other parameters. Contour maps of the system can be generated to graphically 
show system pressure, elevation, or hydraulic grade line. This flexibility and wide variety of 
tools can be used to quickly assess the water distribution system. 

4.5.1.2 System Geometry and Setup 

The geometry of the distribution system, including the layout, diameter of pipes and 
connectivity of the system is the foundation of the model. The City provided this information 
in the form of a GIS file, which graphically showed the distribution system with true 
distances. The water system GIS information was supplemented by using water utility 
location maps and other available record drawings maintained in the City's files. Once the 
physical information was entered into the software model, a map of the system, with the 
pipes color-coded based upon pipe diameter, was presented to the City for their review, 
correction and concurrence. The City provided two foot contours maps and were used to 
set pipe junction or node elevations. Components of the existing distribution system model 
are displayed on Figure 4.4. Sources for the data and model parameter values listed in 
Table 4.3 are described below. 

4.5.1.2.1 Junction Data 

InfoWater identifies junctions (or nodes) as the beginning and ending points associated with 
each pipe or pipe segment in the model network. Each junction is assigned an alpha-
numeric identification label, an elevation, a demand (or consumption) value, and a demand 
pattern number. The model of the 2012 water-distribution system has 10,816 junctions or 
nodes. The nodal values of elevation of the existing model were verified by relating the geo-
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spatial locations of the pipe junctions to elevation data derived from the City’s contour data 
using GIS software 
 

Table 4.3 Sources for Data and Model Parameter Values 
Edmond Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Model 
Parameter 

Source for Model 
Parameter 

Modified 
During 

Calibration Comment 

Physical Data 

Network and 
pipeline 
geometry 

Electronic data files from 
the City of Edmond 

No Network pipelines range from 4 
inches to 42 inches in diameter 

Telogger 
locations 

Electronic data files from 
the City of Edmond 

No  

Hydraulic Data 

Pressure data 
from teloggers 

Electronic data files from 
the City of Edmond 

No 15-minute sampling data 
averaged to hourly values for 
model simulations 

Ground and 
elevated 
storage tank 
water levels 

Edmond SCADA output 
to data file 

No 15-minute output; value for 
each hour used for model 
simulations 

High service 
and booster 
pump flows 

Edmond SCADA output 
to data file 

No 15-minute output; average 
value over each hour used for 
model simulations 

Model Data 

Pipe roughness 
("C-factor") 

Existing model Yes Initial values extracted from 
literature 

Pump rating 
curves 

Based on manufacturer’s 
curve 

No Assumed pumps still run on 
manufactures curve  

System demand 
factors 

Edmond SCADA 
production data output to 
computer screen 

Yes Factors derived from 
instantaneous production data 
recorded by City staff. 

Base nodal 
demand 

Edmond metered 
consumption data 

No Monthly data for 2010 and 
2011 by meter location; 
address matched to model 
node location 

Demand or consumption was assigned to the existing model nodes based on data provided 
by the City. Metered consumption data were available for the area serviced by the City 
solely on a monthly basis. Thus, each meter is read about twelve times per year; however, 
not all meters are read at the same time or even within a few days of each other. Nodal 
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demand allocation is discussed later in this section. The last parameter associated with 
junction data is the demand pattern. With this parameter, InfoWater has the ability to modify 
the nodal demand data based on the demand pattern. For example, if the water utility 
serviced residential, commercial, and industrial users, each group of water users might 
have a different diurnal demand pattern and therefore, nodal demand data would need to 
be modified depending on the type of use. This is accomplished in InfoWater by assigning a 
demand pattern number to each junction. 

4.5.1.2.2 Water Treatment Plant Layout 

The WTP configuration and layout, which houses 4 of the 24 system pumps present in the 
distribution system, was based on City-provided construction drawings. Drawing information 
was supplemented through discussions with WTP staff. Critical pumping station and 
storage facility elevations were extracted from the treatment plant drawings and GIS 
database. The clearwells, also known as below ground storage tanks, were included in the 
distribution system network. The clearwell hydraulic grade line or water surface elevation 
was set at a constant elevation of 1,011 feet in the model analysis. This elevation was 
based on plan information and recorded field data. 

4.5.1.2.3 Tank Geometry and Initial Water-Level data 

Ground-level and elevated storage tanks are associated with model junctions in InfoWater. 
Thirteen storage tanks, six elevated and seven ground, are installed throughout the 
distribution system. Maximum, initial, minimum, and base elevations, as weII as tank 
diameter, shape, and volume, were used to define tank operating characteristics. For this 
study, all ground storage tanks were modeled as having cylindrical geometries. The 
elevated tanks were modeled with storage-depth relationship. The initial water level for 
each tank was determined from data collected by City staff monitoring the water utility's 
SCADA system. For the ground-level storage tanks, the elevation of the bottom of the tank 
was determined from the City’s contour data. For the elevated storage tanks, the elevation 
of the bottom of the tank was obtained from data supplied by the City. 

For the maximum day demand calibration condition, the initial tank level was set to the 
actual initial tank level, obtained from record data provided by the City, occurring on the 
peak calibration day. For the EPS modeling approach, the tanks were allowed to float and 
respond to pump flows and demands. 

4.5.1.2.4 Groundwater Wells 

All of the existing 56 groundwater wells in the distribution system are represented in the 
model. The data used to model the wells were extracted from as-built drawing and GIS 
database. The wells were modeled as constant head reservoirs. This approach avoids the 
need for detailed information such as pump curves and drawdown at each well location. 
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4.5.1.2.5 Pipeline Data 

Data pertaining to the pipeline characteristics constituting the distribution system network 
were retrieved from electronic computer-aided-design files supplied by the water utility. 
Parameters required by InfoWater to describe pipes include a pipe identification label, 
starting and ending node labels, length, diameter, roughness coefficient, and the status of 
the pipe (open or closed). The model network consists of 12,094 pipe segments or links. 

4.5.1.2.6 Pipe Friction Coefficient (C-value) 

The pipe friction coefficient, “C” value in the Hazen-Williams empirical equation for pipe 
flow, is an index of pipe hydraulic capacity. The “C” value is dependent upon a number of 
factors including pipe material, type of lining, pipe age, cross-sectional area, amount of 
tuberculation, and thickness of calcium carbonate deposits. High “C” values represent 
smoother interior surfaces. The model assigned C factors based upon the age of the 
distribution system piping and adjusted to fit the calibration data. The typical “C” value for a 
new cement-lined ductile iron pipe is about 130, and for a 20-year old pipe, it is about 100. 
Prior to the 1960s, mains were generally not lined with cement mortar, typically resulting in 
greater tuberculation and lower “C” values. 

4.5.1.2.7 Pump Data 

Booster pumps are used in water-distribution systems to raise the hydraulic head of water 
and increase the pressure in certain portions of a system. In InfoWater, pumps are modeled 
as nodes. Each pump in the model is identified by a numeric identification label and a head-
discharge or pump- characteristic curve. The pump-characteristic curve describes the 
relationship between the hydraulic head imparted to the fluid (water) as a function of the 
flow rate of the fluid through the pump. Pump curves were obtained from the City. Multiple 
points were used to define a pump's operational performance under various conditions, 
including pump output at the shutoff pressure (that discharge pressure at which a pump 
produces zero flow), the design pressure and the maximum pump output. A total of 
24 pumps are installed in the distribution system and are included in the model. The pumps 
are housed in eight different pumping stations; one station is located at the water treatment 
plant and seven booster stations are located out in the distribution system. 

4.5.1.2.8 Pump Control Data 

To control the on/off cycling of booster pumps, InfoWater uses pump control data. These 
data include a pump identification label, the type of control (time or level), the pump setting 
(open or closed), and the control setting (time or tank water level). When a "time" control is 
used, pumps are cycled on and off using the time of day as the controlling criterion. When a 
"level" control is used, pumps are cycled on and off using storage tank water-level as the 
criterion. The City staff used a time-of-day control setting (rather than a tank water-level 
control setting) to cycle booster pumps on and off. 
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4.5.1.2.9 Pattern Data 

A diurnal curve represents the variation of demands in the distribution system over a 
24-hour period. The diurnal curve is used in the water system analysis to determine proper 
operation of the tanks and, in the case of Edmond, a benchmark for pump cost evaluation. 
For proper operation of the tanks, the diurnal curve is applied to the maximum day demand, 
which simulates the maximum demand for a 24-hour period in any given year (see below). 
While there will be some fluctuation in the tanks during the high use hours, there should be 
adequate pump capacity to fill the tanks in the 24 hour period. 

InfoWater allows for varying of demand values by using a demand pattern number. Pattern 
data or diurnal curve is entered into InfoWater by specifying an alpha-numeric pattern 
identification label, and then supplying factors by which the nodal demand value is to be 
multiplied. The 24 hourly demand factors for water consumption used in the simulations are 
presented graphically in Figure 4.5. These factors, when multiplied by the nodal 
consumption, represent the diurnal demand that occurred during the time of the day. The 
24 hourly demand factors were derived from the City’s SCADA system demand data 
recorded by City staff. The demand factors were obtained by using the demand data 
recorded by City staff averaged over a period of one hour and dividing the values by the 
average demand. 

4.5.1.2.10 Time Parameter Data 

InfoWater assumes that consumption values, supply rates, and concentrations at source 
nodes remain constant over a fixed period of time. However, these parameter values can 
change from one time period to another. To conduct an extended period hydraulic 
simulation, InfoWater requires three time parameters: (1) the duration of the simulation, 
(2) the hydraulic time-step size, and (3) the pattern time-step size. For this study, the 
duration of the simulation was set equal to 24 hours. The hydraulic and pattern time-step 
sizes were set equal to 1 hour, which is the default time-step size used by InfoWater. 

4.5.1.2.11 System Demands 

Carollo developed demand projections for the City through buildout. The City is currently 
about 65 percent built out, with full buildout anticipated after 2060. Current average daily 
water demand is 12.6 mgd. Anticipated buildout average daily water demand is 29.1 mgd. 
Chapter 2 of this report discusses the demand estimation and projection methodologies. 

The City’s GIS and water customer billing database were used to establish locations of 
existing water demand. Water demand projections for buildout conditions were developed 
using detailed planning information for future development along with historic water demand 
information by customer class to establish usage for future development. 
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DIURNAL CURVE FOR DISTRIBUTION SYSTEM ANALYSIS 
 

FIGURE 4.5 
 

CITY OF OKLAHOMA 
WATER AND WASTEWATER SYSTEM MASTER PLAN 
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4.5.1.3 Unaccounted-for Water 

Due to distribution system losses, meter error, or billing cycle versus calendar year 
differences, the volume of water accounted for by the City’s billing database is smaller than 
actual annual production. Generally, unaccounted-for water for many utilities ranges 
between 5 percent and 14 percent. Based upon experience with similar utilities, a loss ratio 
of 8.5 percent was used in the WWSMP evaluation. 

4.5.1.4 Allocation of Demands to the Hydraulic Model 

Demand allocation to the hydraulic model was performed using the following information 
provided by the City: 

 Water customer billing database for calendar year 2011, listing demands by 
Assessor’s Parcel Number (APN) and water meter type (single-family residential, 
multi-family, commercial, etc.) 

 GIS database of City parcels, including APN. 

The process of creating the spatial distribution of water demands for the hydraulic model of 
the City distribution system included the following procedures: 

 Excluding nodes from the demand allocation process for locations where there are no 
customer service connections. Such locations include nodes at high elevations near 
reservoirs and nodes at the suction and discharge side of pump stations. 

 Matching each customer billing record with its corresponding parcel in the GIS parcel 
database. Some billing records correspond to multiple parcels. 

 Establishing the “center” of each parcel using a GIS routine to find polygon centroids. 

 Using a GIS routine to match the geographic center of each parcel with the nearest 
modeled node. Each parcel was matched with only one node, but each node could be 
matched with multiple parcels. 

 Manually checking the results of the GIS parcel-node matching routine to enforce 
service area boundary. 

 Calculating demands by node, by summing up the billing records associated with all 
the parcels nearest each node. 

The actual sum of demands from the billing record database was 12.8 mgd. About one 
percent of the billing records could not be matched with specific parcels in the GIS parcel 
database and were consequently not assigned. As a result, the allocated average day 
demands totaled 12.8 mgd. Billing record demands were increased by 8.5 percent to 
account for distribution system losses. Applying these factors resulted in an average model 
demand of 13.9 mgd. 
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4.5.1.5 Model Calibration and Verification 

Model calibration entails adjusting model parameter values until an acceptable match is 
achieved between measured data and model-simulated values (i.e., pressures at the 
hydrants, water levels in the storage tanks, flows from booster pumps, and pumpage from 
groundwater wells). There are two modes of operation of a distribution system model, 
steady-state and EPS. Whereas, steady state analysis is frequently used for some 
hydraulic analysis (master planning, fire flow requirements), EPS is essential for any 
meaningful water quality analysis. A key part of this modeling effort is the capability to trace 
the impacts of a contaminant in a distribution system. There are many existing software 
programs that perform the technical task of modeling water quality in a distribution system 
including the InfoWater model that is being used as part of the present project. 

4.5.1.5.1 Field Data Collection 

In order to calibrate the hydraulic model, ten pressure loggers were strategically installed in 
the distribution to collect representative data for this purpose. The loggers collected data of 
the distribution system from July to August. Figure 4.6 displays the locations of the pressure 
loggers. 

The significant amount of data was collected to enable significant data modeling to be 
performed. The statistical modeling was performed to understanding the distribution system 
and to aid in the model calibration effort. The results of the statistical analysis are on 
Figure 4.7. 

4.5.1.5.2 Steady State Calibration 

The maximum hour demand that occurred between 7:00 am and 8:00 am on July 12, 2012 
was selected for steady state calibration of the water distribution system computer model. 

The historical peaking factor was determined for the calibration hour. The peaking factor 
was then applied (in the demand allocation spreadsheet) to the base year allocation to 
achieve the calibration maximum hour condition. The model was run with the allocated 
demands and peaking factors. 

The model was calibrated to the field data primarily by correcting errors within the pipeline 
network and adjusting C-values and minor loss coefficients for pump station piping. 
Modeling parameters, such as the existing model C-values and pump station minor loss 
coefficients, were adjusted manually. With the use InfoWater Calibrator software, C-values 
were refined. 
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SUMMARY OF STATISTICAL ANALYSIS OF PRESSURE DATA 
 

FIGURE 4.7 
 

CITY OF EDMOND, OKLAHOMA 
WATER AND WASTEWATER SYSTEM MASTER PLAN 
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The InfoWater calibrator uses generic algorithm to explicitly calculate optimal pipe 
roughness coefficient (C-value) from field data input into the model. Calibration with 
InfoWater Calibrator requires the assignment of each model distribution system pipe into a 
limited number of pipe groups. Pipes near the water treatment plants, pump stations, and 
storage facilities were not evaluated with the Calibrator software. Six pipe groups were 
developed, in accordance with pipe age and diameter. The results from the Calibrator 
software for each pipe group are provided in Table 4.4. 

Discussions with City staff indicated that the network pipes were believed to be relatively 
clean, and inspections had shown very little debris. Therefore, initial estimates for "C-
factor," obtained from the original model in Table 4.4, were not significantly varied during 
the calibration process. A sensitivity analysis, subsequent to model calibration, confirms 
that for this distribution system, variation in "C-factor" has little influence on system 
pressures and flow directions. 

Within Table 4.4, the older pipe is defined generally as located east of Broadway between 
Second Street and Danforth, and pipe installed prior to 1955. The newest areas, defined by 
Pipe Groups 5 and 6, are located in the following general areas: 

 Covell and Sorghum Mill 

 Coltrane and I-35 

 East of Broadway between 15th Street and Kelly 

 East of Kelly between Second Street and Danforth 

 Along Bryant and north of 33rd Street 
 

Table 4.4 C Factor 
Edmond Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Group Location C-Factor 

1 South Danforth and north of Second Street and Bryant 105 

2 East of Broadway between 15th and Second Street 108 

3 South of 15th Street between Bryant and Broadway 116 

4 South of Second Street and east of Broadway 118 

5 Coltrane and I-35 120 

6 Covell and Sorghum Mill 125 

The steady state calibration summary results are provided in Table 4.5. The details and 
results of the calibration analysis are also provided in the Appendix F. Table 4.5 shows a 
reasonable agreement between model results and measured data. 
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Table 4.5 Summary of Steady State Calibration Results 
Edmond Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Pressure 
Logger Location 

Pressure (psi) Absolute 
Pressure 

Difference 
(psi) Model Observed 

34040 Kelly and Sorghum Mill 69.8 74.5 4.7 

36286 Kelly and Covell 62.2 67.6 5.4 

36854 Broadway and Danforth 47.9 50.1 2.2 

32461 Second and Santa Fe 89.3 88.5 1.3 

105121 Second and Broadway 53.3 48.7 4.6 

35061 33rd and Broadway 62.5 59.4 3.1 

38830 15th and Coltrane 91.4 92.3 0.9 

3900 I-35 and 33rd 103.8 106.4 2.6 

38115 I-35 and Danforth 93.2 89.5 3.7 

38167 Coltrane and Covell 76.7 79.8 3.1 

4.5.1.5.3 Extended Period Simulation (EPS) 

There are two primary reasons why EPS is necessary when performing water quality 
modeling: 

1. Unlike pressure waves that move quickly (almost instantaneously) through a network, 
water quality moves through the system at the velocity of the flow. Therefore, since 
typical velocities in a system range from about 0.1 to 10 feet per second (ft/sec), it 
can take many hours or even days for a water quality constituent to move from a 
treatment plant through the entire network. This is further complicated by the 
presence of tanks that typically have detention times of 1 to 5 days (and in extreme 
cases up to about 60 days). This lengthens the travel time through the distribution 
system. 

2. Distribution systems do not operate in steady state conditions. Demands vary 
considerably over the course of a day; tanks drain and fill; pumps go on and off; 
valves open and close. Steady state models are frequently used for hydraulic 
analysis to look at extreme or representative conditions (e.g., max day or peak hour). 
However, for water quality simulation, the steady-state condition is not representative 
of the actual time-varying situation found in distribution systems. 

Because of the reasons outlined above, in order to use the model for tracing water quality 
contaminants, it is necessary to convert the steady model to EPS. The approach used to 
develop an EPS capability for the City hydraulic model is outlined below. 
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 Identify and include in the model any significant capital improvements that will be in 
place prior to 2013. 

 Estimate typical daily demands and temporal demand patterns expected during 
winter. Though current records for winter conditions will form the initial basis for 
demand estimation, it is likely that increased demands and possibly some shifts in 
demand patterns will occur during future years. 

 Identify the rules that govern the operation of the system during winter conditions and 
represent these rules in the model. In most cases, operations of various components 
(pumps, valves, etc.) will be represented by time clocks. 

 Compare the model results to those observed data and make modifications as 
needed. This can be viewed as a form of calibration. 

The computer hydraulic model was configured to conduct EPS analysis. The EPS model 
was verified by simulating the conditions that occurred on August 18, 2012. 

The EPS model was calibrated to a 24-hour period, in 1-hour increments, to simulate 
demand and operational conditions that occurred on July 12, 2012. 

Initial estimates for the demand factors were derived from the instantaneous output of the 
City’s SCADA system. These data were recorded at random time intervals and then 
averaged over a period of one hour. These data are quite variable in times of significant 
system-demand change. Therefore, initial estimates of demand factors, based on an 
average over a period of one hour, may not have accurately reflected or have been 
representative of the system's demand. Therefore, Carollo felt justified in modifying the 
initial estimates of the demand factors. It is important to note, however, that although 
individual hourly factors were modified, the total system-wide demand for the simulation 
period was not modified during the calibration process. 

4.5.1.5.4 Calibration Criteria 

With a computer model of the water-distribution system, we are trying to reproduce the 
behavior of a "real-world" hydraulic system as closely as feasible in terms of spatial and 
temporal characteristics. The collection of field data provides an opportunity to understand 
the operation of the real system at a specified number of locations and times. Such efforts 
are consistent with the findings of the American Water Works Association Engineering 
Computer Applications Committee which indicate that "true model calibration is achieved by 
adjusting whatever parameter values need adjusting until a reasonable agreement is 
achieved between model-predicted behavior and actual field behavior" (AWWA Engineering 
Computer Applications Committee 1999). Once a model is considered to be calibrated, it 
can then be used to, among other purposes, estimate hydraulic characteristics of the real-
world system at locations where measured data are unavailable or unknown, spatially and 
temporally. 
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In the United States, definitive standards to assess the accuracy of model calibration have 
yet to be agreed upon or established. However, the following calibration criteria have been 
suggested: 

 An average pressure difference of ±2.2 pounds per square inch (psi) with a maximum 
difference of ±7.3 psi for a "good" data set, and an average pressure difference of 
±4.3 psi with a maximum difference of ±14.2 psi for a "poor" data set (Walski, 1983); 
and 

 The difference between measured and simulated values should be ±5 psi to ±10 psi 
(Cesario and Davis, 1984). 

Carollo used these criteria as general guidelines and have taken into account the 
availability and accuracy of the data for the water-distribution system serving the City. 
Therefore, Carollo selected a pressure difference at the pressure logger locations 
(difference between measured and simulated pressure) of ±5 psi to ±7.5 psi as the 
calibration criteria for the model 

The modeled operation of each facility was reviewed for reasonableness and compared 
with measured data. Adjustments or corrections to the operations control statements were 
made as necessary. The final model closely simulated actual operation and resulted in 
normal pump operations and fluctuations in reservoir levels during the day. Graphs showing 
the comparison of model results to the measured data for the day of the verification 
analysis are provided in Appendix F. Figure 4.8, Figure 4.9, and Figure 4.10 compare the 
simulated results and measured data for selected pressure loggers. The graphs show 
simulated pressures and tank levels versus recorded data for the 24-hour period. The 
graphs indicate a good correlation between the measured and modeled flows and water 
levels. 

4.5.1.5.5 Calibration Statistics 

In an effort to assess the overall quality and reliability of the model calibration, analysis 
were conducted using calibration statistics. Because measured data for July 12 2012 were 
collected in terms of pressure at the test hydrant locations, analysis of calibration statistics 
will be presented in terms of measured and simulated pressures. The calibration statistic 

used for the analysis, referred to as "mean absolute pressure difference (p)," is defined as 
the mean of the absolute value of the difference between measured pressure values and 
simulated pressure values in psi over the 24-hour duration. This calibration statistic is 
defined mathematically as: 

N

PP
p

N

i
simi 
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COMPARISON OF SIMULATED AND OBSERVED PRESSURE – 38830 
 

FIGURE 4.8 
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COMPARISON OF SIMULATED AND OBSERVED PRESSURE – 34040 
FIGURE 4.9 
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COMPARISON OF SIMULATED AND OBSERVED PRESSURE – 36854 
 

FIGURE 4.10 
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Where: 

p = mean absolute pressure difference, (psi), 

N = number of hourly measurements, 

Pmi = measured pressure at hour i, (psi), 

Psi = simulated pressure at hour i, (psi), and 

Pmi -Psi= the absolute value of pressure difference, (psi). 

A summary of the calibration statistics for pressure loggers are presented in Table 4.6. The 
table shows that the model is reasonably calibrated and can be used to evaluate the 
distribution system. 
 

Table 4.6 Calibration Statics 
Edmond Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Pressure 
Logger Location 

Mean Pressure (psi) 
Mean Absolute 
Difference (psi) Model Measured 

34040 Kelly and Sorghum Mill 83.78 82.96 2.63 

36286 Kelly and Covell 62.88 61.03 1.89 

36854 Broadway and Danforth 55.86  54.91 2.26 

32461 Second and Santa Fe 83.09 83.94 1.60 

105121 Second and Broadway 49.75 49.68 1.26 

35061 33rd and Broadway 56.88 56.82 1.59 

38830 15th and Coltrane 96.27 96.01 1.05 

3900 I-35 and 33rd 116.57 115.02 2.24 

38115 I-35 and Danforth 95.85 94.21 2.19 

38167 Coltrane and Covell 84.56 82.72 2.19 

4.6 SYSTEM PERFORMANCE CRITERIA 

This section presents the WWSMP criteria used to evaluate system performance. The 
section reviews the criteria used to size new reservoirs, pump stations, pressure reducing 
stations, and distribution pipelines. 

For the WWSMP evaluation, Carollo compiled facilities sizing criteria used by other similar 
utilities, ranging in size from 4 mgd to 50 mgd average daily demand. This information and 
data obtained from the City were used to develop criteria to be used for the master plan 
evaluation. 
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4.6.1 Reservoir Sizing 

Water system reservoir storage is typically sized based on three components: 

 Operational storage (also called equalizing or balancing storage) 

 Fire reserve storage 

 Emergency storage 

In addition, water quality considerations can factor into reservoir storage sizing. This section 
reviews each of these topics, presents a comparison of the City’s current criteria with other 
local agencies, and concludes with recommendations. 

4.6.1.1 Operational Storage 

Operational (equalization) storage is the volume of water required to meet daily fluctuations 
in demand. Providing operational storage allows supplies to be operated at a relatively 
constant rate throughout the day. With operational storage to meet peak hour needs, 
supplies are generally designed for the average flow on the maximum demand day. 

Based on the City’s diurnal curve, about 20 percent of maximum day demand would need 
to be met from storage. This figure indicates that the operational storage criterion of 
25 percent is adequate for distribution system storage requirements but somewhat 
conservative. 

4.6.1.2 Fire Reserve Storage 

Fire reserve storage is the amount of storage volume necessary to supply fire flow for the 
most critical land use within a pressure zone. The fire reserve storage is typically computed 
for each pressure zone, based on the most restrictive (highest) fire flow requirement times 
the duration for which it must be supplied. The fire reserve storage should always be 
available for fire protection to every part of the distribution system, unless pump stations 
supplying the zone have standby power. 

4.6.1.3 Emergency Storage 

Emergency storage is the volume of water required to supply the service area during 
planned or unplanned equipment outages, power outages, or loss of treatment plant 
production. The storage needs to be adequate to provide a reasonable level of 
uninterrupted service under these circumstances. Emergency use of stored water might 
occur during the following events: 

 Outage of Arcadia Lake supply 

 Electrical power outage 

 Equipment or pipeline failure 
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The City’s current emergency storage criterion is storage volume equal to 50 percent of 
maximum day demand. 

4.6.1.4 Water Quality Considerations 

Traditionally, water utilities in the industry have not incorporated water quality 
considerations into planning criteria. However, as more purveyors switch to chloramine, 
with the associated potential for nitrification, reservoir water quality is an issue receiving 
more attention. Some utilities have incorporated water quality considerations into planning. 
Typically, criteria do not include specific goals that impact sizing, but rather measures to be 
incorporated into design, such as inlet/outlet designs to promote mixing within the reservoir, 
siting of reservoirs, or pairing reservoir and pump station construction to increase reservoir 
turnover. 

In Carollo’s experience with other utilities, water quality problems are most likely to occur 
when reservoirs do not have adjacent pump stations to force turnover, or in smaller 
pressure zones, where fire flow reserves represent the majority of zone storage, and 
demand is small relative to the total storage volume. 

4.6.1.5 Recommendations for Storage Sizing 

The City’s operational and fire storage sizing criteria are consistent with other local utilities. 
The City’s emergency storage sizing component, at 50 percent of maximum day demand, is 
the same as other utilities of similar size. 

Carollo recommends maintaining the City’s current storage sizing criteria of: 

 25 percent of maximum day demand for operational storage. 

 50 percent of maximum day demand for emergency storage. 

 Fire reserves based on fire flow for the most critical land use in the zone. 

4.6.2 Pump Station Sizing 

For zones with operating storage to meet peak hour needs, pump stations are generally 
designed for the average flow on the maximum demand day, with the largest unit available 
as a standby, except where agencies implement time-of-use pumping to reduce electricity 
costs. A utility, which operates pump stations on time-of-use electric rate schedules and 
sizes pump stations to provide 150 percent of maximum day demand over a 16-hour 
period, is equivalent to pumping average maximum day demand over the course of the day. 

4.6.2.1 Recommendations for Pump Station Sizing 

Carollo recommends that the City size pump stations to meet 150 percent of maximum day 
demand with the largest unit available as a standby. 
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4.6.3 Distribution Pipelines 

Distribution pipeline criteria are typically expressed in system pressures, head loss or 
velocity considerations to be taken into account in determining deficiencies in existing 
pipelines or in sizing new pipelines. In reviewing fire flow requirements with the fire 
department, Carollo has proposed that service areas (at higher elevations, not infill), have a 
minimum service pressure requirement of 40 psi rather than 30 psi. 

Although the City has historically used only pressure-based criteria, most utilities include 
head loss and velocity considerations as well as pressure considerations. Some utilities 
consider head loss or velocity for normal operations only, without fire flows. Other utilities 
use head loss and velocity sizing criteria only for sizing new facilities. In other words, 
existing system pipelines that do not meet these criteria would not be considered deficient. 

Typically, high velocities and/or high head losses may manifest themselves in a reduction in 
pressure. However, high velocities are also a concern for water hammer. The American 
Water Works Association’s Manual M32 – “Distribution Network Analysis for Water Utilities” 
(AWWA, 1989) notes that, velocities in pipe segments are acceptable up to about 10 ft/sec. 
However, as velocities increase, pipe head losses increase exponentially and problems 
with water hammer develop. Generally, as velocities approach 5 ft/sec, pipes become 
limiting factors in delivering water at acceptable pressure to the extremities of the system.” 

Although water hammer could be a risk during a fire, with the most likely cause from rapid 
closure of a hydrant following use, requiring new facilities for this infrequent scenario was 
not deemed to be warranted. 

4.6.3.1 Recommendations for Distribution System Criteria 

The following pressure, velocity and head loss criteria were used in the WWSMP for 
pipeline sizing: 

 Use current pressure criteria of 40 psi for maximum day demands, 30 psi for peak 
hour demands, and 20 psi for maximum day demand plus fire flow for existing 
pressure zones. 

 For new development at higher elevations in existing pressure zones, use 50 psi for 
maximum day demands, 40 psi for peak hour demands and 30 psi for maximum day 
demand plus fire flow. 

 Adopt a velocity criterion of 5 feet per second, maximum velocity for non-fire flow 
conditions only for new development. 

 Adopt a head loss criterion of 10 feet per 1000 feet for non-fire flow conditions only, 
for new development. 

Pressure criteria were used for checking existing pipelines and sizing new pipelines. 
Velocity and head loss criteria were used as a guide for sizing new pipelines. Existing 
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pipelines not meeting velocity and head loss criteria were only judged deficient if they also 
resulted in pressure problems or other operational problems. 

4.6.4 Fire Flow Criteria 

Typically, master planning evaluations for fire flow assume one fire at any given time in a 
pressure zone, except in larger pressure zones. Based on discussion and review with the 
City, a criterion with one fire applied in whole service area was applied. Table 4.7 lists the 
recommend fire flows for this WWSMP. 
 

Table 4.7 Recommended Fire Flow Criteria 
Edmond Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Land Use Description Flow (gpm) 

Single-family residential 1,500 (1,000 if sprinklered) 

Multi-family residential, single-story 2,000 (1,500 if sprinklered) 

Multi-family residential, two-story 2,500 (2,000 if sprinklered) 

Multi-family residential, three or more stories 2,500 

Hospitals, school, and commercial 3,500 

Industrial 4,000 

4.6.5 Water Quality Criteria 

Many master planning evaluations incorporate water quality modeling of the distribution 
system. Water quality modeling can encompass a number of areas, including evaluating 
overall water age within the distribution system, principally driven by reservoir detention 
times, persistence of chlorine or chloramines residuals, or evaluation of source blends, 
when customers receive different sources of supply with different water quality 
characteristics. 

Water quality problems, such as loss of disinfectant residual, or nitrification potential are 
dependent on a number of factors, such as system infrastructure, water chemistry, water 
age and water temperature. However, water age plays a significant role and provides a 
general indicator of the potential for water quality problems. Often, water age modeling is 
used as a substitute for chlorine or chloramines modeling, since it is difficult to collect the 
data required to evaluate chlorine or chloramines interactions with the distribution system. 
For this master planning effort, both water age and source blends were evaluated. 

4.6.5.1 Water Age 

As noted above, water age can be a general indicator for other water quality problems, 
such as loss of disinfectant residual, or potential for nitrification. Therefore, water age is 
used for screening purposes, to indicate reservoirs with higher potential for water quality 



December 2013 - FINAL 4-37 
pw://Carollo/Documents/Client/OK/Edmond/8967A00/Deliverables/Ch04 

problems, based on higher water age. The hydraulic model calculates average water age, 
assuming that reservoirs are completely mixed. 

A water age of 5 days at average day demand conditions is recommended as a target age, 
based on preliminary evaluations using the hydraulic model to identify calculated water 
ages at reservoirs where the City has experienced low turnover and operational difficulty. 
Since water age is considered only a general indicator of potential water quality problems, 
Carollo recommends that the City take into account operational experience in prioritizing 
and implementing water quality improvements to improve reservoir turnover and reduce 
water age. 

4.6.5.2 Source Blends 

The City has a general goal of serving water of similar quality to all customers. Typically, 
water hardness concentrations vary depending on the amount of surface or groundwater 
customers receive, with well water having a higher hardness. The City’s water quality data 
indicates that surface water sources have a THMs formation potential of about 120 µg/L 
after 5 days at 30 degrees C. For the WWSMP, a goal of 64 µg/L THMs (or 80 percent of 
the 80 µg/L MCL) was used to evaluate the effects of implementing City blending projects. 

4.6.6 Summary of System Performance Criteria 

Table 4.8 summarizes the system performance criteria used for the evaluation. 

4.7 ANALYSIS OF EXISTING SYSTEM 

This section provides an overview of the analysis of the City’s water distribution system to 
identify areas experiencing deficiencies and requiring improvement. First, the section 
presents the results of an evaluation for required storage and pumping capacity, using the 
pump and storage reservoir sizing criteria discussed earlier. Then the section reviews 
results of the distribution system evaluation using the hydraulic model developed for the 
master plan evaluation. 

The hydraulic model for the Edmond system was developed using information from the 
City’s GIS. After calibrating and verifying the hydraulic model, the model was used to 
evaluate system performance for maximum demand day and fire flow scenarios. The 
section reviews model evaluation to identify system deficiencies for existing and buildout 
demand conditions. Specific improvement alternatives that were evaluated to correct 
deficiencies identified in the existing system analysis are discussed in later. 

4.7.1 Capacity Analysis 

This section provides an overview of the supply, storage, pumping, and pressure reducing 
station capacity analysis performed to identify deficiencies in the City’s water system. The 
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analysis compares the design supply, storage, pumping, or pressure reducing valve (PRV) 
capacity with the required capacity based on the facilities sizing criteria presented earlier. 
 

Table 4.8 Summary of System Analysis Performance Criteria 
Edmond Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Facility/Description Performance Criteria 

Storage Reservoir Sizing 

Operational Storage Volume 25 percent of Maximum Day Demand 

Emergency Storage Volume 50 percent of Maximum Day Demand 

Fire Reserve Volume Based on volume required using rate for most 
critical land use within pressure zone for a 
duration of 2 or 4 hours 

Fire Flows (Part of Reservoir Sizing) 

Number of Simultaneous Fires Single fire for all zones based on most critical 
land use 

Single Family Residential 1,500 gpm for 2 hours (1,000 if sprinklered) 
Zones 3, 5 & 6 

Schools, Commercial, Hospitals 3,500 gpm for 2 hours (Zone 4) 

Industrial 4,000 – 5,000 gpm for 4 hours (Zones 1 & 2) 

Pump Station Sizing 

Firm Capacity for Zones with Storage 100% of Maximum Day Demands 

200 percent of Maximum Day Demand (for 
12 hours) – For Time-of-Use only 

Distribution System Performance 

Maximum Pipeline Velocity 10 feet per second under non-fire flow conditions 

Maximum Pipeline Headloss 10 feet per 1000 feet under non-fire flow 
conditions 

Existing System Minimum Pressure 40 psi at Maximum Day Demand (MDD) 
35 psi at Peak Hour Demand (PHD) 

The deficiencies identified in this section exist “on paper,” using the design facility capacity, 
without regard to actual facility operation. In contrast, the deficiencies identified in later 
sections were identified using the hydraulic model, which evaluates how facilities operate 
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within the system. Each way of identifying deficiencies is equally important, and, for the 
most part, the same deficiencies were identified in each type of analysis. 

4.7.1.1 Storage Evaluation 

The City’s storage criterion is to provide storage equal to 75 percent of maximum day 
demands plus fire reserve, as discussed earlier. Table 4.9 compares existing storage 
capacities with the need for storage in service area. 

Based on this criterion of providing storage equal to 75 percent of maximum day demand 
alone, and without considering the modeled operational behavior of the reservoirs, the table 
identifies the following storage deficiencies under existing through buildout conditions: 

 There is a storage deficit of 2.72 MG under existing conditions. As a result, the City 
will need additional 22.3 MG after 2060 or when the city’s average day demand 
reaches 19.5 mgd. Based upon demand projections this corresponds to a population 
of about 122,690. 

4.7.1.2 Pumping Evaluation 

The City’s pumping criterion is to provide firm pumping capacity sufficient to pump the 
maximum day demand for about 16 hours. Firm capacity is defined as the capacity with the 
largest pumping unit at the pump station designated as a standby unit. As discussed earlier, 
this is equivalent to providing pumping capacity sufficient to pump 1.5 times the maximum 
day demand. Table 4.10 compares existing pump station capacities with the required 
pumping capacity in the service area. Based on the criterion of providing pumping capacity 
equal to 1.5 times maximum day demand alone, and without considering the modeled 
operational behavior of the pumps, the table shows that there is adequate pumping in the 
distribution system. 

4.8 HYDRAULIC DEFICIENCY ANALYSIS 

A hydraulic analysis was performed to assess distribution system performance and identify 
system deficiencies. The analysis included the following modeling scenarios to assess 
system performance: 

 Extended period (hour-by-hour) simulations on the maximum demand day, to 
evaluate system pressures, and reservoir re-fill for existing and buildout demand 
scenarios. 

 Steady-state (snapshot in time) hydraulic evaluations of maximum day demand, with 
fire flows applied at various locations, to test the system’s ability to supply required 
fire flow for existing and buildout demand scenarios. 
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Table 4.9 Comparison of Pump Station Capacity and Demand – Existing Conditions 
Edmond Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Year 

Demand (mgd) Storage Requirements (MG) 

Average Day Maximum Day 

Equalization 
(25 percent of 

Max Day) 

Emergency 
(25 percent of 

Max Day) 

Fire Flow 
(1,200 gpm for 

4 hrs) 
Total Storage 
Needed (MG) Surplus/Deficit 

2012 12.5 27.5 6.88 13.75 0.29 20.92 -2.72 

2017 13.7 30.1 7.53 15.06 0.29 22.88 -4.68 

2022 14.6 32.2 8.05 16.09 0.29 24.43 -6.23 

2027 15.7 34.5 8.61 17.23 0.29 26.13 -7.93 

2032 16.8 36.9 9.23 18.46 0.29 27.98 -9.78 

2042 19.5 43.0 10.74 21.48 0.29 32.51 -14.31 

Buildout 24.4 53.6 13.40 26.81 0.29 40.50 -22.30 
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Table 4.10 Comparison of Pump Station Capacity and Demand – Existing 
Conditions 
Edmond Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Year 
Maximum 
Day (mgd) 

1.5 x Max. 
Day (mgd) 

Firm Capacity 
(mgd) 

Deficiency 
(mgd) 

Surplus 
(mgd) 

2012 27.50 41.25 88.1 - 46.85 

2017 30.12 45.18 88.1 - 42.92 

2022 32.19 48.28 88.1 - 39.82 

2027 34.45 51.68 88.1 - 36.42 

2032 36.92 55.37 88.1 - 32.73 

2042 42.97 64.45 88.1 - 23.65 

Buildout 53.61 80.42 88.1 - 7.68 

This following discusses the operational characteristics and deficiencies identified in each 
of these scenarios. 

4.8.1 Existing Conditions 

An EPS was performed to evaluate distribution system performance under peak hour 
demand (PHD) and maximum day plus fire flow conditions. The peak hour demand was 
assumed to occur on the maximum day. Thus, peak hour demands were extracted from 
maximum day demand data. 

System pressures, pump operations and reservoir filling characteristics were reviewed to 
identify deficiencies such as low pressure problems, standby pumps operating to meet 
demands, or reservoirs operating down to storage levels normally reserved for emergencies 
or fires. Table 4.11 summarizes the water supply assumptions used in the maximum 
demand day EPS. 
 

Table 4.11 Model Assumptions for Water Supply - Maximum Day Demand, 
Extended Period Simulation 
Edmond Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Year 
Total Demand 

(mgd) 

Supplies (mgd) 

Arcadia Lake 
WTP Wells OKC 

2017 27.6 21.1 9.5 0 
2022 30.6 24.2 9.5 0 
2027 33.7 25.7 9.5 0 
2032 40.4 29.1 11.2 0 
2042 47.9 36.6 11.2 0 
Buildout 62.5 40 11.2 11.3 
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4.8.1.1 Peak Hour Demand Evaluation 

Under this scenario, peak hour demands were applied to the existing system modeled to 
evaluate operating pressures and limitations transmission capacity. The objective of this 
scenario was to maintain system pressures between 35 psi and 100 psi under PHD 
conditions. Pressures in excess of 100 psi were acceptable in some cases. The location of 
model junctions that did not meet pressure evaluation criteria are shown on Figure 4.11. 
Only pressure junctions that were located in areas where service connections existed are 
identified as deficient. Many junctions that were excluded were located adjacent storage 
tanks or in other locations where service connections or fire hydrants were not adjacent to 
the junctions. Results of the other scenarios are included in Appendix F. Junctions with 
pressures less than 35 psi were generally located at dead ends and at high elevations 
within the service area. Pressures that exceeded 100 psi were prevalent throughout the 
system. 

The analysis used a head loss criterion of 10 feet/1000 feet of pipe for maximum head 
losses and maximum velocity criteria of 10 feet/second under peak hour conditions. All the 
transmission main meet the criteria. The 24-inch transmission main from Arcadia Lake to 
I-35 has average velocity of 6.4 ft/s and headloss of ft/1,000 ft under peak hour conditions. 

4.8.1.2 Fire Flow under Maximum Day Demand 

In this scenario, fire flow demands were applied to all model junctions in the existing model 
under maximum day demand conditions. In order for each junction to pass the fire flow test, 
one main condition had to be met. The junction had to deliver a 1,500 gpm flow in addition 
to the maximum day demand flows, while maintaining a 20-psi service pressure. A total of 
2,400 junctions of the total 11,000 junctions in the model (about 22 percent) that were 
tested did not fire flow evaluation criteria. Many of these locations were at high elevations 
within the service area, located at dead ends or restricted by pipes with high headloss 
values. The locations of pipes in the existing system with high headloss values exceeding 
8 ft per 1,000 ft are displayed on Figure 4.11. 

Junctions that deliver less than 1,500 gpm are displayed on Figure 4.12. Not all junctions 
with less than 1,500 gpm required improvements and solutions. The fire code does provide 
relief with respect to the 1,500 gpm standard when approved automatic sprinkler systems 
are installed in buildings. The necessary fire flow can be reduced by up to 75 percent when 
approved systems are in place. The 1,500 gpm is used herein for the fire flow analysis. This 
value is certainly applicable to older sections of the city and somewhat conservative in new 
sections where automatic sprinklers are common. 
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4.8.2 Water Quality Evaluation 

The City meets distribution system demands from a combination of treated surface water 
and well water. The majority of supply is surface treated water and the wells, with 
purchased treated water from Oklahoma City used to supplement the supply in summer 
months, during peak demand periods. 

As part of the WWSMP analysis, the hydraulic model was used to perform water quality 
calculations to evaluate overall water age within the distribution system and water quality 
blends from the different sources of supply. As discussed earlier, information from the water 
quality evaluation was used to identify improvements, to reduce overall water age, and/or to 
increase blending of different supply sources, where practicable. 

4.8.2.1 Water Age Evaluation 

As noted in earlier, a water age of 5 days at average day demand conditions was used as a 
target age, based on calculated total water ages at reservoirs where the City has 
experienced low turnover. Reservoirs with higher water ages than 10 days were identified 
as candidates for capital improvements to improve reservoir turnover. During lower 
seasonal demand periods, the City experiences low turnover in several of its distribution 
reservoirs. This is especially true for reservoirs in lower demand areas that have large 
volumes reserved for fire storage. 

The hydraulic model was used to evaluate overall water age through the system for 
average day demands under existing conditions. Carollo modeled an average day demand 
scenario with winter setpoints for pumps. This scenario was selected because an average 
day scenario is reflective of fall conditions when water temperatures are still warm 
(approximately 25 degrees C), but demands have dropped. Winter setpoints operate the 
reservoirs at a lower level to reduce reservoir detention times. The evaluation modeled 
several hundred hours, simulating several average days in succession to identify water 
quality trends. Although hydraulic trends are usually evident for a two to three day 
simulation, water quality modeling requires a much longer simulation time to reveal water 
quality trends. 

Table 4.12 summarizes results of the evaluation, showing average water age in system 
reservoirs for average day existing conditions. The values shown represent overall water 
age, including travel through the system. 

Reservoirs with higher water ages were considered candidates for water quality 
improvements and are shown in bold in Table 4.12. These reservoirs are Danforth and NW 
Complex. The only way to significantly improve water ages for these tanks is to reduce their 
operating volumes. High water ages in these lower zone reservoirs also result in high water 
ages in higher elevation zones where water is pumped from College to Danforth. 



 

December 2013 - FINAL 4-46 
pw://Carollo/Documents/Client/OK/Edmond/8967A00/Deliverables/Ch04 

Figure 4.13 is water age for the existing system. The analysis also shows that water age 
increases significantly as the distribution system expands towards buildout conditions. 
 

Table 4.12 Storage Tank Cumulative Water Ages under Existing Average Day 
Demands 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Tank Type 
Cumulative Water Age 

(days)(1) 

I-35 Complex Elevated (East) 6 

Elevated (West) 5 

Ground 8 

33rd Street Elevated 7 

Ground 10 

Arcadia Lake WTP North Ground 10 

Arcadia Lake WTP South Ground 10 

Post Road Elevated 7 

Danforth Elevated 8 

Ground 14 

College Complex Elevated 6.5 

Ground 13 

Northwest Complex Ground 15 

Notes 

(1) Water age is cumulative age, taking into account both reservoir detention time and the age of 
water entering the tank. 

4.8.2.2 Blending Evaluation 

A water blending analysis surface water and well water was performed for existing average 
day and maximum day demand conditions to evaluate water quality blends when operating 
water treatment plant and wells together. For the analysis, Carollo evaluated source blends 
using water quality data for THMs from the City’s August 2013 water quality sampling 
report, using 120 µg/L total trihalomethanes (TTHM’s) for surface water, and 20 µg/L  for 
well water. Both average day and maximum day scenarios were evaluated. Table 4.13 
summarizes production sources, system demand conditions and water THM concentrations 
for the two scenarios. The results of the average day conditions are shown on Figure 4.14, 
and maximum day conditions are shown on Figure 4.15Error! Reference source not 
found.. Figure 4.14 shows average day conditions, in which the northern part of the system 
typically receives a blend of surface and well water, the central part of the system receives 
mostly well water. Figure 4.15 shows maximum day conditions, with the majority of the 
system receiving well water. 
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Table 4.13 Water Supply Sources for Blending Evaluation 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Scenario 
System 
Demand 

Surface Supply 
(mgd) 

Well Supply 
(mgd) Wells Used 

Average Day 12.6 6.3 6.3 10 

Maximum Day 27.8 13.9 13.9 20 

4.9 RECOMMENDED SYSTEM IMPROVEMENTS 

This section presents recommended system improvements to meet service reliability and 
water quality goals of the City. The section first reviews the approach to developing 
improvements and the evaluation of alternatives to meet service reliability and water quality 
goals. The section concludes with recommended improvements and phasing. Phasing 
presented in this section identifies whether improvements are required to correct current 
deficiencies, or are needed to correct deficiencies at buildout conditions. Chapter 7, which 
presents the CIP, further prioritizes improvements, to develop a staged improvement 
program for the City. 

4.9.1 Approach for Developing Improvements 

Carollo evaluated the existing water distribution system for existing, intermediate planning 
horizons and buildout demand conditions and identified improvements to correct 
deficiencies. Types of improvements include, pipelines, pump stations, storage tanks and 
valves. For future growth areas, the analysis focuses on improvements required to convey 
water through the system to growth areas, but does not look in detail at improvements or 
system configuration required for developments, since these improvements would be the 
responsibility of the developer. The WWSMP evaluates improvements required to deliver 
water to Northeast Complex, but does not evaluate specific requirements for the future 
planning area. The following assumptions were used in developing capital improvements: 

 All pipeline improvements are sized to meet buildout demand conditions. 

 Pipeline improvements are sized to conform to standard pipeline diameters: 8, 12, 16, 
24, and 30 inches. No improvements were sized less than 8-inch diameter. 

 Pump station improvements were sized assuming new units would be of similar size 
to existing units, where existing pump station expansion is required. 

 Some planned improvements from previous studies were included to provide 
transmission capacity and improve water quality. 

4.9.2 Storage Analysis 

Based on storage criteria discussed earlier, the City currently has a storage deficit of about 
2.72 MG. The deficit becomes larger from planning horizon to planning horizon. By buildout, 
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the will need additional 23 MG of storage. Five locations have been identified for 
construction of new storage facilities. These locations are identified below: 

 I-35 Complex – 3 MG ground storage 

 33rd Street – 2 MG elevated storage 

 Broadway and Danforth – 2 MG elevated storage 

 Northwest Complex – 2 MG elevated storage 

 Northeast Complex – 2 MG elevated storage and 3 MG ground storage 

Figure 4.16 shows the storage requirements and schedule for new storage facilities. 

4.9.3 Hydraulic Evaluation 

This section summarizes results from the hydraulic and water quality evaluations to 
determine sizing of improvements. Based on the results of the hydraulic evaluation of the 
existing system five focus areas for evaluating improvement needs were identified. These 
areas are: 

 the southwest section of the city; 

 west of I-35 between 2nd Street and Danforth; 

 Northeast Complex. 

 I-35 Complex 

 Northwest Complex 

To address the deficiencies in each area, several options were evaluated. These options 
are creation of a new pressure zone, parallel pipe improvement, pipe replacement, new 
storage and booster stations. 

Recommended improvements are displayed on Figure 4.16. 

Southwest Section of City. This area extends from just north of Memorial Avenue to 2nd 
Street and between Byrant and Kelly. The improvements in this area are needed to improve 
pressures, water quality and fire flow. The improvements include the installation of a new 
18-inch pipe along Bryant beginning from 2nd Street southward to 33rd Street, and 
westward to Kelly. The improvements also include the installation of 18-inch pipe along 
Kelly from Danforth southward to 15th Street and the installation of a parallel 12-inch 
between 15th Street and 33rd Street. 
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WATER STORAGE REQUIREMENTS 
 

FIGURE 4.16 
 

CITY OF EDMOND, OKLAHOMA 
WATER AND WASTEWATER SYSTEM MASTER PLAN 
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The improvements here also include construction of a new 2 MG elevated tank near the 
existing 33rd Street elevated tank. Based on demand projections, the city currently has 
storage deficit of about 2.72 MG and will grow larger to 23 MG by buildout. This new tank 
location is among the several locations identified construction of new storage systems to 
meet system storage requirements. The overflow elevation of this tank is at 1,336 feet. 

West I-35 Between 2nd Street and Danforth. This area extends from west of I-35 to Kelly, 
between 2nd Street and Danforth. The improvements in this area are needed to improve 
pressures, water quality and fire flow. The improvements include the installation of a new 
16-inch transmission main along 2nd Street between I-35 and Bryant. The improvements 
also include the installation of 18-inch pipe along Bryant from 2nd Street to Danforth, and 
16-inch along Danforth to west of Kelly along Kelly between Danforth and 2nd Street, 
another 18-inch pipe is needed to improve the level of service in this area. 

The improvements also include the construction of a new 2 MG elevated tank just north of 
Broadway and Danforth. The overflow elevation of this tank is at 1,336 feet. 

Northeast Complex. Currently the northeast section of the City is developed. It is 
anticipated that this will grow substantially by 2060. The projected demand in this area is 
about 6 mgd. To deliver to treated water to this area, a new 18-inch transmission main, a 
3 million ground storage, 2 MG elevated storage and a booster pump station will be 
needed. Based on elevation analysis, a new pressure zone may not be needed. Treated 
water from Arcadia Lake WTP will be delivered to the ground storage thank through the 
18-inch transmission main. From the ground storage, water will be pumped to elevated tank 
for distribution. Treated water will be supplemented by water from new well to be 
constructed along the 18-inch transmission main. Distribution piping identified for this area 
are shown on Error! Reference source not found.. These 12-inch piping system will be 
responsibility of developers. 

I-35 Complex. The buildout demand is expected to reach 63 mgd. The Northeast Complex 
demand is anticipated to be 6 mgd. With 8 mgd expected from wells, the remaining 49 mgd 
will overload the existing 24-inch transmission from Arcadia Lake WTP to I-35 Complex. A 
new parallel 36-inch transmission is required to improve water delivery to I-35 Complex. 
This new transmission main will deliver water to a new 3 MG ground storage at the 
Complex. New wells will also be constructed along this transmission main. The 3 MG 
ground storage will be equipped with a new booster pump station to distribute blended 
water to the distribution system. 

Northwest Complex. A new 2 MG elevated tank is recommended in this area to help boost 
pressure and improve fire flow in this area. 
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Chapter 5 

EXISTING COLLECTION SYSTEM 

5.1 BACKGROUND 

The collection system for the City of Edmond (City) consists of gravity collector sewers, 
trunk sewers, three main interceptors, and ten sewage lift stations. The age of the system 
ranges from several years in newer developments to more than fifty years old. The primary 
collector sewers range in size from 4-inch to 12-inch diameter. Trunk sewers are generally 
15-inch to 21-inch. Pipe materials vary and include polyvinylchloride (PVC), vitrified clay 
pipe (VCP) and reinforced concrete pipe (RCP). The main interceptors are about 
95,545 feet in length, primarily vitrified clay pipe, and varies from 24-inch to 54-inch 
diameter. 

Approximately 80 percent of Edmond’s current population is connected to the sanitary 
sewer collection system. The majority of Edmond’s wastewater is treated at the Coffee 
Creek Wastewater Treatment Plant (CCWWTP) to the east of the City. The treatment plant 
has a total design capacity of 9 million gallons per day (mgd). Wastewater is conveyed to 
the treatment plant via Coffee Creek Plant Lift Station and Spring Creek Lift Station. The 
plant receives influent flow from residential and some small commercial areas in the City. 
Industrial loads are not significant. Approximately two-thirds of the City’s wastewater flows 
in an easterly direction towards CCWWTP. The remaining one third flows west towards the 
Chisholm Creek interceptor sewer, operated by Oklahoma City (OKC), where it is pumped 
back to Edmond to drain by gravity to CCWWTP. In wet weather the flows are stored in 
OKC’s storm holding pond until they can be pumped back through the Chisholm Creek LS 
to the CCWWTP. 

The wastewater service area and subsystems are presented on Figure 5.1 and are based 
on the City’s inventory data contained in its GIS database. 

5.2 EXISTING COLLECTION SYSTEM FACILITIES 

5.2.1 Sewer Network 

The construction of the City’s collection system began in the early 1960s and continues to 
grow. The wastewater collection system contains 435 miles of sanitary sewer ranging in 
diameter from 4 inches to 54 inches. An inventory of the existing collection system was 
generated from inspection of existing City sewer GIS database and records. The inventory 
breaks down the system by pipe diameter and lineal footage, and is presented in Table 5.1. 
Eight-inch pipes dominate and account for approximately 80 percent by length of the 
collection system. Approximately 2 percent of the pipes by length in the collection system 
have unknown pipe diameter. 
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Table 5.1 Collection System Inventory 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Pipe Size (in) Length (ft) 
Percent By Length 

(percent) 

4 9,102 0.4 

6 26,437 1.17 

8 1,799,753 79.84 

10 104,064 4.62 

12 55,307 2.45 

15 53,241 2.36 

16 53 0 

18 48,104 2.13 

21 16,204 0.72 

24 60,369 2.68 

30 3,652 0.16 

33 23,444 1.04 

36 1,745 0.08 

48 698 0.03 

54 21,840 0.97 

Unknown 45,918 2.04 

Total 2,254,203 100.00 

Sewer materials consist mainly of VCP and PVC, which account for 79 percent of the 
collection system. Vitrified clay pipes accounts for nearly 43 percent of the total of pipes in 
the collection system. Prior to 1986, VCP was installed with straight pipe with rubber 
couplers. Afterwards, bell and spigot VCP with rubber joints were installed. Misaligned 
joints and couplers and intruding roots can be a significant source of inflow and infiltration 
into the collection system during the wet weather months and times of high groundwater. 

Some collection system pipelines in the City are in close proximity to streams and creeks. 
The groundwater table in these areas can be very high. Most of these areas have their 
original collection system pipelines in operation, which were constructed in the early 1960. 
Piping of this age is very prone to inflow and infiltration. 

Groundwater infiltration can be a significant source of flow into the collection system if the 
pipe is partially or entirely below the groundwater table. During the wet weather season, the 
groundwater table in areas close to streams, creeks, and lakes will rise substantially and 
can submerge pipelines, possibly allowing a significant amount of groundwater infiltration to 
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enter the collection system. For that reason, areas within close proximity to the surface 
water bodies should receive more routine televised inspection and smoke testing. 

The age and condition of the collection system facilities will impact the quantity of inflow 
and infiltration allowed to enter the system. Typically, older sewer pipes have a greater 
potential of allowing significant infiltration and inflow into the collection system. Older 
pipelines should be a priority when considering pipelines for rehabilitation. 

5.2.2 Lift Stations and Force Mains 

The collection system contains 9 significant lift stations. There are also a number of smaller 
lift stations in the vicinity of Arcadia Lake but these were not considered as part of this 
study. These facilities were constructed to pump wastewater through 12 miles of force 
mains across subsystem boundaries as the City grew, or to allow development in areas that 
were located long distances from existing gravity sewers. The lift stations have been 
categorized into three tiers of facilities. 

 First Tier Stations – Smaller installations that provide flow conveyance for upstream 
gravity systems only. These stations do not transport flow from other upstream lift 
stations. 

 Second Tier Stations – Generally categorized as small installations whose flow would 
include effluent from other upstream lift stations as well as gravity systems. 

 Third Tier or Larger Stations – High capacity stations that support numerous sewer 
basins, conveying flow from both gravity systems and upstream lift station(s). 

The lift stations with approximate reported capacities are listed in Table 5.2. Figure 5.2 is a 
schematic of the connectivity among the lift stations. 

Memorial Road LS - There are two small pumps at this lift station. One pump in operation 
can discharge 30 gpm and two pumps can achieve 40 gpm. This is a smaller facility with no 
equalization basin and considered a first tier lift station. 

33rd St LS - There are two pumps at this lift station. One pump operating on its own can 
discharge 240 gpm and two pumps can achieve 255 gpm. This is a smaller facility with no 
equalization basin and considered a first tier lift station. 

Coffee Creek Road LS - This facility conveys flows from subsystem EW1 directly into the 
headworks at Chisholm Creek WWTP. This was initially modeled as discharging to the 
Chisholm Creek LS to be pumped back to Edmond but stability issues with the model 
meant that this arrangement had to be amended. There are three pumps in place but it is 
reported that only two can operate together due to problems with high backpressure from 
the force main. Each pump is capable of discharging 1,300 gpm and two together can 
achieve 1,700 gpm. This station is considered a third tier facility. 
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SCHEMATIC OF THE WASTEWATER 
COLLECTION SYSTEM 

FIGURE 5.2 
 

CITY OF EDMOND, OKLAHOMA 
WATER AND WASTEWATER SYSTEM MASTER PLAN 
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Table 5.2 Location of Lift Stations 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Tier Lift Station 
Model 

Reference 

Maximum 
Station 

Capacity 
(gpm) Subsystem 

Elevation 

(ft) 

First Memorial Road LS-6268 40 E6 1,126 

33rd Street LS-8007 255 E6 1,100 

Coffee Creek LS-1512 1,700 EW1 1,017 

Oak Tree Reserve LS-3424 550 E2 1,074 

Second 40th Street LS-6259 340 E6 996 

Oak Tree LS-10435 1,004 E2 1,051 

Third Spring Creek LS-5232 3,600 E4 1,003 

Chisholm Creek LS-211 3,600 W1 1,035 

Coffee Creek Plant LS-5273 4,800 E1 996 

Oak Tree Reserve LS - There are two pumps at this lift station. One pump can discharge 
350 gpm and two can achieve 550 gpm. There is a small holding basin at this site. This is 
considered a first tier facility.  

40th St LS - There are two pumps at this lift station. One pump in operation can discharge 
300 gpm and two pumps can achieve 340 gpm. This is a smaller facility with no 
equalization basin and considered a first tier facility. 

Oak Tree LS - This facility is located on the west side of Santa Fe Avenue. It was 
constructed in 2005 to replace Oak Tree East and Oak Tree West Lift Stations. One pump 
can achieve 950 gpm, while adding the second increases the total output to 1004 gpm. 
There is no equalization basin and overflows are managed by portable pumping facilities. 
This is considered a second tier facility.  

Spring Creek LS - Spring Creek LS also conveys wastewater to CCWWTP. It is situated 
some two to three miles southwest of the plant near the corner of I-35 and 2nd Street. The 
station has a large open wet well and an expansive equalization basin. There are four 
pumps at the facility but only two are run together with a maximum capacity of 
approximately 3600 gpm. This is considered a third tier facility.  

Chisholm Creek LS - Wastewater from subsystems W1 and W2 discharges to the 
Chisholm Creek LS, via a 54-inch interceptor sewer. The Chisholm Creek LS is located at 
Oklahoma City’s Chisholm Creek WWTP and is operated by the City. It conveys flow back 
to Edmond to discharge into the gravity system in the vicinity of Bryant Avenue/Red Fox 
Road. There are three pumps on site but they operate individually: pump no. 1 is run for 24 
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hours each day at a rate of 2,500 gpm, and one of the two smaller pumps operates at night 
at a rate of 1200 gpm for 7 hours. The two smaller pumps are run as needed. Flows in 
excess of this are treated at Chisholm Creek WWTP or stored in the adjacent equalization 
basin to be then treated or pumped to Edmond. This is considered a third tier facility 

Coffee Creek Plant LS - Located in the CCWWTP, this station discharges directly into the 
treatment facility headworks. There is a large wet well with a capacity of approximately 
40,000 gallons, and there is an overflow to a large holding pond via a 24-inch pipe. There 
are 3 pumps in place and it is reported that all 3 pumps run together at a flow rate of 
4,800 gpm. This is considered a third tier facility.  

5.2.3 Siphons 

The Edmond collection system includes three sets of inverted siphons. The first siphon 
contains twin pipes located under the creek at Western Ave, each 350 feet long. These are 
10 inches and 12 inches in diameter. The second siphon is located at South Kelly Avenue 
and 15th St, 8 inches in diameter and 200 feet long. The third is 8 inches and 260 feet long 
and is at South Coltrane and Broken Bow Road. Each of these siphons is represented in 
the City’s hydraulic model. 

5.2.4 Overflows 

Aside from overflows at the lift stations, there is one feature in the Edmond collection 
system that could be regarded as a potential overflow. It is located to the rear of 2204 Lytal 
Lane, at model manhole ref NODE-10350. It is shown on the Edmond GIS as an overflow 
but it is actually a 4-inch PVC sleeve that protrudes through the manhole wall. The Client 
has verified that there is no pipe draining to the nearby creek and that there is no evidence 
that it has ever allowed any discharge. 

5.2.5 Sewer Basins 

The service area encompasses the area mostly along the west side of the City plus one 
additional area outside the current service area, in the northeast area of the City. The 
collection system service area is divided into 15 sewer basins, or subsystems, as shown on 
Figure 5.1. The subsystems and their boundaries are as described in the Sanitary Sewer 
Hydraulic Model – Model Construction report (Black & Veatch, 2009). The City is familiar 
with these subsystems and supplemental area. Therefore, their delineation has been 
maintained in this Water and Wastewater System Master Plan (WWSMP) for consistency. 
However, these subsystems do not include the northeast development located outside of 
the current service area boundary. This development has been designated for future 
development, as determined by the City. A map of the city illustrating the boundaries of the 
subsystem basins is presented in Figure 5.1. A tabulation of the approximate land area of 
each subsystem, percent imperviousness, and percentage of the total service area 
represented is presented in Table 5.3. However, sanitary flow collected from Subsystems 
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S1, S2, S3, S4, and S5 are currently served by the City of Oklahoma City in lieu of being 
serviced by the City. 

Eight of these subsystems were monitored as part of the flow survey during model 
development in 2007. Subsystems EW1 and W3 were not monitored during the flow 
monitoring efforts but contribute flow to the main Edmond collection system. 
 

Table 5.3 Subsystem Areas 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Subsystem Area (ac.) 

Percent 
Imperviousness 

(percent)(1) 

Percent of Total 
Service Area 

(percent) 

E1 5,261 1.6 15.2 

E2 5,079 4.3 14.7 

E3 2,672 10.1 7.7 

E4 5,780 4.5 16.7 

E5 2,631 15.2 7.6 

E6 2,913 13.8 8.4 

EW1 2,993 6.2 8.6 

W1 2,174 5.8 6.3 

W2 4,177 15.2 12.1 

W3 109 24.8 0.3 

S1 135 15.9 0.4 

S2 186 0.2 0.5 

S3 314 20.5 0.9 

S4 122 16.0 0.4 

S5 84 8.9 0.2 

Total 34,640  100.0 

Notes: 

(1) Impervious cover and gross subsystem area ratio. 

5.2.6 Collection System Operation and Maintenance 

The City operates and maintains the collection system. This work includes sewer cleaning, 
videoing, and construction. The City performs cleaning of all sewer pipes on a 12-year 
cycle. Cleaning includes jetting (pressure cleaning) to remove debris, scale, roots, and 
other blockages in the pipe. Cleaning crews also provide root treatment to reduce the 
occurrence of root growth in pipes. Videoing of existing and new sewer pipes also follows a 
8-year cycle for the entire system. During the routine videoing of the sanitary sewer system, 
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the crews operating the video equipment look for leaking pipe joints, obstructions or 
excessive deposits, as well as other pipe defects. In addition, when a leaking service lateral 
is identified the service address is determined and verified. A letter is sent to the property 
owner describing the problem and requiring that the service lateral be fixed within 180 days. 

5.2.7 Lift Station Operation and Maintenance 

According to City staff, all of the stations have been well maintained and are currently in 
good mechanical condition. The routine maintenance and inspection of the lift stations is 
primarily accomplished by two maintenance personnel. Current funding levels for lift station 
maintenance and equipment replacement ranges from $250,000 to $500,000 per year. 

5.3 WASTEWATER MODEL REVIEW 

The existing hydraulic model was developed in 2009 (ref. Sanitary Sewer System Hydraulic 
Model Technical Memorandum, Black & Veatch, 2009) using the InfoWorks CS software 
platform to assess the effects of future development on the existing infrastructure, and for 
use in developing long-range Program (CIP) projects. Data used to develop the model were 
obtained from the City’s GIS database and flow monitoring program. 

Wet weather peak flow and volume calibration has been carried out at eight locations 
throughout the study area. A good correlation between recorded flows and modeled flows 
was achieved. However, to confidently use the model to evaluate the collection system, it 
was reviewed for reasonableness, completeness, and consistency. The following 
paragraphs summarize the model review efforts. 

5.3.1 Model Detail 

The existing model is a simplified, or skeletal, version of the City’s collection system, 
consisting of only 80 miles of the 435 total miles of sewer piping. Only pipes of 10 inches in 
diameter and greater were included in the existing model. Some pipes smaller than 
10 inches were retained in the model where it was required to maintain connectivity. The 
City’s 10 sewer lift stations were also included in the hydraulic model to identify their 
contributions and effects on the collection system. 

Although skeletonization can have an impact on the model results, its effects, for the most 
part, are unknown. To increase the robustness of this highly skeletal system, an extensive 
calibration may be needed and/or it may be necessary to include more of the sewer pipes in 
the model. For example, omitting a dense grid of small diameter pipes from a model simply 
because of their size or quantity may be inappropriate if, as a group, they present a 
sizeable hydraulic impact on the system. Based on our review, the calibration seems 
adequate for this analysis. However, it is recommended that more of the piping system be 
included in areas where there are known hydraulic bottlenecks. Figure 5.3 shows the 
modeled pipes and manholes. 
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5.3.2 Pipe Network Data 

The sewer system model was based on an inventory of sewer piping and facilities identified 
in the City’s GIS database. Pipes in the model are represented by line segments and are 
defined by an upstream manhole, a downstream segment of pipe and a downstream 
manhole. Most models consider manholes and wet wells as “nodes,” and pipes, force 
mains, pumping stations, and control structures as “links.” GIS data obtained from the City 
were used to check for significant errors in the model physical data. The model input data 
were found to be consistent with the GIS database. 

5.3.3 Geometric Anomalies 

Even if high quality information on the physical attributes of the system is available and 
good estimates of nodal inflow is provided to the simulation model, there can still be 
differences between performance predicted by the model and that actually observed in the 
field. Anomalies in the geometry of the system such nodal invert and ground elevations are 
usually to blame in these cases. In the existing hydraulic model, no significant geometric 
anomalies such as two pipes crossing one another and inconsistent nodal elevation were 
found. 

5.3.4 Pump Characteristic Curves 

All pumps in the model are represented by a single point at the respective design flow and 
head conditions. When a pump design point is input in the modeling software, the software 
creates a hypothetical curve that is representative of a centrifugal-type pump, which has a 
moderately flat curve. In some cases, models do not calibrate well using the single design 
point function in the modeling software. The modeling report indicates that a reasonable 
calibration was achieved for this model. However, the integrity and robustness of this model 
can be improved if the design point is used as reference to estimate a steeper curve. The 
new, steeper curve can then be input into the model as a multiple point curve that will better 
simulate recorded pump performance. It is also recommended that when applying design 
points to model pumps, that the type of pump in the field be considered and model results 
examined to determine if a multiple point curve should be developed and applied to the 
model pumps instead of the single design point. 

5.3.5 Runoff Routing Model 

The runoff routing model used for the wet weather modeling is known as the Large 
Catchment Model. This is a modified version of the standard (Wallingford) runoff routing 
model in InfoWorks that contains elements that delay and attenuate the peak discharge. 
This is particularly appropriate for models that have large sub-catchments, which is typical 
of reduced models. 

Rainfall input files were created from the recorded rainfall data and this was applied to the 
sub-catchments to predict the effects on the collection system of various patterns of rainfall. 
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There are several sub-catchment parameters that were varied until there was an optimum 
match between the model-predicted flows and the measured flows for all three storms 
events. 

Even though this method is adequate, it can produce high peak discharges. Since this 
model is reasonably calibrated, the runoff parameter was found to be adequate to generate 
infiltration and inflow (I/I) flows. 

5.4 MODEL UPDATES 

Based on the model review and City directive only minor changes were made to the 
existing model. The City indicated that the existing model was reasonably constructed and 
therefore could be used without significant changes to evaluate the collection system and 
develop long-term capital improvement projects. The changes made to the original model 
include: 

 Pump curves update 

 Sanitary sewer design flows update 

5.4.1 Pump Curves Update 

The single points used to represent pumps in the original model were replaced with multiple 
points curve derived from manufacturers’ curves for all 10 lift stations modeled. 

5.4.2 Sanitary Sewer Design Flows Update 

One of the main objectives of this project is the development of both short-term and long-
term capital improvement projects. As a result, seven planning horizons were identified. 
These are existing (2012), 2017, 2022, 2027, 2032, 2042, and buildout. Flows for these 
planning horizons were estimated and used to create model scenarios. The detailed design 
flow estimations and projections are discussed in Chapter 2 of this report. 

5.4.2.1 Analysis of Existing Flow Monitoring Data 

According to the City, the existing model is reasonably calibrated, and therefore no further 
calibration is needed. Thus, the existing model was assumed suitable for use in assessing 
the effects of existing and future development on the collection system. This analysis was 
performed to understand the collection system response to wet weather conditions and to 
derive pertinent I/I parameters for the development of weather wet flow management 
scenarios for the City. In 2008, Black & Veatch performed flow monitoring analysis for 
development of the sanitary system hydraulic model, followed by a subsequent flow 
monitoring evaluation in the W2 subsystem by RJN Group. RJN Group also performed 
subsequent flow monitoring in subsystem E3 in 2012. Flow monitoring is necessary to 
correlate projected flow estimates, based on land use and flow factors, with actual or “real 
world” collection system flows, as well as to make necessary flow adjustments in the 
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hydraulic model. Thus, the existing model accuracy is entirely dependent on the accuracy 
of the flow monitoring results. 

Flow monitors were located within the representative manholes of each modeled 
subsystem, as depicted on Figure 5.3, for the 2008 flow monitoring program. The flow 
monitoring and rain gauge data were used to calibrate the existing collection system 
hydraulic model for dry and wet weather flows. 

The current analysis of flow monitoring data was performed to understand the collection 
system hydraulics, as well as guide the following activities: 

 Perform analyses for conveyance, inflow and infiltration, storage and treatment facility 
improvements; 

 Develop a targeted and cost-effective I/I reduction plan; and 

 Develop a capital improvement plan. 

5.4.2.1.1 Wastewater Flow Components 

Typically, wastewater consists of three components: base sanitary flow (BSF), groundwater 
infiltration (GWI), and rainfall dependent inflow and infiltration (RDII). BSF and GWI during 
dry weather constitute dry weather flow (DWF). GWI occurs when groundwater levels are 
above the inverts of the collection system pipes and when the collection system has faulty 
joints or other defects that allow infiltration of groundwater into the pipes. Sewer pipes 
located within close proximity of a stream or other body of water tends to be more 
susceptible to groundwater infiltration than pipes located in other areas. RDII occurs during 
wet weather conditions and is caused by inflow into the system and increased infiltration. 

The United States Environmental Protection Agency (US EPA) Sanitary Sewer Overflow 
Analysis and Planning (SSOAP) Toolbox and rainfall data were used in this analysis to 
categorize the existing flow monitoring data into dry weather and wet weather periods. 

5.4.2.1.2 Dry Weather Flow Results 

The 2008 and 2012 flow monitoring data were first evaluated to determine dry weather flow 
characteristics. The data were processed to eliminate flows produced by rainfall caused 
inflow and infiltration using SSOAP Toolbox. Weekday and weekend flow patterns vary 
from one another and must be separated when determining average dry weather flows. 
Figure 5.4 is a graphical representation of the average dry weather flows that were 
generated at the subsystem E4 flow monitoring site during the flow monitoring program in 
2008. Similar graphs from the remaining subsystems are presented in Appendix G. 

Table 5.4 lists the average dry weather flow (ADWF) and average peak dry weather flows 
(PDWF) recorded during the 2008 flow monitoring period, as well as the PDWF/ADWF ratio 
for evaluating the peaking factor for estimating future peak demands. 
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Table 5.4 Monitored Average Dry Weather and Peak Flows 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Subsystem 

Average Dry 
Weather Flow 

(mgd)(1) 

Average Peak Dry 
Weather Flow 

(mgd)(1) PDWF/ADWF Ratio

E1(2) 0.03 - - 

E2 0.13 0.60 1.35 

E3 0.80 3.85 1.27 

E4(2) 0.17 - - 

E5 0.40 2.23 1.29 

E6 0.13 0.89 1.56 

W2 0.62 2.63 1.32 

Notes: 

(1) Flows based on data from 2008 flow monitoring program. 
(2) Flow values from the flow monitoring data of these subsystems was inconclusive. 

5.4.2.1.3 Base Sanitary Flow 

Base sanitary flow (BSF) is domestic (or sanitary) wastewater from residential, commercial, 
institutional (schools, churches, hospitals, etc.) and industrial sources. The population and 
land uses in area affect its quantity. BSF is normally estimated as discussed in Chapter 2 
by applying unit flow factors to land use. BSF for each drainage subsystem was estimated 
by subtracting the subsystem groundwater infiltration from the average dry weather flow 
(ADWF). Table 5.5 shows the average BSF estimated for each subsystem. 
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5.4.2.1.4 Groundwater Infiltration Analysis 

To estimate the portion of the DWF contributed by infiltration, the flow meter data were 
examined to identify periods of dry weather (at least five days without a storm event). The 
selected dry weather periods were analyzed to determine nighttime flow, which occurs 
between midnight and 2 am. The nighttime flow represents a period of minimal sanitary flow 
when most people are asleep. Thus, it is generally assumed that a high percentage of the 
nighttime flow is attributed to groundwater infiltration. A portion of the nighttime minimum flow 
may also be attributed to sanitary flow from 24-hour industrial/commercial operations, 
institutional flows, and/or some small amount of domestic flow. The portion of the nighttime 
minimum flow, which can be attributed to sanitary flow, may be estimated through a 
combination of the following: 

 A detailed survey of nighttime large industrial, commercial, or institutional water users, 
and 

 An estimate, based on engineering judgment, of the expected percentage of the 
nighttime minimum flow, which may be attributable to domestic flow contributions. 

 

Table 5.5 Estimated Drainage Subsystem Dry Weather Flow Components 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Subsystem 
Groundwater 

Infiltration (mgd) 
Base Sanitary Flow 

(mgd) 
Average Dry Weather 

Flow (mgd) 

E1 0.03 0.11 0.13 

E2 0.13 0.32 0.45 

E3 0.21 0.57 0.78 

E4 0.17 0.52 0.69 

E5 0.40 1.33 1.73 

E6 0.13 0.46 0.59 

W1 0.07 0.23 0.30 

W2 0.62 1.61 2.23 

EW1 0.07 0.28 0.35 

S1 0.01 0.04 0.05 

S3 0.03 0.12 0.15 

S4 0.01 0.03 0.04 

Total 1.87 5.61 7.48 

The percentage of the nighttime minimum flow, which may be attributable to domestic flow 
contributions, is likely to be a small portion. 
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As accepted by the US EPA, 90 percent of the minimum nighttime was initially assumed to 
be attributed to groundwater infiltration based on professional judgment. The analysis 
assuming 90 percent of nighttime flow as groundwater yielded significant volumes of 
groundwater in the collections system. However, based on City staff’s experience and normal 
organic loadings at the WWTP (average influent BOD concentrations at the WWTP are more 
representative of domestic sewage and not groundwater which would likely be represented 
by lower concentrations of BOD), it was determined that the 90 percent assumption for 
groundwater infiltration was overly conservative for the City’s collection system. Thus, flow 
values for groundwater infiltration were evaluated based on an evaluation of the all available 
flow monitoring data, water production data, water meter readings, and correction factors 
previously established for the subsystems in the 2009 Sanitary Sewer Hydraulic Model 
(B&V). Under this analysis, the contribution of flow attributed to GWI was 25 percent on 
average. 

The estimated GWI for each subsystem evaluated is shown in Table 5.4 above. In the table, 
BSF flow was obtained by subtracting the GWI from the ADWF. 

5.4.2.1.5 Wet Weather Flow Results and I/I Analysis 

Real time flow was plotted against the base flow and hourly rainfall data to determine the I/I 
volume during each storm event. Using the estimated collection system areas, an R-Value 
analysis for the collection systems of several of the subsystems over two significant rainfall 
periods was conducted. R-Value is the percentage of rainfall within the respective subsystem 
that permeates into the sewer system. Table 5.6 summarizes the RDII analysis calculated for 
each subsystem during two rainfall events. In Table 5.6, RDII is represented by the R-Value. 
An R-Value of 5 percent or greater represents significant RDII. The R-Values listed show that 
the collection system did not have significant response to the rainfall events. 

Table 3.4 shows that the R-Values for all subsystems do not exceed the threshold value of 
5 percent. This implies that the sewer piping in these subsystems is fairly “tight.” The R-
Value method also provides a means to compare the relative magnitude and severity of I/I 
flow between different subsystems. Relative to its size (area), subsystem E6 contributes the 
most the significant volume of I/I, based on its R-value. 

Table 5.6 also summarizes the peaking factors for the respective subsystems. Peaking factor 
is defined as the peak wet weather flow (PWWF) divided by the ADWF. Peaking factors can 
be used to determine the extent of the inflow component of I/I within a particular basin. A 
peaking factor threshold value of 3.0 is commonly used for sanitary sewer design in 
distinguishing significance. Again, subsystem E6 contributes the most inflow to the collection 
system. 
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Table 5.6 RDII Summary 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Subsystem 
Average Dry 

Weather Flow 
(mgd)(1) 

Peak I/I 
Flow 

(mgd)(1) 

Peak Wet 
Weather 

Flow 
(mgd)(1) 

Peaking 
Factor 

R-Value 
( percent) 

 0.03 - - - - 

E2 0.80 2.27 5.6 2.27 0.32 

E3 0.21 3.15 6.62 2.10 1.04 

E4 0.17 - - - - 

E5 0.40 3.26 5.14 2.97 1.12 

E6 0.13 1.96 2.74 4.80 3.02 

W2 0.62 3.71 5.56 2.78 1.24 

Notes: 

(1) Flows based on data from 2008 flow monitoring program. 

5.5 WASTEWATER COLLECTION SYSTEM MODELING 

Upon completion of the flow estimation and allocation, a capacity analysis of the modeled 
collection system was performed. The capacity analysis entailed identifying areas in the 
collection system where flow restrictions occur or where pipe capacity is insufficient to pass 
PWWF events. Pipes that do not have sufficient capacity to pass PWWFs can produce 
backwater effects in the collection system and potentially cause sanitary sewer overflows 
(SSOs). 

This section presents the results of the hydraulic evaluation of the collection system under 
existing and future conditions, and identifies recommended improvements. The criteria to 
assess the hydraulic adequacy of the collection system and to develop hydraulic 
improvements are also presented. 

5.5.1 Design Criteria and Constraints 

The hydraulic evaluation criteria apply to existing sewers that may be needed to provide 
additional hydraulic capacity in the existing collection system. The hydraulic performance 
assessment was performed using existing and future wet weather flow conditions as 
described elsewhere in this report. 

This section presents the guides used to evaluate the existing and future collection system. 
Using these guides, solutions were formulated for each alternative by solving conveyance 
and overflow problems in the collection system. These guides consist of design objectives, 
design criteria, and physical constraints. Using these guides, capital improvements were 
developed and cost estimates completed as presented in Section 7. 
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5.5.2 Existing and Future System Evaluation Criteria 

Current standards allow facility overflows for flows resulting from a 5-year, 24-hour storm. It 
is likely that the existing conveyance system and pump stations were designed to meet this 
criterion. However, there have been regulatory discussions over the past several years about 
eliminating all permissible overflows. To date, no regulatory action has been taken to develop 
this highly restrictive condition. However, the City has herein adopted a larger design storm 
in an effort to reduce and/or eliminate overflows associated with storm events greater than 
the 5-year storm. The evaluations described in this section assume a 10-year, 24-hour storm 
event. 

The capacity and performance of the existing and future system scenarios was evaluated 
based on the following criteria: 

 Pipe Surcharge: Pipe surcharge occurring during the PWWF conditions should be 
minimized. Under PWWF, the Hydraulic Grade Line (HGL) must remain at least two 
feet below any manhole rim. The only exception to this is in locations where locking 
manhole rims are used; for these manholes, the HGL was permitted to rise to the 
manhole rim elevation. 

 Sanitary Sewer Overflows: SSOs occurring during the peak wet weather flow 
conditions should be eliminated. SSOs are noted as “flooding” or “flooded structures” in 
the model. 

 Pipe Capacity: Pipe capacity was calculated in a H2OMAP SWMM model for all 
locations included in the model. Under the peak wet weather conditions, a d/D ratio can 
exceed 100 percent provided there is a freeboard of at least 2 feet. Capacity limiting 
problems were identified at pipes that exceeded this threshold value. Siphons and 
adjacent pipes are noted as exceptions to this rule. 

 Pipe Velocity: Flow velocities should be maintained between 2 and 10 feet per second 
(ft/s). Velocities less than 2 ft/s could cause solids to settle out of the wastewater flow 
that could lead to clogged pipes and system backups. Additionally, an accumulation of 
solids may trap organic solids, increase detention time, and promote sulfide 
generation. Flow velocities were evaluated under PWWF conditions. 

The hydraulic assessment of gravity sewers was based on surcharging which occurs when 
the hydraulic gradeline is above the crown of the pipe. Surcharging is the best indicator of 
pipes at risk of causing SSOs because of insufficient hydraulic capacity and was used to 
identify hydraulic capacity projects. 

Two types of surcharging can occur. The first type is related to inadequate hydraulic 
capacity. The second type of surcharge is referred to as backwater. Backwatering often 
occurs where small diameter pipes connect to larger diameter pipes and the pipes have the 
same invert elevation. This type of connection is usually designed to match the crown 
elevations of the pipes to avoid backwater. A hydraulic capacity analysis was used to help 
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determine if surcharging was caused by inadequate hydraulic capacity or by backwatering. 
The hydraulic capacity analysis compared the peak wet weather flow to the pipe hydraulic 
capacity. 

New pipes are constructed to obtain minimum velocities to minimize deposition of sediment 
and other material. The minimum design velocity for sewer mains is typically 2 feet per 
second (ft/s). The velocity information was not used to identify hydraulic problems in the 
collection system for two reasons. First, improving the velocity in a reach requires 
constructing a new larger pipe and/or changing invert elevations. Both approaches can be 
very costly. Second, solids deposition can often be controlled by preventive maintenance at a 
much lower cost than reconstructing portions of the collection system. However, the velocity 
information was used to identify areas in the collection system that need periodic 
maintenance to prevent sediment deposition that if not addressed could cause significant 
backwater effect. 

5.5.3 Recommended Improvements Design Criteria 

A series of design objectives and criteria were established for development and evaluation of 
potential capital projects. The main purpose of many of these objectives and criteria was to 
provide guidelines for the evaluation of the City’s sanitary sewer collection and conveyance 
facilities. The general design objectives used in developing alternatives were to: 

 Reduce the frequency and volume of sanitary sewer overflows and, where 
economically justified, eliminate sanitary sewer overflows resulting from the 10-year 
rainfall event. 

 Maintain or improve flow condition while mitigating overflows. 

 Prevent increases in overflows or HGL elevations elsewhere without adequate 
mitigation or other suitable compensation. 

5.5.4 Increased Capacity Improvements 

Increased sewer capacity is often most cost effectively achieved through the construction of 
parallel relief sewers. In this study, parallel relief sewers were sized to accommodate flows 
from a 10-year storm with only minor system surcharge and no overflows. Conceptual design 
of parallel relief sewers required the identification of the maximum possible flow in each 
section of pipe during routing of BSF and RDII from the 10-year storm. 

Design criteria for the installation of parallel relief sewers was as follows: 

 The minimum depth to the crown of a new pipe was 2 feet. 

 The existing sewer slope was maintained in the parallel relief sewer. 

 The minimum design velocity for replacement pipes is 2.0 ft/s. 

 The minimum diameter for replacement pipes is 8 inches. 
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The options of replacement and upsizing of sewers were considered in all situations and 
implemented where deemed appropriate. 

5.6 MODEL SCENARIOS 

Seven model scenarios based on the planning horizons were developed to analyze the City’s 
collection system. The scenarios include both existing and buildout conditions. 

5.6.1 Existing System Analysis 

The existing system was evaluated to identify inadequacies and problem areas. The system 
was evaluated to determine what pipes or pumps were potentially limiting collection system 
efficiency. Evaluation of the efficiency of the collection system was based on the capacity of 
the pipes under peak wet weather flow conditions. Capacity was illustrated using a d/D ratio, 
which was expressed in terms of percent capacity. Deficiencies in system capacity were also 
illustrated by highlighting SSO locations. Velocity related problems were also identified. 

5.6.1.1 Dry weather System Evaluation 

The model was run during the weekday diurnal dry weather design flow to assess capacity, 
SSO and velocity related problems. The model was examined during the daily peak hour, 
which occurred daily at approximately 9:00 a.m. 

Model simulations of the existing conditions indicated that SSOs did not occur during dry 
weather flows. All pipes were running well below maximum capacity. Under dry weather flow 
conditions, a general rule-of-thumb says the d/D ratios should be less than 50 percent. 
Siphons and pipes immediately adjacent to the upstream end of the siphons were excluded 
from this rule. 

Low flow velocities were abundant under dry weather flow conditions. Velocities less than 
2 ft/s occurred in 32 miles or about 34 percent of the pipes in the collection system. 
Locations of pipes with flow velocities less than 2 ft/s are shown on Figure 5.5. At 'velocities 
less than 2 ft/s, solids may settle out of the flow stream and cause system backups. Results 
from the monitoring program indicated low flow velocities were a constant problem in much 
of the system. High flow velocities exceeding 10 ft/s did not cause problems under dry 
weather flow conditions. 

5.6.1.2 Wet Weather System Evaluation 

The number of overloaded sewers is determined based on the selected level of system 
protection for a design storm event. The lower the level of protection, the greater the risk of 
sewer overloading and subsequent sewage bypassing or basement flooding. Selection of a 
design storm is a balance between an acceptable level of protection and acceptable cost. A 
10-year storm event level of protection has been selected by the City and was used for 
analysis. System analyses were performed to evaluate sewer line and pumping station  
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capacity against peak flow rates for current design conditions and the other planning 
horizons. Analyses were performed for existing conditions without removal of any I/I. 

The model was run during the weekday diurnal wet weather design flow to assess capacity, 
SSO and velocity related problems. Design flow conditions from a 10-year, 24-hour Soil 
Conversion Service (SCS) Type II design storm were applied to weekday dry weather flows. 
The model was examined during the design flow peak hour, which occurred between model 
hour 12:00 and 13:00. At this time, the peak flow from the design storm produced the 
maximum hydraulic stress to the system. 

Over 400 SSOs occurred under the 10-year, 24-hour SCS Type II design storm conditions. 
The overflows that occurred between simulated hours 12:00 and 14:50 were of short duration 
ranging from 0.5 to 2.5 hours. The results were compared with records of confirmed SSOs 
due to heavy rain in Table 5.7. The observed sanitary overflow information was extracted 
from Technical Memorandum – Model Construction and Initial Capacity Assessment, Black & 
Veatch, 2009. There are a number of historically recurring SSOs in the vicinity of Chisholm 
Creek which are not predicted to overflow in the model. It may be that these problems have 
been alleviated by the construction of the new 54-inch interceptor sewer. Many of the 
remaining confirmed SSOs are also predicted to overflow by the model, and all are predicted 
to at least surcharge. 

Of the unconfirmed overflow locations, it is possible that a number of these predicted 
overflows may not actually occur in reality. The problem may be due to the model 
simplification process which has resulted in large contributing areas entering the collection 
system at the head of a branch. This would concentrate a great deal of runoff at isolated 
manholes without the benefits of upstream storage and flow attenuation. 

Many of the overflowing manholes are at low drainage points in the collection system and 
may in fact have manhole covers bolted down to prevent surface flooding. It is recommended 
that these overflow locations are reviewed with City staff to confirm if there are indeed 
problems in these areas. 

All of the manholes predicted to overflow are shown on Figure 5.6 and listed in Appendix G. 
Those confirmed as SSOs by the City are highlighted. Pipe segments which are predicted to 
surcharge due to insufficient capacity are provided are also on the figure and listed in 
Appendix G. Pipes which are surcharged due to downstream capacity limitations are 
highlighted. 

In addition to the manholes and pipes, Coffee Creek Road LS, Oak Tree LS, Oak Tree 
Reserve LS, 33rd St LS, and 40th St LS were highlighted by the model as having insufficient 
capacity to cope with the incoming flows, resulting in surcharge upstream. Assessment of the 
force main performance showed the modeled velocities to be within reasonable guidelines. 
Based on a maximum velocity of 12 ft/s, no hydraulic problems are predicted at any of the 
force mains. 
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Table 5.7 Records of Confirmed SSO Due to Rain, 2001 to 2008 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Model 
Manhole 

ID Address 
Date of Observed 

SSO 

Observed SSO 
Occurrence 
Frequency Reason 

Model Prediction 

Overflow Surcharge

LS-5273 Coffee Creek WWTP 4/25/2007 1 High flow No No 

LS-6259 40th Street LS 06/29/07 to 03/31/07 2 Heavy rain Yes Yes 

MH-1104 1201 Bluff Creek Dr. 9/11/2003 1 OKC line backup Yes Yes 

MH-1177 6412 Oak Tree Cir 8/11/04 to 5/17/04 2 Heavy rain No Yes 

MH-1178 6412 Oak Tree Cir 8/11/04 to 5/17/04 2 Heavy rain No Yes 

MH-2458 2104 Whispering Creek Blvd 7/17/2007 1 Heavy rain Yes Yes 

MH-4 1201 W 15th St 9/11/03 to 8/11/04 2 Heavy rain Yes Yes 

MH-4284 1313 Larkspur 3/30/2007 1 Heavy rain No Yes 

MH-5243 1600 N Midwest Blvd 1/22/2003 1 Overloading of 
holding pond 

No Yes 

MH-5327 3600 N. Coltrane 7/10/2007 1 Unknown Yes Yes 

MH-536 2708 Trail Creek R. 10/9/03 to 8/11/04 3 Heavy rain No Yes 

MH-537 2609 Bent Trail Rd. 06/17/07 to 8/18/08 20 Heavy rain No Yes 

MH-6216 3009 Broken Bow Circle 8/15/08 to  8/19/08 2 Heavy rain No Yes 

MH-656 2920 Woodhollow Trail 5/8/07 to 8/19/08 7 Heavy rain Yes Yes 

MH-7407 1101 Woodford Ct 7/10/2007 1 Unknown Yes Yes 

MH-7470 2100 Turtle Creek Rd 4/30/2001 1 Unknown Yes Yes 

MH-7531 1409 Pine Oak Pl 6/29/2007 1 Heavy rain No Yes 

MH-8022 2217 Brookwood Pl 8/19/07 to 7/12/07 2 Heavy rain Yes Yes 

MH-9241 1400 Pine Oak Dr. 7/10/2007 1 Heavy rain No Yes 

MH-9247 1012 E. 13th St. 7/10/2007 1 Heavy rain No Yes 
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5.6.2 Future Collection System Evaluation 

5.6.2.1 Future Design Conditions 

The existing model inventory, planned improvements, and future wastewater service 
extension sewers comprise the future model inventory. Hydraulic capacity analyses were 
performed to identify sewers, pump stations, and force mains with insufficient capacity for 
future growth peak flows. Projected future growth peak flows did not assume the completion 
of an I/I removal program. The analyses were then used to develop a CIP to address these 
hydraulic concerns. 

Projected future growth peak flows comprise growth within existing subbasins and growth 
which is tributary to the existing subbasins and the existing wastewater collection system. 
The growth areas which are tributary to the existing subbasin are called extension areas. 
Sewers were preliminarily placed in extension areas, based on topography, so costs can be 
estimated for providing sewer service to these areas. The future collection system network 
layout is displayed on Figure 5.7. 

The future collection is schematically shown on Figure 5.8. The hydraulic analyses 
highlighted areas where pipes are overloaded at future growth conditions. Where the degree 
of overloading is small, (existing pipe capacity is exceeded by 15 percent or less) or the 
length of overloaded pipe is small and isolated, these sections of sewer were placed on a 
Wastewater Collection Sewer Watch List. The sewers on the Watch List should be monitored 
for deterioration, backups, and overloading. The Wastewater Collection System Watch List is 
presented in Appendix G. 

Some of the deficiencies at the upstream ends of the trunks could be an artifact of the 
“skeletonized” model, in which basin flows are added at specific points along the trunk. 
These loading points often group together a number of collectors, which may be more 
distributed in reality than practical to apply in the skeletonized model. It is anticipated that, 
with these types of models, flows at the upstream ends of collectors appear higher than 
actual flows in the system, and deficiencies may arise in the model that do not occur in the 
real system. Expanding the model pipe network in these areas is necessary to provide 
results that are more accurate and confirm deficiencies in these upstream pipes. 

5.6.3 Recommended Pipeline Improvements 

This section describes the recommended improvements to address the noted deficiencies 
identified in the hydraulic model. All of the recommended projects are required to address 
short-term deficiencies. Recommended projects are sized to adequately convey peak flows 
at Buildout conditions under the 10-year storm. 
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Table 5.8 presents a summary of the recommended capacity-related pipeline improvements. 
Recommended projects were assigned project identification (ID) correlating to the 
wastewater subbasin it affects. The recommended pipe diameter and extents of 
improvements are provided. The projects are also shown in Figure 5.9. 

5.7 INFLOW AND INFILTRATION REDUCTION PROGRAM 

Managing wastewater collection and treatment systems includes planning for non-sanitary 
flows that enter the wastewater system in wet weather. In areas where precipitation is high, 
wastewater infrastructure is often sized to handle up to ten times the quantity of base 
sanitary flows due to rainfall and groundwater intrusion. Proper management of a wastewater 
system aims to reduce these high wet-weather related peak flows, thereby reducing the need 
for larger infrastructure to adequately convey and treat wastewater. 

High wet-weather related flows are attributed to inflow and infiltration into the collection 
system. Inflow is defined as flow that enters the collection system through direct connections 
such as foundation or roof drains connected to the system, and rainwater entering through 
unsealed manhole lids. Infiltration is defined as flow that infiltrates into the collection system 
through indirect means such as cracks in pipes, unsealed manhole joints, and broken side 
sewers (private sewer laterals from building to right-of-way) and laterals (public sewer 
laterals from right-of-way to sewer main). Both inflow and infiltration are dependent on rainfall 
and groundwater conditions. I/I is typically largely comprised of RDII, though some infiltration 
can occur regularly due to groundwater table elevations. 

The City’s wastewater system has historically high wet-weather related peak flows, attributed 
to high rates of I/I. These peak flows have occasionally resulted in surcharging the system, 
and overflowing manholes. High peak flows also impact the ability of the CCWWTP to treat 
wastewater from the service area. Discharges from the CCWWTP are regulated through the 
City’s National Pollutant Discharge Elimination System (NPDES) permit. Permit conditions 
may require the City to adopt and implement an I/I Reduction Program. 

With anticipated growth and additional service connections, the City may have to expand its 
I/I Reduction Program to reduce system overflows and to limit the total flow to the CCWWTP. 
The following sections include a review of I/I reduction methods, the recommended I/I 
Reduction Program, estimated program costs and timing, and the anticipated I/I reduction 
results. 
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Table 5.8 Summary of Subbasin Imperviousness 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Subbasin Total Area (acres) 
Impervious Area(1) 

(acres) 
Percent 

Imperviousness(1) 

EW1 2,992.58 186.00 6.22 

E2 5,079.30 214.10 4.22 

W1 2,173.53 126.40 5.82 

W3 108.58 26.60 24.50 

S1 135.34 21.40 15.81 

S5 84.31 7.50 8.90 

S3 313.51 64.20 20.48 

S4 121.84 19.50 16.00 

W2 4,177.28 633.90 15.17 

E3 2,671.57 268.90 10.07 

E1 5,261.39 85.40 1.62 

E6 2,912.82 188.70 6.48 

E4 5,779.72 257.40 4.45 

E5 2,631.36 401.10 15.24 

S2 186.47 0.40 0.21 

Total 34,629.60 2,501.50 7.22 
Notes: 

(1) Does not include road surfaces. 

5.7.1 EXISTING I/I REDUCTION PROGRAM 

The City began collecting flow-monitoring data, performing hydraulic modeling, deploying 
source detection techniques, and correcting identified problems in 2009. Basins with high I/I 
were targeted for a more detailed evaluation. Source detection methods included smoke 
testing, manhole inspections, video inspections, and visual inspections. 

5.7.1.1 CURRENT INFLOW AND INFILTRATION 

Flow projections in this WWSMP present the peak flows experienced in each of the City’s 
wastewater subbasins. These flows were developed from the flow monitoring data and 
hydraulic model. These peak flows were used to develop three important parameters for 
understanding I/I, as follows: 
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 Peaking Factor: Peaking factors are the ratio between peak flow and base sanitary 
flow and are commonly used for wastewater infrastructure design. These factors are 
derived by dividing the peak flow by the BSF for each basin. Due to the prolonged rainy 
season, most wastewater agencies typically experience peaking factors from two to 
ten, and in some cases more than ten. 

 Peak I/I Rate: The Peak I/I Rate is the peak flow rate of all non-sanitary flows. Peak I/I 
Rates are calculated by subtracting the base sanitary flow from the peak flow for each 
basin. These rates indicate how much peak I/I is coming from each basin. I/I rates are 
largely dependent on the contributing area of land; typical values are not available. 
Ideally, a wastewater system would have no I/I flows, but this is not practically 
achievable. 

 I/I Flow Factor: I/I flow factors represent the average amount of non-sanitary flows 
produced by an acre of land in each basin. I/I flow factors are calculated by dividing the 
peak I/I rate by the total contributing area of land in acres in each basin, in units of 
gallons per acre per day (gpad). An I/I flow factor of 1,500 gpad is commonly used for 
estimating I/I in areas of new development to reflect improved construction methods 
and integrity of new materials. Peaking factors and I/I flow factors are the most 
common parameters used to evaluate I/I. 

Figure 5.10 presents the ranking developed from I/I flow parameters for each basin. The I/I 
parameters vary greatly among the basins; peaking factors range from 1.7 to 11. The high I/I 
parameters indicate large amounts of inflow or infiltration in the subbasins. Subbasins with 
the highest peaking factors and I/I flow factors include E3, E4 and W2. 

5.7.2 Inflow versus Infiltration 

To effectively reduce I/I in a wastewater system, it is useful to identify how much inflow 
versus infiltration is experienced in each basin. This is important because the methods used 
to reduce inflow differ from methods used to reduce infiltration. During the hydraulic model 
calibration, I/I modeling parameters were established for each wastewater basin that 
correspond to basin flow monitoring data. These parameters differ from the I/I parameters 
discussed above; they indicate how rapidly the basin responds to rain events, giving an 
indication of the quantity of inflow versus infiltration. A faster response to a storm event 
indicates inflow in the form of direct connections from roof drains, storm drains, etc. A slower 
response to a storm event indicates infiltration in the form of rainwater slowly seeping 
through the ground and eventually entering the wastewater system. 

The I/I modeling parameters are based on the calibration data. From the data, the area that 
is assumed to be impervious (leading to inflow) and pervious (leading to infiltration) was 
calculated for each basin. Figure 5.10 presents these parameters and their percent of the 
total developed basin. It is important to note that the total impervious and pervious areas are 
mathematical equivalents used in the model and should not actually sum to the total acreage 
in the basin. Based on the City’s regulations that disallow direct drainage connections to the  
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wastewater system, the total impervious area contributing flow should be zero. As seen in 
the table, several of these values are over one percent. An industry standard goal for 
wastewater system modeling is to have the total pervious area contributing flow be less than 
10 percent. 
 

Table 5.9 Percent I/I Reduction for Specific Techniques 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Technique Percent Basin Rehabilitated 
Percent I/I 
Reduction 

1. Direct disconnects 4  10 

2. Replace everything and direct 
disconnects 

95 Interceptor 80 

95 Manholes  

95 Laterals & Private Service 
Line 

 

4 Direct Disconnects  

3.  Replace public sewers and direct 
disconnects 

50 Interceptor 40 

50 Manholes  

50 Laterals  

4 Direct Disconnects  

4. Replace private property and 
some laterals and direct 
disconnects 

50 Laterals & Private Service 
Line 

60 

45 Private Service Line Only  

4 Direct Disconnects  

Notes: 

(1) Source: King County Regional I/I Control Program Benefit/Cost Analysis Report, Earth Tech 
Team, November 2005, p. 3-30. 

5.7.3 Inflow and Infiltration Reduction Methods 

Reduction of I/I in wastewater systems can be a difficult and costly task to undertake. 
Identifying specific sources, developing metrics for tracking the effectiveness of reduction 
techniques, and balancing the cost against capacity projects are all major challenges. 

Many small and large-scale programs for reducing I/I have been conducted over the last few 
decades as pressure to reduce overflows has increased. One of the best sources of I/I 
reduction data in the northwest is a study by King County, Washington, which began a 
Regional I/I Control Program in 1999. The program began with pilot-tests of I/I reduction 
techniques in nine sample basins. The results of their ongoing study provide useful 
information to wastewater agencies in the northwest. Some local agencies, such as the City 
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of Portland Bureau of Environmental Services, are relying on the results of the King County 
program to address I/I in their wastewater systems. The following sections describe I/I 
reduction methods, and some of the latest results from the King County I/I study. Even 
though this utility is in the northwest part of the country, the techniques can still be applied to 
Edmond to achieve reasonable I/I reduction. 

5.7.4 Sanitary Sewer Evaluation Surveys 

The first step in reducing I/I is to perform a study of the targeted wastewater basins through 
what is commonly called a Sanitary Sewer Evaluation Survey (SSES). SSESs include 
isolating the locations and identifying the sources of I/I so that appropriate I/I reduction 
methods are selected. 

After completing nine pilot projects focusing on I/I reduction, King County publicized the 
following results regarding SSES1: 

 Sources and volumes of I/I can be identified through comprehensive wet-weather flow 
monitoring. 

 SSESs (specifically closed circuit television [CCTV] inspections) are most effective 
when done in the wet-weather season. 

 A high percentage of I/I tends to originate inside sewers and laterals. 

5.7.4.1 Isolate Location 

The first step in an SSES is to isolate areas of high I/I. This effort begins at the basin level, 
and through flow monitoring, is narrowed down to “mini-basins.” Investing in initial flow 
monitoring at the mini-basin level can greatly decrease rehabilitation costs. This is because 
additional flow monitoring can identify areas with low I/I, thereby eliminating them from the 
rehabilitation program. 

A recent side-by-side project comparison by ADS Environmental Services2 shows that 
increasing initial flow monitoring to isolate mini-basins to the 10,000 linear foot size provides 
the optimum return on investment for flow monitoring expenses compared to the cost of 
rehabilitation. 

5.7.4.2 Source Identification 

The next step in an SSES is to identify the sources as closely as possible. Inflow and 
infiltration have many causes such as connected foundation drains, downspouts, leaking 
pipes, and leaking manholes. Inspection methods to identify I/I sources commonly include 
the following: 

                                                 
1 Regional Infiltration and Inflow Control Program Pilot Project Report, King County, Washington, 

October 2004, p. 1-8 
2 “Recipe for Successful Measurement of RDII” Webinar by Patrick L. Stevens, ADS Environmental 

Services, February 15, 2011 
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 Smoke testing. 

 Flow Isolation (monitoring nightly flows in adjacent manholes to identify sources). 

 Mainline closed-circuit television (CCTV) inspection. 

 Lateral/side sewer CCTV inspection. 

 Visual inspection of manholes. 

5.7.5 Reduction Techniques 

Once an SSES is completed for a basin, the appropriate reduction techniques can be 
selected. Common techniques for reducing I/I include the following: 

 Direct Disconnects: This includes disconnecting roof downspouts, yard drains, 
foundation drains, stormwater catch basins, and/or any connection to the wastewater 
system causing inflow. Disconnection of these items may require additional provisions 
for stormwater drainage. 

 Replacement or Repair (R&R) of Pipes: This includes replacing or repairing public 
wastewater pipes, typically due to poor condition, root intrusion, and disconnected 
joints. Options for replacing pipes include open-cut trench construction or using 
trenchless technologies, such as pipe bursting or cured in-place pipe (CIPP). These 
options need to be assessed for local conditions, such as pipe condition, adjacent 
utilities, and soil type. 

 Replacement or Repair (R&R) of Manholes: Several options exist for sealing 
manholes and preventing infiltration through faulty joints and cracks. Alternatives 
include grouting, coating, installing a liner, and/or applying an external sealant. 

 Replacement or Repair (R&R) of Laterals and Side Sewers: This includes replacing 
or repairing laterals and side sewers due to poor condition and the presence of 
infiltration. Faulty side sewers and laterals are known to be large contributors of I/I. 
Identifying and repairing multiple faulty laterals and side sewers on private property can 
be more difficult and expensive than repairing a public wastewater pipe. Because of 
their location on private properties, replacing or repairing side sewers involves the 
cooperation of property owners. Methods for repairing or replacing laterals and side 
sewers are similar to those described for public pipes. Trenchless technologies, which 
are less obtrusive than open-cut trenches are effective for replacing laterals and side 
sewers while minimizing impacts to landscaping and driveways. 

5.7.6 Evaluation of Techniques 

The effectiveness of employing I/I reduction techniques will vary for each wastewater system; 
it will also largely depend on correctly identifying the major sources of I/I in a particular 
location. In 1999, the City relined and replaced the majority of wastewater collectors in the 
Lakewood Basin. However, this basin is currently showing the highest peaking factors in the 
wastewater system. 
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After completing nine pilot projects focusing on I/I reduction, King County publicized the 
following results regarding I/I reduction techniques: 

 I/I can be reduced through sewer rehabilitation. 

 Very little I/I reduction will likely result from manhole rehabilitation alone. (For this 
reason, replacing or improving manholes is not recommended as a cost-effective 
method for I/I reduction and is not included in the recommendations that follow.) 

 Success of I/I control projects depends on a high level of cooperation with local 
agencies and private property owners. 

 Rehabilitating sewer mains at the same time that side sewers and laterals are 
rehabilitated may be done for a relatively small increase in cost. 

King County used the results of the Regional I/I Control Program Pilot Project to develop a 
Benefit/Cost Analysis Report, in which the effectiveness of specific I/I reduction techniques 
(or combinations thereof) were summarized. Table 5.9 presents the resulting percent I/I 
reduction for each of these techniques given the percent of the basin rehabilitated. As seen 
in the table, focusing on private property side sewers with some direct disconnects 
(Technique 4) resulted in more I/I reduction than rehabilitating public sewers (Technique 3). 

5.7.6.1 Flow Monitoring 

Evaluating the effectiveness of I/I techniques requires flow monitoring data that can show the 
reduction in peak flows before and after a method is implemented. The quantity of I/I reduced 
can be compared to the cost of the I/I reduction technique to evaluate its cost-effectiveness. 
It is best to collect flow-monitoring data for several months in the wet weather period, and for 
at least one month in the dry weather period, before and after an I/I reduction technique has 
been implemented. Pre-implementation flow monitoring is commonly done as part of the 
SSES. After implementing an I/I reduction technique, it is recommended that flow monitoring 
be completed in the wet weather period to quantify reductions. 

5.8 RECOMMENDED PROGRAM 

An I/I Reduction Program is recommended for the City for several reasons. First, the high 
existing infiltration quantities indicate an aging system in need of additional R&R. An I/I 
Reduction Program is a critical investment in restoring the condition and increasing the asset 
value of the City’s wastewater infrastructure. Second, many of the recommended 
conveyance and treatment improvement projects in the CIP were not sized to include I/I 
reduction. If I/I is not reduced, the improvement projects alone will actually increase peak 
flows at the CCWWTP because they remove some hydraulic restrictions in the system. I/I 
reduction along with the capacity improvement projects may be required to prevent 
surcharging in the system and to lower the peak flow at the WWTP. I/I reduction will also 
reduce the peak flows anticipated at the City’s pump stations, thereby decreasing pump 
operation time resulting in energy savings. 
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The following sections describe the recommended basin prioritization, target I/I reduction, 
selected I/I reduction techniques, estimated program costs, recommended phasing, and 
anticipated results. 

5.8.1 Basin Prioritization 

Earlier in Section 5, several infrastructure projects were recommended to address overflows 
anticipated in the hydraulic model assuming no I/I reduction. The model was then used to 
evaluate I/I reduction in specific basins to reduce overall peak flows and to minimize the 
need for capacity improvement projects. 

Wastewater basins were prioritized for I/I reduction according to how critical I/I reduction is to 
the rest of the wastewater system. To reduce peak flows and the required infrastructure 
improvements, the basins were prioritized into two groups, as follows: 

 Priority A: E3 

 Priority B: E4, E5, and W2 

 Priority B: Rest of the subbasins 

The Priority A subbasin are recommended as the highest priority for I/I reduction. The peak 
flows from these basins are shown to have the highest impact on the collection system. 

The Priority B Basins are recommended as the second priority for I/I reduction. I/I reduction 
in these subbasins is recommended to address high peak flows, peaking factors, and I/I flow 
factors, as well as continue to decrease peak flows in the collection system and at the 
CCWWTP. 

5.8.2 Target I/I Reduction 

Table 5.10 presents the target I/I reduction in terms of percentage of I/I for each subbasin. 
These values are the result of several iterations in the hydraulic model to achieve the desired 
results for reducing peak flows and minimizing capacity improvement projects. Targeted I/I 
reduction was developed for each subbasin that was included in the flow monitoring in 2009. 

5.8.3 I/I Reduction Techniques 

It is recommended that SSESs be performed for each of the priority basins to isolate the 
causes of I/I and select the appropriate I/I reduction technique(s). The recommended I/I 
Reduction Program herein includes several assumptions based on the current available 
information for each basin. The I/I reduction techniques shown in Table 5.9 were used as a 
starting point to achieve the target I/I reduction percentage for each subbasin. 
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Table 5.10 Selected I/I Reduction Technique and Target 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Basin Recommended I/I Reduction 

Technique 
Reduction 
(Percent) 

Portion of Basin to 
Apply Technique 

Priority A    

E3 Replace public sewers and 
direct disconnects 

40 100 

Priority B    

E5 Replace public sewers and 
direct disconnects 

40 63 

W2 Replace public sewers and 
direct disconnects 

40 63 

Priority C    

E1 Replace public sewers and 
direct disconnects 

10 100 

EW1 Replace public sewers and 
direct disconnects 

10 100 

E2 Replace public sewers and 
direct disconnects 

10 100 

E5 Replace public sewers and 
direct disconnects 

10 100 

E4 Replace public sewers and 
direct disconnects 

10 100 

E6 Replace public sewers and 
direct disconnects 

10 100 

Notes: 

(1) Source: King County Regional I/I Control Program Benefit/Cost Analysis Report, Earth Tech 
Team, Nov. 2005. 

5.8.4 Permanent Flow Meters 

Permanent flow meters are recommended for several basins to provide ongoing flow 
monitoring, as shown in Table 5.11. Subbasins with high I/I flow factors and overall high peak 
flows were selected. The cost estimates discussed later in this section assume that 
permanent flow meters are in place for 20 years and are maintained and monitored by an 
external service provider, not City staff. 
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Table 5.11 Recommended Permanent Flow Meters 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Subbasin Number of Permanent Flow Meters Recommended 

E3 2 

E5 1 

W2 1 

5.9 PROGRAM COST & TIMING 

The I/I reduction techniques and cost estimates presented in this chapter are assumptions 
used for developing a sound approach and long-term costs for the I/I Reduction Program. 
Cost estimates were developed for each basin. The estimates include costs for the SSESs, 
permanent flow meters, I/I reduction projects, and program administration. Costs are at a 
planning level and should be refined as project- and site-specific requirements are further 
developed. 

The I/I reduction project costs include assumptions for either public sewer main replacement, 
lateral replacement, side sewer replacement, direct disconnects, or a combination thereof to 
match the techniques described in Table 5.12. Because it is unknown what technique will be 
employed in each subbasin until the SSES is completed for each subbasin, an average cost 
for all the methods was used. Thus, the cost for each subbasin is the average cost of 
applying each technique for that subbasin. The only exception to this is the lowest priority 
basins that only require a 15 percent I/I reduction; for these basins, only Technique 1 was 
applied. 

It is expected that the selected techniques and final costs will be refined as the City begins 
performing SSESs, evaluating results, and implementing the program for other basins. It is 
anticipated that additional flow monitoring, as recommended herein, and SSESs will help to 
isolate locations of I/I and thereby reduce the overall cost of the program. 

5.9.1 Assumptions 

The following assumptions were used to develop the cost estimates for each basin’s I/I 
reduction program: 

 The number of laterals per basin is assumed to be equal to the number of tax lots 
connected to the wastewater system in that basin. 

 The average length of a lateral is assumed to be 65 feet. The average length of a side 
sewer is assumed to be 25 feet. 

 The percentage of pipes, laterals (from right-of-way to sewer main), side sewers (from 
building to right-of-way), and direct disconnects to be impacted by Techniques 1 
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through 4 are applied to the total length of pipes, laterals, and side sewers in each 
basin multiplied by the percent basin to be targeted (last column in Table 5.10). 

 

Table 5.12 Unit Cost Estimate Assumptions 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Item Element Unit Cost 

Sanitary Sewer 
Evaluation 
Survey(1) 

CCTV Inspections by City, with City-owned equipment $0.50/LF 

Smoke Tests/ Flow Isolation $1.00/LF 

Temporary Flow 
Monitoring(1) 

Installation $1,000 Ea 

Monthly Rental Fee $500 Ea/Mo 

Monthly Maintenance & Data Analysis $800 Ea/Mo 

Permanent Flow 
Monitoring(1) 

Purchase & Installation $1,500 Each 

Annual Maintenance $2,500 Ea/Yr 

I/I Reduction 
Projects 

Direct Disconnects(2) $3,700 Each 

Replace Wastewater Mains(3) $72/LF 

Replace Manholes(2) $4,400 Each 

Replace Laterals(2) $4,800 Each 

Replace Side Sewers(2) $4,300 Each 

Replace Laterals & Side Sewers(2) $8,300 Each 

Notes: 

(1) Costs from ADS Environmental Services 
(2) Costs updated from King County Regional I/I Control Program Benefit/Cost Analysis Report, Earth 

Tech Team, November 2005, p. 3-33. 
(3) Costs from recent pipe bursting bid tab at City of Gresham 12/2010, escalated to June 2012. 
(4) Ea = Each, LF = Linear Foot, Yr = Year, Mo = Month 

 The total number of feet of pipe to be included in CCTV inspections, smoke testing, 
and flow isolation is assumed to be 50 percent of the total length of all mains, laterals, 
and side-sewers to be impacted by the selected technique. This assumption reflects 
the concept that additional flow monitoring will reduce the required amount of physical 
inspections by 50 percent. 

 The number of direct connections is assumed to be two per 1,000 linear feet (LF) of 
wastewater piping. 

 Pipe bursting is assumed to be used for repair and replacement of pipes. 
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 Permanent flow meters are assumed to be in place for 20 years. 

 Temporary flow monitoring assumes six months of wet-weather and one month of dry 
weather flow monitoring. 

5.9.2 Unit Costs 

Table 5.12 summarizes the estimated unit costs for the SSES, permanent flow monitoring, 
and I/I reduction projects. The unit costs were multiplied by the quantities of each element 
assumed for each subbasin. 

5.9.3 I/I Reduction Project Cost Assumptions 

The direct costs for the I/I reduction projects were increased by several cost factors to 
achieve the total project costs, as follows: 

 30 percent estimating contingency; 

 10 percent general conditions; 

 15 percent contractor overhead and profit; and 

 20 percent engineering, legal, and administration (ELA) costs. 

These mark-ups were not applied to the Direct Costs for the SSESs or permanent flow 
monitoring. 

5.9.4 Total Program Cost Assumptions 

The total program costs are the sum of the costs for the SSES, permanent flow monitoring, 
I/I reduction projects, and program administration for each basin. Program administration 
was assumed to be an additional two percent. Program administration includes costs 
associated with consultant fees and City staff time to oversee the SSESs, refine the 
recommended programs for each basin, evaluate the effectiveness of I/I reduction 
techniques, and public education/outreach. 

Table 5.13 presents the costs for the SSES, permanent flow meters, total project costs, and 
total program costs. As seen in the table, the recommended I/I Reduction Program requires a 
significant investment to achieve the needed reduction in peak flows. 

5.9.5 Program Phasing 

All of the I/I reduction projects identified herein are required to meet the City’s overflow 
criteria and are recommended to be implemented as soon as practical. It is assumed that the 
City will require at least ten years to implement the Priority A Basin projects and achieve  
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Table 5.13 I/I Reduction Program Cost Estimate 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Priority 
Level Basin SSES 

Permanent 
Flow 

Monitoring 

I/I 
Reduction 
Projects 

Program 
Administra

tion 

Total 
Program 

Cost 

A E3 $89,000 $103,000 $9,865,000 $201,000 $10,258,000

Total Priority A $10,258,000

B E5 $62,000 $52,000 $6,755,000 $100,000 $6,969,000

B W2 $104,000 $52,000 $3,876,000 $190,000 $4,222,000

Total Priority B $11,191,000

C E1 $18,000 $0 $28,000 $2,000 $48,000

C E2 $18,000 $0 $25,000 $2,000 $45,000

C E4 $36,000 $0 $83,000 $5,000 $124,000

C E6 $24,000 $0 $57,000 $3,000 $84,000

C EW1 $18,000 $0 $28,000 $2,000 $48,000

C W1 $12,000 $0 $20,000 $2,000 $34,000

Total Priority C $383,000

Total I/I Reduction Cost $21,832,000

the I/I reduction targets for each basin. However, the City may wish to implement the I/I 
Reduction Program in phases in order to gage the effectiveness and cost-benefit of specific 
I/I reduction techniques for the City’s wastewater system. It is recommended that the City 
proceed with the highest priority I/I reduction basins, evaluate the results, modify the 
techniques to achieve the best cost-to-benefit results, and, using the results, expand the 
program to the other priority basins. 

5.10 SUMMARY 

The City has exceptionally high inflow and infiltration as indicated by the current system I/I 
Flow Factors and Peaking Factors. This indicates aging infrastructure and results in high 
peak flows at the City’s pump stations, in the collection system, and at the CCWWTP. 
Capacity Improvements identified several capacity improvement projects to reduce SSOs. 
However, these projects alone are not sufficient to meet the City’s criteria of eliminating all 
SSOs under storm events greater than 10-year storm event. The recommended I/I 
Reduction Program outlined herein was evaluated in the hydraulic model concurrently with 
the capacity projects outlined earlier. The model predicts that the recommended 
improvement projects and I/I Reduction Program together reduce peak flows in the 
wastewater system such that SSOs are avoided under the 10-year 24-hour storm event. 
Implementing an I/I Reduction Program is recommended to improve the collection system 
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infrastructure, reduce peak flows, and comply with the City’s previous agreements to 
manage I/I. 

Table 5.14 summarizes the recommended I/I Reduction Program. Basins were prioritized to 
reduce peak flows contributing to the interceptors and meet the City’s overflow criteria. The 
recommended program is based on several assumptions about the effectiveness of I/I 
reduction techniques. It is recommended that the City begin the program in the highest 
priority basins. The specific I/I reduction technique to be used in each basin should be 
identified after the SSES is complete. It is recommended that the City collect data to 
evaluate the effectiveness and cost of the various techniques applied. The resulting data 
should be used to inform the I/I reduction techniques for the remaining basins. 
 

Table 5.14 I/I Reduction Program Summary 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Subbasin Priority 
I/I Reduction 

Target (percent) I/I Reduction Method 

E3 A 100 Replace public sewers and direct 
disconnects 

E5 B 63 Replace public sewers and direct 
disconnects 

W2 B 63 Replace public sewers and direct 
disconnects 

E1 C 100 Direct disconnect; Roof drains, driveway 
drains, area drains, etc.  

E2 C 100 Direct disconnect; Roof drains, driveway 
drains, area drains, etc. 

E4 C 100 Direct disconnect; Roof drains, driveway 
drains, area drains, etc. 

E6 C 100 Direct disconnect; Roof drains, driveway 
drains, area drains, etc. 

EW1 C 100 Direct disconnect; Roof drains, driveway 
drains, area drains, etc. 

W1 C 100 Direct disconnect; Roof drains, driveway 
drains, area drains, etc. 

The I/I Reduction Program consists of performing SSESs, installing permanent flow 
monitoring, implementing I/I reduction projects, and overall program administration. The 
cost estimates reflect these four components. It is anticipated that the costs of this program 
will be reduced through additional SSESs and flow monitoring data. 

The recommended I/I Reduction Program is not included in the CIP, presented later in this 
report. The I/I Reduction Program is not included in the CIP because of the uncertainties 
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involved in implementing this program. It is recommended that the I/I Reduction Program 
Priority A subbasins be implemented over the next 10 years, as funds are available. 
Priority B Basins are recommended for the long-term. 
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Chapter 6 

WASTEWATER TREATMENT AND RESIDUALS HANDLING 
BASELINE CIP 

6.1 EXISTING TREATMENT FACILITIES 

6.1.1 General 

The City operates a single wastewater treatment plant to treat domestic sewage and waste 
flows from the service area population, generally within the city limits. The Coffee Creek 
Wastewater Treatment Plant (CCWWTP), located in eastern Edmond, was originally 
constructed in 1972 as a two-stage aeration system, consisting of two first-stage aeration 
basins and clarifiers, and two second-stage aeration basins followed by two flocculating 
clarifiers. For final treatment, secondary effluent from the flocculating clarifiers was sent to 
an on-site tertiary lagoon before discharging to Coffee Creek that flows to the Deep Fork of 
the Canadian River, two miles downstream of the outfall from Arcadia Lake. 

In 1987, Phase II of the treatment facilities was constructed to include various 
improvements and a second treatment train of activated sludge facilities. These facilities 
included a headworks facility, with screenings and grit removal for preliminary treatment; 
two oxidation ditches, followed by two secondary clarifiers; tertiary effluent filters, and 
chlorine contact facilities for disinfection. A third treatment train, referred to as Phase III, 
with parallel activated sludge facilities similar to the Phase II facilities was added in 1994. 
The treatment facilities are shown in an aerial on Figure 6.1. 

The following sections describe the CCWWTP site and facilities in further detail. 

6.2 EXISTING COFFEE CREEK WASTEWATER TREATMENT 
PLANT SITE 

6.2.1 Site Location 

The CCWWTP is located in eastern Edmond, in an area of the City that is largely 
undeveloped. The address for the treatment plant site is 1600 N. Midwest Blvd in Edmond, 
OK, which is in located in the SW 1/4 of Section 23, Township 14 North, Range 2 West in 
Oklahoma County, Oklahoma. Figure 6.2 shows the approximate location of the plant within 
the city limits. Coffee Creek runs in a northeasterly direction on the northeast side of the 
wastewater treatment plant (WWTP). 

6.2.2 Existing Surface and Sub Surface Site Conditions 

All of the original and previous expansion facilities are located on the current site described 
above. All of the proposed new construction for future expansions is also anticipated to be 
located on this site.
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6.2.3 Proximity to Habitation 

The site is located in what historically has been a relatively rural area. However, single-
family dwelling units are encroaching upon the east and west limits of the site. A 
recreational softball field is located just northwest of the site. Approximately 1.5 miles south 
of the WWTP site is the Arcadia Lake and lake area, which is a highly utilized recreational 
and residential location. 

6.2.4 Proximity to Water Supply Structures 

The City’s water treatment facility, the Arcadia Lake WTP, is located on the east side of 
Arcadia Lake toward its north end. Treated effluent from the CCWWTP discharges into 
Coffee Creek. From Coffee Creek, treated effluent flows to the Deep Fork of the Canadian 
River, approximately two miles downstream of the intake for the Arcadia Lake WTP. 
Currently, no treated effluent discharges occur upstream of the WTP intake. However, the 
City is considering augmentation of the lake with treated effluent from the CCWWTP, as 
detailed in Chapter 3 of this report. 

6.2.5 Site Aesthetics 

All of the treatment basins on the CCWWTP site are open to the atmosphere, including the 
sludge lagoons located on the east edge of the site. Plant staff have reported summertime 
complaints of odors from residential areas, which appear to be generated from the sludge 
lagoons. Odors are not apparent during most other times of operation. 

The site is fenced to provide security and limited access. The grounds are landscaped and 
grass is maintained within the fenced area of the site. A paved roadway provides vehicular 
access to all of the processes on the site. Concrete sidewalks are furnished for pedestrian 
traffic to the major facilities. 

6.2.6 Flooding Potential 

The CCWWTP is located along Coffee Creek, which is tributary to the Deep Fork River. 
The December 18, 2009 Flood Insurance Study for Oklahoma County, Oklahoma, prepared 
by the Federal Emergency Management Agency (FEMA), and in the flood insurance rate 
map, (FIRM), developed for Oklahoma County (Map No. 40109C0070H, same date) were 
reviewed for the treatment plant site and associated outfall. Information on these maps 
applicable to evaluating the flooding potential of the CCWWTP, includes base flood 
elevation, floodplain limits. This information is shown on Figure 6.3. 
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The existing finished grade elevation at the CCWWTP site varies from 984 feet at the 
northeast corner of the treatment facility (near Sludge Pond No. 3) to 1037 feet toward the 
south end of the treatment facility. The invert of the effluent Parshall flume, which is the final 
structure upstream of the WWTP outfall, is set at elevation 988.75 feet. The 100-year flood 
elevation near the WWTP site is approximately 995 feet. All structures at the WWTP were 
designed with a top of wall elevation higher than 995.0 feet. Thus, it is assumed that the 
treatment facilities would not become flooded in a 100-year flood event. However, the invert 
of the effluent Parshall flume is lower than the 100-year flood elevation at the plant outfall. 
For this reason, it can be assumed that the process hydraulics would be directly impacted 
by the 100-year flood event.  

Under normal conditions, Plant staff reports that Coffee Creek flows at a level  
12 to 15 feet below the invert of the outfall pipe, which is at elevation 981.00. 

6.3 EXISTING TREATMENT FACILITIES 

6.3.1 General Description of Existing Facilities 

The CCWWTP includes preliminary treatment, secondary treatment, tertiary treatment, 
seasonal disinfection, and solids handling. The preliminary treatment consists of screenings 
removal, a grit removal system that is currently out of service, and flow metering. 
Secondary treatment consists of the extended aeration process through one of three 
treatment trains. The first treatment train, referred to as Phase I, includes biological 
oxidation in one of two first stage aeration basins equipped with a surface aerator, two first 
stage clarifiers followed by two second stage aeration basins and two flocculating clarifiers. 
However, it is the City’s desire to no longer use the Phase I treatment facilities for 
secondary treatment because the existing facilities are not conducive to the activated 
sludge process. 

The remaining two treatment trains are identical in their processes. Each includes two 
oxidation ditches with brush aerators and two final clarifiers. Tertiary treatment is 
accomplished through effluent filtration; followed by disinfection utilizing chlorine gas. 
Residual chlorine in the effluent is removed by sulfur dioxide addition. The excess or waste 
activated sludge (WAS) is partially treated in a converted aeration basin operating as an 
aerobic digester, followed by continued digestion in one of three sludge lagoons, followed 
by decanting in a separate pond. Following digestion in one of the lagoons for a period of 
one year, the biosolids are beneficially reused by direct land application on regional 
farmlands. 

Figure 6.4 shows a liquid process schematic of the existing CCWWTP processes. The 
hydraulic and process capacities of each of the existing WWTP components is discussed in 
further detail below. 
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6.3.2 Hydraulic Capacity Evaluation 

The Phase I facility will not be considered for future use thus, the hydraulic conditions 
through the two remaining treatment trains of the CCWWTP were modeled, using Carollo’s 
Hydraulix™ model, at several flow conditions, ranging from 6.5 to 15.0 mgd, both with all 
treatment basins in service, and also with one treatment basin out of service to evaluate 
firm treatment capacity. The results of this modeling exercise, at the average and peak 
design flows of 7.5 and 12.0 mgd, respectively, are shown graphically in a hydraulic profile 
on Figure 6.5. 

Hydraulic computations in the computer model are used to evaluate head loss through 
piping and each treatment basin using empirical methods. The hydraulic model was 
calibrated, based on field survey data measured at existing tops of walls, as well as weir 
and water surface elevations (WSEs) at most of the treatment basins throughout the 
WWTP in the field by the Engineer, to verify the accuracy of the computed model. 
Significant differences in measured values of WSE in comparison to model results are often 
the result of differences in structural elevations due to settlement, as well as actual flow 
conditions in existing piping. 

The field calibration data were correlated with the influent flow rate to the WWTP as 
determined from the operation of the influent pumping facilities observed and recorded 
during the field survey for comparison with results of the model at the same flow conditions. 
Plant staff were able to maintain a constant influent flow rate by controlling the speed of the 
influent pumps to the WWTP during the field measurements for proper calibration of the 
model. As shown on the hydraulic profile the modeled WSE values compared closely to the 
original design values, with the exception of the Parshall flume. 

Various flow scenarios were modeled through the plant to determine if there were any 
hydraulic bottlenecks in the treatment stream. In these scenarios, the flow rate was 
increased in 1-mgd increments until individual components reached hydraulic capacity. (i.e. 
weirs flood, flumes submerge, freeboard less than 1 foot, etc.). This exercise was 
performed under two different conditions. The first condition assumed that flow was split 
evenly between all treatment basins and processes (for Phases II and III treatment trains), 
while the second condition assumed that one basin or process, such as a clarifier basin, 
effluent filter, or disinfection channel, was out of service. For components where there is 
only one basin or process, such as the final effluent Parshall flume, the total flow was 
directed through that component regardless of the scenario. The resulting influent flow rates 
at which respective treatment basins reached their hydraulic capacity are shown in 
Table 6.1 below for both scenarios. 
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Table 6.1 Unit Process Hydraulic Capacity 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Structure / Process 
Maximum Capacity (1)(2) 

(mgd) 
Firm Capacity (1)(3) 

(mgd) 

Chlorine Contact Basin, Inlet 10.5 9.5 

Effluent Filters, Inlet & Outlet 13.0 12.0 

Effluent Parshall Flume 13.0 13.0 

Screw Pump Distribution Box 14.5 14.5 

Oxidation Ditch Influent Distribution Boxes 14.5 14.5 

Notes: 

(1) Expressed in terms of plant influent flow rate. 
(2) Assumes that all basins or processes are in service. 
(3) Assumes that the largest basin or process is out of service, where possible. 
(4) Hydraulic calculations include RAS recycle flow equal to 118 percent of influent flow. 

The results of the hydraulics analysis show that, based on the weir elevation used in the 
model for the inlet channel of the Chlorine Contact Basin (el. 994.50), the level of freeboard 
below the top of weir drops slightly below 1 foot at an influent flow rate of 10.5 mgd with 
both disinfection channels in service. As the influent flow continues to increase, the amount 
of freeboard decreases, but not less than 8 inches at the maximum influent flow rate 
evaluated, 15 mgd. At 14.5 mgd, additional structures start to experience a reduction in 
freeboard below 1 foot. These include the upstream end of Filters Nos. 5 – 8, and the 
upstream end of the effluent Parshall flume structure. 

During the second evaluation, with one basin out of service, it was assumed that one of the 
following basins was out of service and the remaining flow pushed through the treatment 
basins remaining in service: one secondary clarifier, one effluent filter, and one channel of 
the Chlorine Contact Basin. This analysis yielded results similar to the evaluation with all 
basins in service, with the first structure to experience a decrease in freeboard being the 
upstream end of the Chlorine Basin. However, at or above influent flows of 14.5 mgd, the 
upstream end of Effluent Filters Nos. 5 – 8 are shown to overflow the tops of their walls. 
According to Oklahoma Department of Environmental Quality (ODEQ) regulations (ref 
Title 252:656-23-1.c), tertiary filters shall be designed to handle the maximum design flow 
with the largest unit out of service. Thus, if peak influent flows to the WWTP are expected to 
exceed 14 mgd, additional effluent filtration capacity may be required unless the 
downstream hydraulic conditions are modified to decrease headloss through the filter inlet 
gate and channels. 
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6.3.3 Process Capacity Evaluation 

The different unit processes in the activated sludge process are impacted by different 
variations in flow rate and mass loading. Thus, each process is designed and evaluated 
based on a specific design factor that is critical to its successful performance. Table 6.2 lists 
the different unit processes at the CCWWTP and the respective critical design factor(s) and 
criteria used to evaluate each process. 
 

Table 6.2 Unit Process Sizing Criteria 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Unit Operation/Process Critical Design Factor(1) Sizing Criteria(1) 

Influent Pumping PH Flow Flow Rate 

Influent Screening PH Flow/Min. Flow Flow Rate/Channel 
Approach Velocity 

Grit Removal PH Flow Detention Time, Settling 
Velocity & Horizontal 
Velocity 

Activated Sludge (Aeration 
Basins) 

MMAD Flow & Organic 
Loading 

HRT & F:M 

Secondary Clarification PH Flow & Organic 
Loading 

Surface Overflow Rate & 
Solids Loading Rate 

Effluent Filtration PH Flow Filtration (Loading) Rate 

Chlorine Contact Basin PH Flow Detention Time 

Notes: 

(1) From Table 5-10, Metcalf & Eddy, unless otherwise noted. 
(2) Based on ODEQ regulations 252-656-23-1.c. for high-rate effluent filtration 
(3) PH = Peak Hour; MMAD = Max Month Average Day; HRT = Hydraulic Residence Time; F:M = 

Food to Microorganism ratio. 

6.3.3.1 Influent Pumping 

Influent flow to the CCWWTP is conveyed to the plant through one of two large lift stations 
(LS) at the downstream end of the City’s sanitary sewer collection system, the Spring Creek 
LS or Coffee Creek Plant LS. These lift stations are discussed in further detail in Chapter 5 
of this report. The Spring Creek LS has an estimated rated maximum capacity of 3,600 
gpm, and includes flow from several upstream lift stations and sewers in the City’s 
collection system. Flow from the Spring Creek LS is transmitted to the CCWWTP to the 
influent box of the Headworks facility through a dedicated 18-inch ductile iron pipe (DIP). 

The Coffee Creek Plant LS, located near the north end of the WWTP site, transmits an 
estimated maximum rated capacity of 4,800 gpm directly to the Headworks facility through 
an 18-inch DIP as well. 
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Based on the maximum capacity of each influent pumping station to the WWTP, the WWTP 
has a maximum rated influent pumping capacity of 8,400 gpm, or 12 mgd. 

6.3.3.2 Excess Flow Facilities 

The CCWWTP has an existing Bypass Holding Pond for flow attenuation during peak flows. 
Overflows from the Coffee Creek Plant LS can bypass the lift station through a 24-inch pipe 
directly to the Holding Pond. Overflow basins also are integral to several of the upstream lift 
stations in the collection system (discussed in Chapter 5), including the Spring Creek LS. 
The earthen basin at the Spring Creek LS site has an estimated capacity of 8.5 MG. The 
primary purpose of these overflow facilities is to provide storage of peak wet weather 
influent flows during times when influent flow exceeds the treatment capacity 

The Bypass Holding Pond at the WWTP consists of an earthen basin designed at a 
capacity of 3.7 MG, with a maximum water level of 6.5 feet above the bottom of the basin. A 
concrete headwall and flume were constructed during the 1987 expansion. A control box, 
including sluice gate, is located on the 24-inch line between the Coffee Creek Plant LS and 
the holding pond to control flow into and out of the pond from the lift station. Excess flows 
are also conveyed to the pond via an overflow weir at the upstream end of the Headworks 
facility and an 18-inch diameter pipe to the holding lagoon. A concrete sump flume is 
constructed at the outlet of the 18-inch pipe to guide flow into the pond without disrupting 
the earthen sloped sides. The holding pond is located adjacent to the existing Irrigation 
Pond. An 18-inch PVC pipe with headwall is also installed between these two basins to 
allow flow back and forth as necessary. 

During peak flow events, wastewater is diverted to the holding pond via a sluice gate 
located in a control box on the 24-inch diameter pipe from the Coffee Creek Plant LS to the 
pond. Flow into the influent box at the upstream end of the Headworks facility overflows 
over a weir wall above a certain flow rate and into the 18-inch overflow pipe, which flows by 
gravity into the pond as well. The retained wastewater is returned to the lift station after 
each peak flow event. The flow is conveyed to the holding pond prior to any screenings 
removal, thus flow retained in the pond includes inorganics and grit that often settle out in 
the bottom of the pond. 

6.3.3.3 Influent Screening 

Wastewater from the influent box of the Headworks facility discharges into a fine screen 
channel through a 36-inch electrically actuated upward opening sluice gate. When the 
sluice gate is out of service, wastewater flows to the screen channel through a 3.5-foot 
opening that is normally isolated with a stop plate. Due to problems with the electric 
actuator, the sluice gate currently remains closed and the wastewater is diverted through 
the stop plate opening. The fine screen in the Headworks channel was recently replaced 
and remains in good operating condition. However, in the event the water level upstream of 
the screen gets too high due to clogging by build up of screenings or the mechanical screen 
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is temporarily out of service, wastewater flows over a weir wall into a bypass channel for 
continuation to the downstream grit removal process. 

The clear screen velocity (i.e., velocity through the bars) is the primary criterion used to 
determine the capacity of a screen. Recommended values for clear screen velocity range 
between 3 and 5 ft/s. The lower range for clear screen velocity is as referenced in the 
Wastewater Engineering textbook by Metcalf & Eddy, while the higher range is 
recommended by the majority of screen manufacturers. Higher velocities allow the use of 
fewer bar screens but also lead to higher head loss through the screens and lower 
screenings removal efficiencies (due to solids being pushed through the bars).  

Assuming a maximum clear screen velocity of 5 ft/s to evaluate the capacity of the existing 
bar screen, and bar spacing of 1/4-inch, the capacity of the existing screen is 12 mgd.  

6.3.3.4 Parshall Flume 

Two parallel Parshall flumes with 9-inch throats are located in the flow channel immediately 
downstream of the fine screen for influent flow measurement. A flow level sensor and 
transmitter was also installed with the flumes for more accurate measurement of the flow, 
but according to plant staff, these flow instruments are not currently operational. 

Based on the nominal throat width of each flume, the Parshall flumes have a rated 
maximum capacity of approximately 4,000 gpm each, or 11.5 mgd total with both flumes in 
service (ref. Isco Open Channel Flow Measurement Handbook, 4th Ed., Grant & Dawson). 

6.3.3.5 Grit Removal 

Two aerated grit removal basins were installed downstream of the fine screen and influent 
Parshall flumes as part of the 1987 plant expansion. The basins are long rectangular 
channels with internal baffles. However, neither basin is currently in use. According to the 
2003 CCWWTP Facility Evaluation and Plan (MWH 2003), the grit basins have not been in 
use for more than ten years. The blower for the basins is also out of service and is 
disconnected, as are the air header pipes. A grit-screw was also installed in each chamber 
to collect solids. Because this equipment has not been used for some time, they have since 
become corroded and are, thus, inoperable.  

With the grit basins out of service, the wastewater is directed into a 30-inch grit basin 
bypass pipe to continue flow to the downstream treatment processes. The bypass pipe 
discharges to the common channel downstream of the grit basins, where flow is directed 
into another 30-inch pipe that terminates at the Screw Pump Distribution Box. 

The capacity of the grit removal process is based on peak hydraulic flow. According to 
published data, the capacity of this type of system is based mainly on detention time and air 
supply rate. The volume of grit per chamber assumes 100 percent removal of inorganic grit 
material. 
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Each basin is approximately 6 feet wide by 16 feet long and 14 feet deep with a sloped 
floor. The recommended range for detention time in an aerated grit chamber at peak hourly 
flow is 2-5 minutes, and air supply is required at a rate of 3.0-8.0 cu ft/min per ft of length 
(ref. ODEQ 252:656-13-2.c and Appendix A). The depth of water inside the basin, based on 
the effluent weir elevation, is 12.4 feet. Estimating an operating volume of 595 cu ft per grit 
chamber, and using the minimum recommended design value for detention time, the peak 
flow capacity of each grit removal chamber is estimated to be 3.2 mgd. However, since the 
existing grit removal equipment is inoperable and has proven to be inefficient at grit removal 
for the flow stream at the CCWWTP, replacement of the aerated grit system with an 
alternate technology is recommended for evaluation. 

6.3.3.6 Screw Pump Distribution Box 

Downstream of the Headworks Facility, return activated sludge (RAS) is introduced to the 
process stream in the Screw Pump Distribution Box. The Distribution Box was originally 
constructed with the 1987 expansion project as an addition to the First Stage Return Sludge 
Screw Pump Station, where influent flow and return sludge would combine as the flow was 
distributed between the Phase I and Phase II treatment trains. During the 1994 
improvements, additional flow chambers were added for distribution between all three 
treatment trains, in addition to a new Return Sludge Pumping Station with submersible 
pumps, converting the facility to the Distribution Box as it operates today. 

RAS from the clarifier basins of each treatment train flows by gravity to a common flow 
channel upstream of the screw pumps and the submersible return sludge pumps. Sluice 
gates control the rate of flow between the two pump station wet wells. The Return Sludge 
Pumping Station was originally designed to pump RAS to a tie-in of the sludge piping to the 
influent force mains from the Spring Creek LS and Coffee Creek Plant LS. RAS from the 
submersible pumps is conveyed to the upstream end of the Headworks. RAS from the 
screw pumps is conveyed to the Distribution Box. 

RAS conveyed by the screw pumps is mixed with the screened influent from the Headworks 
facility in the Distribution Box. The combined flow is then split between the three treatment 
trains via sluice gates and pipes to the respective activated sludge facilities downstream of 
the Distribution Box. Currently plant staff controls the flow split to the downstream treatment 
trains through manual actuation of the respective sluice gates. As a result, the flow 
proportion to each train is highly variable along with the unpredictable hydraulic conditions 
in the Distribution Box created by the turbulence in the configuration of the distribution 
structure and inlet piping. It is recommended that subsequent plant improvements include a 
more controlled method of flow control to each treatment train, in particular if nutrient-based 
limits are projected for the future, as these processes require more accurate flow control. 

6.3.3.7 Secondary Treatment 

Secondary treatment at the WWTP consists of the extended aeration activated sludge 
process followed by clarification. 
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To determine the capacity of the existing secondary treatment unit processes, historical 
plant data was used to establish characteristics of the wastewater influent. Table 6.3 is a 
summary of these characteristics that were used in evaluation of the existing treatment 
processes. 
 

Table 6.3 Influent Wastewater Characteristics for Existing Process Capacity 
Evaluation 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Parameter Values 

Influent Wastewater Characteristics (1)  

 BOD5 Concentration (MMAD) 170 mg/L 

 TSS Concentration (MMAD) 295 mg/L 

 NH3-N Concentration (MMAD) 22 mg/L 
Notes: 

(1) Based on historical operating data for 2000-2011. 

6.3.3.8 Phase I Activated Sludge Process 

As previously mentioned, the Phase I treatment train was part of the original construction of 
the WWTP in 1972, and includes a parallel treatment system with two First Stage Aeration 
Basins, two First Stage Clarifiers, two Second Stage Aeration Basins, and two Second 
Stage Clarifier Basins. However, only one of the First Stage Aeration Basins is currently in 
service. 

The Phase I treatment train also includes two return sludge pumping structures and a 
chemical mixing basin where lime was once added to the process stream to aid in the 
second stage sedimentation process. However, chemical addition is no longer practiced, 
but the mixing basin remains part of the flow process. 

The Phase I treatment facilities, as they are currently operated, have a nominal rated 
capacity of 1.0 – 1.5 mgd, and are generally limited to operating at a capacity of 1.0 mgd, 
according to plant staff. 

The Phase I treatment processes were not analyzed for evaluation of expansion facilities 
for the CCWWTP because the structures have reached the end of their useful life and many 
are in need of significant repair. As well, many of the facilities are not conducive to the 
conventional activated sludge process. Thus, only the current use of these facilities will be 
briefly described below.  

6.3.3.8.1 First and Second Stage Aeration 

The First Stage Aeration Basin that remains in operation in the activated sludge process is 
168 foot in diameter basin, with a sidewater depth of 5.5 feet, yielding a volume of 
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approximately 1 million gallons (MG). A mechanical surface aerator suspended in the 
center of the basin provides the oxygen transfer and mixing of the activated sludge 
throughout the basin. 

The Second Stage Aeration Basins are no longer operated as part of the activated sludge 
process in the Phase I treatment train. The design of the basins do not provide adequate 
depth to allow for effective treatment. However, plant staff have reported that the secondary 
aeration basins were successful at providing carbonaceous BOD (CBOD) removal. 

6.3.3.8.2 First and Second Stage Clarification 

Two 50-foot diameter clarifier basins were constructed as part of the original plant to 
provide settling of the mixed liquor upstream of the Second Stage Aeration Basins. The 
clarified liquid flows over v-notch weirs into an effluent channel around the periphery of the 
basin and bypassing the Second Stage Aeration Basins to the Second Stage Clarifiers.  

The mixed liquor settles out in the bottom of each First Stage Clarifier and is drawn off from 
the basin bottom a series of gate valves on a sludge draw off pipe. Sludge from each basin 
combines in a Return Sludge Control Structure for measurement through one of two 
Parshall flumes. Two telescoping valves at the downstream end of the flumes are set at a 
pre-determined elevation to convey a portion of the settled sludge to the sludge lagoons, 
and return another portion to the Distribution Box for recycling into the process stream. 

A similar process occurs in the two Second Stage Clarifiers, which are 55 feet in diameter. 
A lime feed mixing basin is located upstream of the Second Stage Clarifiers where lime was 
once fed into the process stream to enhance coagulation and settling in the downstream 
clarifier basins. However, lime is no longer fed into the process stream though the flow still 
travels through the mixing basin for continued flow between processes. 

Settled sludge from the Second Stage Clarifiers is also drawn off using gate valves on an 8-
inch sludge draw-off pipe at the bottom of each basin and conveyed to a sludge metering 
structure. Following flow measurement through the Parshall flumes in the respective Return 
Sludge Control Structure, the sludge is sent to the Second Stage Sludge Pump Station and 
wasted to the lagoons. 

6.3.3.9 Phases II and III Activated Sludge Process 

As previously mentioned, the treatment processes for Phases II and III are relatively the 
same. Each treatment train includes two Oxidation Ditches and two Final Clarifiers, as 
described below. 

6.3.3.9.1 Oxidation Ditches 

The Phase II and III treatment trains include a total of four (4) oxidation ditches. Each 
Oxidation Ditch consists of an oval-shaped, concrete channel fitted with three (3) 
mechanical brush rotors at strategic locations across the basin. A turn-around baffle is 
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located at each end of the basin to direct flow around the end curves. Each pair of ditches 
includes a common influent distribution box at the inlet to the basins. Flow from the Screw 
Pump Distribution Box is conveyed to the two Oxidation Ditch Influent Distribution Boxes 
where the flow is split between the four basins over weir gates to each basin. A Parshall 
flume meter is located downstream of the weir gates in the Distribution Boxes to measure 
the flow upstream of its respective basin. 

The flow in each pair of ditches flows in opposite direction (Oxidation Ditches Nos. 1 and 3 
flow in a counter-clockwise direction; Oxidation Ditches Nos. 2 and 4 flow clockwise) to one 
another based on the angle of the influent channel into the basin. The Oxidation Ditches 
operate in an extended aeration mode with longer detention and solids residence times. 
The aerated wastewater, or mixed liquor, flows out through the opposite end of the basin 
over a 20-ft long rotating plate weir with electrical actuator and into an effluent distribution 
box, respective of each Oxidation Ditch basin. Two 20-inch effluent pipes, fitted with a 
sluice gate at the inlets, convey a portion of the mixed liquor to one of the downstream final 
clarifier basins. 

Plant staff currently uses mixed liquor suspended solids concentration (MLSS) as the 
parameter for controlling operation of the Oxidation Ditches. As discussed below, sludge is 
wasted from the final clarifiers at an operator-adjustable set rate on a continuous basis to 
maintain a target MLSS concentration in the Ditches. The target MLSS concentration is 
adjusted on a weekly basis by plant staff as needed based on influent wastewater 
conditions. 

The mechanical brush-type aerators, with steel blades as bristles, are mounted just above 
the water surface in each basin on a rotating horizontal axis. The aerators are designed to 
efficiently transfer oxygen into the wastewater to meet the biological oxygen demands while 
promoting circulation of the flow. The three aerators are spaced approximately equidistant 
across the basin to keep the flow circulating and imparting oxygen into the flow stream. 

Figure 6.6 shows the historical dissolved oxygen (DO) concentrations from each treatment 
train. Plant staff currently turns aerators on and off as needed to meet the anticipated 
oxygen demands and to maintain a minimum DO concentration. No control strategy is in 
place to allow the aeration system to automatically react to changes in influent conditions or 
DO demands. 
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HISTORICAL DO CONCENTRATIONS 
 

FIGURE 6.6 
 

CITY OF EDMOND, OKLAHOMA 
WATER AND WASTEWATER SYSTEM MASTER PLAN 
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Oxidation Ditch capacity is controlled by one of two factors: biological treatment capacity 
and aeration capacity.  

Biological Treatment Capacity 

The biological treatment capacity of an oxidation ditch defines its ability to biologically treat 
the pollutant loads in the wastewater and is primarily a function of the biomass inventory in 
the basins. 

To determine the biological treatment capacity of the existing oxidation ditches, ODEQ 
guidelines (ref OAC 252:656-15-1(d)(3)) for extended aeration were followed. These 
guidelines recommend a design organic loading of 12 to 15 lbs BOD5/1,000 cu ft/day, a 
design food to microorganism (F:M) ratio of 0.05 to 0.10 lbs BOD5/lbs MLSS, and a 
hydraulic residence time (HRT) of 24 hours. Additional generally accepted design criteria, 
for solids retention time (SRT, also referred to as mean cell residence time, or MCRT) of 20 
to 30 days was also used. For this evaluation, an SRT of 20 was used. Table 6.4 
summarizes the results of the evaluation and design values based on historical operating 
data. As shown in this table, the estimated biological treatment capacity of the aeration 
basins is controlled by SRT, and has a value of approximately 7.35 mgd. 
 

Table 6.4 Existing Biological Treatment Capacity Evaluation (1) 

Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Parameter Value 

MLSS(2) 3,900 mg/L 

MLVSS:MLSS ratio(2) 0.76 

Sludge Yield, Observed(2) 0.91 lbs MLSS / lb BOD5 

Maximum Allowable Flow Rate  

 Based on Volumetric Loading(3) 8.25 mgd 

 Based on F:M Ratio(4) 10.17 mgd 

 Based on SRT(5) 7.35 mgd 

 Based on HRT(6) 8.13 mgd 

Notes: 

(1) Refer to Table 6.3 for influent wastewater characteristics. 
(2) Based on historical (2010-early 2012) operating data. 
(3) Assumes organic loading rate of 15 lbs BOD5/1,000 cu ft/day. 
(4) Assumes F:M ratio of 0.10 lbs BOD5/lbs MLVSS/day. 
(5) Assumes SRT of 20 days. 
(6) Assumes HRT of 18 hours. 
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Aeration Capacity 

The aeration capacity of the oxidation ditch depends on two factors: the oxygen demand 
profile in the basin (oxygen transfer requirement in each channel) and the transfer 
capabilities of the installed aeration equipment. As discussed previously, aeration is 
currently accomplished using surface-mounted, horizontal-shaft brush aerators. The typical 
range for the standard oxygen transfer rate (SOTR) for this type of aerator is 1.5-3.6 lb 
O2/hour/hp at standard operating conditions (T= 20 degrees Celsius (°C); P=14.7 lb/sq in; 
DO = 0 mg/L). Based on a design SOTR for clean water of 2.9 lb O2/hour/hp, and utilizing 
the assumptions summarized in Table 6.5, the aeration capacity of the Oxidation Ditches is 
calculated to be approximately 3.36 mgd. 
 

Table 6.5 Existing Oxidation Ditch Evaluation(1) 

Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Parameter (per basin) Value 

Number of Aerators / Horsepower 3 / 40 hp 

Clear Water SOTR  2.9 lbs O2/hour/hp 

Field OTR / Clean Water SOTR 0.75 

BOD5 Oxygen Utilization Factor 1.8 lbs O2/lbs BOD5 

TKN Oxygen Utilization Factor 4.6 lbs O2/lbs TKN 

Maximum Allowable Flow Rate (total for all four basins) 6.75 mgd 

Notes: 

(1) Refer to Table 6.3 for influent wastewater characteristics. 

6.3.3.9.2 Final Clarification 

The final clarifiers are circular concrete basins that provide a quiescent zone where the 
solids in the mixed liquor are allowed to settle out into the bottom of the basin. The clarified 
liquid flows over V-notch weirs located on around the periphery of the clarifier basin, and on 
to the downstream treatment facilities. A portion of the solids that are settled out of the 
mixed liquor are returned to the influent flow in the Screw Pump Distribution Box as RAS. 
To maintain the proper MLSS concentration in the treatment stream, the remaining settled 
solids are wasted to the Sludge Holding Ponds as waste WAS. 

To determine the biological treatment capacity of the existing final clarifiers, ODEQ 
guidelines for extended aeration facilities were followed. For secondary clarification, these 
guidelines recommend a design overflow rate of 400 gallons/day/sq ft at average day (AAD) 
conditions and 1,000 gallons/day/sq ft at peak hour (PH) flow conditions. The maximum 
recommended weir-loading rate is 15,000 gallons/day/lineal foot at any flow condition, 
although a weir loading rate of 30,000 gallons/day/lineal foot is generally considered 
acceptable at PH flow conditions. The guidelines also recommend evaluating secondary 
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clarifiers based on a peak solids loading rate of 35 lbs/day/sq ft at maximum (MMAD) flow 
conditions plus the AAD flow. However, to provide a sufficient factor of safety, it is 
recommended that a solids loading rate of 25 lbs/day/sq ft be used at AAD and MMAD 
conditions and 35 lbs/day/sq ft for PH conditions. Although not required by local regulations, 
it is generally accepted, and recommended by Ten States Standards, to evaluate final 
clarification capacity with one basin out of service during average flow conditions for 
redundancy, and all basins in service during peak flow conditions. This assumption was 
used in evaluation of these facilities. 

Table 6.6 summarizes the results of the evaluation and other key assumptions used for the 
purpose of this analysis. As shown in this table, the estimated secondary clarifier treatment 
capacity is 4.62 mgd and is limited by the surface overflow rate. At PH conditions, the 
treatment capacity is 10.61 mgd, limited by solids loading rate. 
 

Table 6.6 Secondary Clarifier Capacity Evaluation 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Parameter AAD/MMAD Value PH Value 

MLSS 3,900 mg/L 3,900 mg/L 

Maximum Allowable Flow Rate (1)   

Based on Surface Overflow Rate 4.62 mgd 15.39 mgd 

Based on Weir Loading Rate 9.90 mgd 26.39 mgd 

Based on Solids Loading Rate 4.66 mgd 10.61 mgd 
Notes: 

(1) Assumes flow is split between three (3) final clarifiers at AAD/MMAD flow conditions and four (4) 
final clarifiers at PH flow conditions. 

6.3.3.10 Return Sludge Pumping 

Settled sludge from the final clarifiers of each treatment train is scraped into a hopper at the 
basin bottom by the clarifier scraper mechanism. The collected activated sludge from the 
clarifiers is then conveyed to its respective Return Sludge Structure for flow measurement 
before being mixed back into the process stream. There is one return sludge structure for 
each pair of clarifier basins, each with a dedicated telescoping valve for its respective 
clarifier to control the rate of sludge withdrawn from each clarifier basin bottom. Within each 
return sludge structure, the RAS from each clarifier is measured through a Parshall flume 
before combining into a single 16-inch pipe to the Return Sludge Pump Station, which is 
integral to the Screw Distribution Box. 

There are three enclosed screw pumps identified as First Stage Return Sludge Pumps 
installed at the Return Sludge Pump Station and Screw Distribution Box. The screw pumps 
were originally installed during the 1987 expansion to return RAS from the clarifiers to the 
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influent flow stream, upstream of the Oxidation Ditches and First Stage Aeration Basin 
(Phase I treatment train). 

Each screw pump is specified as a 42-inch. When installed at an angle of 38 degrees, as 
these pumps are, they are rated for a capacity of 3,450 gpm at a static lift of approximately 
20 ft. RAS is removed on a continual basis from the bottom of each final clarifier basin 
through a 10-inch telescoping valve, located within the Return Sludge Structure, and 10-
inch piping, and flows by gravity to the common influent channel of the First Stage Return 
Sludge Screw Pump Station. Plant staff manually sets the telescoping valve weir crest 
elevation to a known set point required to remove enough sludge to maintain the required 
MLSS concentration in the Oxidation Ditches. 

The screw pumps are located in the First Stage Return Sludge Pump Station wet well and 
lift the RAS from the lower flow channel to a common flow channel in the Screw Distribution 
Box, approximately 19.5 ft up. From this common flow channel, RAS is mixed with the 
influent flow from the Headworks facility before being distributed to the downstream 
Oxidation Ditches from the Screw Distribution Box. 

Currently, the return sludge pumps are controlled manually. Plant staff alternates the 
operation of the pumps, with 1 pump in-service at a time. RAS flow is maintained at a rate 
of approximately 100 percent - 120 percent of the average flow. Based on original design 
values, assuming an average design flow of 9.0 mgd to the WTP, the RAS return rate is 
approximately 10.8 mgd.  

The current RAS system does not allow for much process flexibility. Consideration should 
be given to installing new return sludge pumps with VFD controllers for automatic cycling of 
the pumps and better control over withdrawal of sludge from each clarifier basin. This would 
allow the operating staff to control the RAS rate based on plant influent flow, or on a 
predetermined operator selectable rate. 

6.3.3.10.1 Tertiary Treatment 

Tertiary treatment of the secondary effluent at the CCWWTP is achieved with high-rate 
effluent filters. The advanced treatment serves to remove suspended and dissolved solids, 
including various inorganic and organic compounds and toxic substances that remain in the 
treatment stream following secondary clarification and prior to discharge of the treated 
effluent. 

The existing tertiary filtration facilities, downstream of the final clarifiers, include two parallel 
USFilter CENTrol monomedia filter galleries. Each gallery includes 4 filter basins, for a total 
of 8 basins. Each basin includes a filter underdrain, backwash trough, backwash water 
supply piping, and backwash air header for periodic air scouring during filter backwashing. 
Water for backwashing is supplied by an auxiliary pump located in the Chlorine Contact 
Basin inlet channel, and air for the scouring operation is supplied from blowers in a nearby 
Blower Building. 
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For high-rate effluent filtration, ODEQ regulations (ref. 252-656:23-1(c)) limit the filtration 
rate to 5 gpm/sq ft at maximum flow, with one filter unit out of service. Thus, assuming 7 of 
the filter basins in service with a total area of 1,728 sq ft, the maximum capacity of the 
existing effluent filters is 12.4 mgd. 

6.3.3.11 Chlorine Disinfection 

The Chlorine Contact Basins are an integral part of the effluent structure which also houses 
the original effluent filters, Nos. 1-4, on the upstream end, and post aeration piping on the 
downstream end of the contact basins. The structure is constructed from concrete and is 
open to the atmosphere. The concrete basin is divided into two parallel basins, each with 
an approximate capacity of 61,000 gallons, with “end-around” serpentine baffle walls along 
the length of each basin for effective contact time. Stop plates are used to take each basin 
out of service for maintenance and cleaning as required. 

The filtered effluent flows from the filter effluent channel, over a weir wall into the contact 
basin inlet channel and inlet splitter box where the chlorine chemical is injected into the flow 
stream. From this splitter box, the filtered effluent is directed into one or both contact 
basins. After flowing around all of the serpentine baffle wall in the respective basin, the 
chlorinated effluent flows over a weir into the contact basin outlet box where sulfur dioxide 
gas is injected into the flow stream for de-chlorination. The de-chlorination reaction is 
almost instantaneous so additional contact time is not required for this reaction. 

Chlorine gas is stored in the Chlorine Storage/Handling Facility in 1-ton cylinders. The 
Handling Facility consists of a concrete pad and metal building with garage door openings. 
Four 1-ton cylinders of chlorine gas is stored on the east end of the facility, while four 1-ton 
cylinders of sulfur dioxide gas is stored on the west end. A monorail system with a 2-ton 
electric hoist spans the east/west length of the facility for moving cylinders. The chemical 
gas is fed into their respective points in the Chlorine Contact Basin through a feed rate 
regulator. There is no chemical scrubbing system associated with this facility in the event of 
a gas leakage. 

According to OAC 252:656-21-1(e)(2) and 252:656-21-2(a)(3), a minimum contact time of 
15 minutes and a chlorine dosage of 6 mg/L is required. At a detention time of 15 minutes, 
with both basins in service, the Chlorine Contact Basin has a capacity to disinfect 
approximately 10.4 mgd if the baffling condition (as specified by AWWA/ASCE Water 
Treatment Plant Design, 4th Edition) is assumed to be a perfect plug flow. However, based 
on the serpentine design of this basin, it may be more accurately classified as superior 
baffling, which would give it a more conservative efficiency rating of 0.7, reducing the 
capacity to 7.3 mgd. A tracer study can be performed on the basins to determine their 
actual contact time efficiency for proper baffling classification. 
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6.3.3.12 Effluent Flow Metering 

Flows for both the secondary effluent and final effluent are measured downstream of their 
respective processes at the CCWWTP. Effluent from the two final clarifiers for Phases II 
and III treatment trains combines into a single 24-inch pipe that discharges into its 
respective Parshall flume for secondary effluent flow measurement. The secondary effluent 
from the two Parshall flume structures then combines in a common manhole upstream of 
the Effluent Filter Basins. Final effluent from the Chlorine Contact Basins is also measured 
upstream of the WWTP outfall in a downstream Parshall flume structure. 

Parshall flumes measure liquid flow in open channels. The Parshall flume is a constriction 
of the channel that develops a hydraulic head proportional to flow. As with all flow elements, 
Parshall flumes have a documented accuracy associated with them. These flumes are most 
accurate during free flow conditions. Free flow occurs when there is no backwater influence 
that will reduce the discharge or depth of water as it flows through the flume. When the 
flume is operating under free flow conditions, the flow measuring accuracy is between 95 
and 97 percent. However, during submerged conditions, the accuracy ranges from 80 to 95 
percent. Under all conditions, a proper approach that creates uniform flow conditions 
immediately upstream of the constriction is critical to the proper performance of the flume. 

The Parshall flume structures downstream of each pair of clarifiers has a 12-inch throat 
width. Based on a 12-inch throat size, the maximum capacity of the existing flumes is 10.6 
mgd. However, the short approach distance up stream of the flume throat does not create 
favorable hydraulic conditions and may impact flow measurement accuracy. A longer 
channel approach, of 20 times the throat width minimum, or the incorporation of an energy 
dissipation box upstream of the flume is recommended to avoid turbulent flow conditions 
and reduce the potential for errors in the flow measurement through the flumes. 

The flume structure for the final effluent is an 18-inch throat width. The maximum capacity 
for a flume of this size is approximately 15.9 mgd. However, the short approach channel on 
this flume presents the same concern regarding measurement accuracy as with the clarifier 
flumes. Modifications to these flow measurement structures should be considered. 

6.3.3.13 Process Capacity Summary of the Liquid Treatment Processes 

The liquid treatment processes at the CCWWTP each have a different capacity rating, as 
shown in Table 6.7, based on their specific evaluation criteria. The treatment process with 
the lowest capacity is final clarification with an MMAD capacity of 2.95 mgd. The MMAD 
flows for the year 2005 are approximately 2.58 mgd, or 87 percent of the available liquid 
treatment capacity. 
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Table 6.7 Summary Liquid Process Capacity 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Parameter 
Process Capacity Limiting  

Parameter MMAD (mgd) PH (mgd) 

Influent Pumping  --- 10.0 Pump Capacity 

Screenings Removal  --- 12.0 Screen Velocity 

Grit Removal(1) --- 6.40 Settling Velocity 

Aeration Basin  7.35 --- SRT 

Final Clarification(2) 4.62 10.6 SOR/Solids Loading(3) 

Effluent Filtration(4) --- 12.4 Filtration Rate 

Chlorine Disinfection  --- 7.3(5) Detention Time 

Final Effluent Flow Metering --- 15.8 Throat Velocity 

Notes: 

(1) Assuming all units in service. 
(2) Assuming one basin out of service at average flow conditions. 
(3) At average flow conditions/at peak flow conditions. 
(4) Assuming one basin out of service at peak flow conditions. 
(5) Assuming superior baffling conditions, with an efficiency classification of 0.7. 

6.3.3.14 Waste Activated Sludge (WAS) 

A portion of the RAS collected from each Final Clarifier is wasted as WAS to maintain the 
desired mixed liquor concentration in the activated sludge process. Within each RAS 
Parshall flume structure, downstream of each pair of Final Clarifiers, there is an isolation 
gate to a 16-inch pipe that conveys WAS to the Sludge Holding Ponds for stabilization. 
Scum piping from each clarifier is also connected to the WAS line for processing with the 
waste sludge. As desired, plant staff will open the isolation gate to the WAS line to waste a 
portion of the biosolids for further processing. A more automated system, using waste 
sludge pumping, is recommended for future sludge wasting to allow the pumping rate to be 
automatically adjusted to maintain a certain mixed liquor concentration in the process 
stream. 

6.3.3.15 Facultative Sludge Lagoons 

Waste sludge from the final clarifier basins is conveyed by gravity to one of three onsite 
FSLs. These lagoons are used for the biosolids digestion process over an extended period 
of time to meet pathogen and vector attraction reduction requirements for land application 
of the biosolids. The lagoons operate on a three-year cycle fill and rotation cycle, where, 
once each year (generally during the summer months) the accumulated sludge in one of 
the lagoons is emptied by a private waste hauler for land application of liquid sludge onto 
agricultural lands. The emptied lagoon is then cleaned and prepared to receive a new batch 
of WAS the following year. Thus, the average retention time in each lagoon is 1 to 2 years. 
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Prior to land application, each FSL is isolated for a minimum of six months to assist in 
meeting the regulatory requirements prior to beneficial reuse. 

Each FSL is an earthen basin with a concrete headwall and flume for influent piping and 
decant box for decanting water off the top of each lagoon. During the 1994 improvements, 
the tertiary lagoon that was originally constructed at the WWTP, was divided to form FSL 
No. 3 and the Irrigation Pond where excess water that is decanted off the top of the lagoons 
to maintain the desired level of water cover, is conveyed. From there Irrigation Pond, the 
decant water is conveyed to the Bypass Holding Pond before it is sent to the Coffee Creek 
Plant LS for return to the Headworks facility for treatment. The three basins each have a 
different treatment capacity. Lagoons Nos. 1, 2, and 3 have a treatment capacity of 1,160, 
1,271, and 1,668 dry tons, respectively, based on 3 feet of freeboard and 3-foot water 
blanket in each lagoon. 

Different options for biosolids handling and disposal will be evaluated for the City due to 
concerns with the long-term viability of cost-effective land application, and upsets the City 
periodically experiences with the operation of the lagoons. 

6.3.4 Condition Assessment of Coffee Creek WWTP Components 

The original treatment facilities at the CCWWTP were constructed in 1972, including the 
Phase I treatment processes, lagoons, and bypass holding pond. As previously mentioned, 
some of the Phase I process units are no longer in service or are not conducive to effective 
secondary treatment, and the City no longer desires to utilize these facilities for treatment. 

The Phase II treatment units, constructed in 1987, and Phase III units added in 1994, are 
still in good operating conditions and should continue to be used for future treatment, with a 
few exceptions. The existing Headworks facility has equipment that has reached the end of 
its useful life or is no longer in operation. As well, the Screw Pump Distribution Box is not 
designed to accurately split flow between the downstream processes, and it would be 
desirable to modify the return sludge pumping process that is also integral to this structure. 
New facilities will be evaluated for replacement of both the existing Headworks and 
Distribution Box structures. Options will also be evaluated for various process and capacity 
improvements, including alternative biosolids handling improvements. 

6.4 EVALUATION OF LIQUID TREATMENT CAPACITY 
IMPROVEMENTS 

6.4.1 Capacity Needs 

As discussed in Chapter 2, increased flows are projected for conveyance to the WWTP 
over the planning horizon. Table 6.8 lists the hydraulic and process capacity limitations of 
the existing treatment processes. In order to treat the average and peak flows projected to 
the WWTP, various capacity improvements will be required.  
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Alternatives for addressing these capacity needs will be discussed in the subsequent 
sections below. 
 

Table 6.8 Capacity Limitation of Existing Treatment Processes 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Process/Unit 

Process Capacity Hydraulic Capacity 
(mgd) MMAD (mgd) PH (mgd) 

Influent Pumping --- 10.0 --- 

Screenings Removal  --- 12.0 12.0 

Grit Removal(1) --- 6.40 --- 

Aeration Basin  7.35 --- 14.5 

Final Clarification(2) 4.62 10.6 7.0 

Effluent Filtration(3) --- 12.4 12.0 

Chlorine Disinfection  --- 7.3(4) 9.5 

Final Effluent Flow Metering --- 15.8 13.0 

Notes: 
(1) Assuming all units in service. 
(2) Assuming one basin out of service at average flow conditions. 
(3) Assuming one basin out of service at peak flow conditions. 
(4) Assuming perfect baffling conditions. 

6.4.2 Design Criteria 

Wastewater plants are required to meet a wide range of flows and loads that fluctuate 
yearly, monthly, daily, and hourly. Wastewater flows are typically lower during the dry 
summer months. Wastewater flows typically also follow a diurnal (daily) pattern that is 
generally low at night and high in the early morning as well as late in the day. 

The most significant statistical values in the design and operations of a wastewater system 
occur at the Annual Average Day (AAD), the Maximum Month Average Day (MMAD), and 
Peak Hour (PH) conditions. These are discussed below. 

6.4.2.1 Annual Average Conditions 

Annual Average Day (AAD) conditions represent the average of daily data for an entire 
year. When comparing wastewater characteristics over multiple year periods, using an 
annual average for a calendar year is a very convenient and logical way to divide the data, 
and is accepted as a standard practice. AAD conditions are typically useful when evaluating 
solids handling processes and for determining annual operating and maintenance costs. 

6.4.2.2 Maximum Month Average Day Conditions 

MMAD conditions represent the highest value of the 12 monthly averages for a parameter 
in a given calendar year. Using “maximum month” values as the basis of design allows 
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effluent limits to be reliably achieved during every month of the year and is consistent with 
effluent limits that are typically based on monthly average values. MMAD conditions are 
typically used as the basis of design for the secondary (biological) treatment processes. 

6.4.2.3 Peak Hour Conditions 

PH conditions are generally only applicable to flow rates and are defined as the highest flow 
rates that are estimated to be delivered to the treatment plant over any one-hour period. PH 
flows are typically used in the sizing of peak flow pumping and holding facilities. 

6.4.2.4 Flow Projections 

To allow the WWTP layout to be designed to easily incorporate additional features as 
needed to provide treatment capacity throughout the planning period, improvements at the 
WWTP will be developed in phases. Based on the flow projections presented in Chapter 2 
of this report, improvements and expansion facilities at the WWTP will be implemented in 
the following phases (see Table 6.9) to introduce facility improvements as needed to meet 
projected flows. The Phase III improvements are recommendations for additional facilities 
to provide supplemental treatment for indirect potable reuse (IPR) opportunities, as 
discussed later in this section. 
 

Table 6.9 WWTP Phased Capacity Improvements 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Phase AAD (mgd) MMAD (mgd) PH (mgd) 

Phase I 10.0 12.0 21.0 

Phase II 12.0 16.0 30.0 

Phase III(1) 12.0 16.0 30.0 

Notes: 

(1) Phase III improvements are based on anticipated indirect potable reuse opportunities. 

6.4.2.5 Loading Projections 

Generally, wastewater strength is defined by its five-day biochemical oxygen demand 
(BOD5), total suspended solids (TSS), nitrogen content, and phosphorus content. The 
BOD5 is described as the amount of oxygen required over a five-day period at 20º C by 
bacteria while stabilizing decomposable organic matter under aerobic conditions. The TSS 
is a measure of the amount of suspended material in the influent wastewater. Nitrogen can 
be found in many different forms such as ammonia, organic nitrogen, nitrate, and nitrite. 
Typically, the nitrogen in untreated domestic wastewater is comprised of ammonia (NH3) 
plus organic nitrogen and is defined as total Kjeldahl nitrogen (TKN). Phosphorus occurs in 
wastewaters almost solely as phosphates. These phosphates include organic phosphate, 
polyphosphate (particulate P) and orthophosphate (inorganic P). 
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The approach for determining the estimated design loadings for BOD5, TSS, nitrogen, and 
phosphorus is discussed below. 

6.4.2.6 BOD5 

ODEQ guidelines state that the minimum design loading factor for population equivalent 
shall be at least 0.17 lbs BOD5/capita/day. Based on an average daily wastewater flow 
factor of 101 gal/capita/day, the resulting average BOD5 concentration is approximately 202 
mg/L. Using this concentration and an ultimate AAD treatment capacity of 12.0 mgd, the 
estimated AAD influent BOD5 loading is estimated to be approximately 20,220 lbs 
BOD5/day. 

Based on existing data, the historical average MMAD:AAD loading ratio is 1.35 which will 
be used to determine the MMAD BOD5 loading value and associated MMAD BOD5 

concentration. Applying the MMAD:AAD ratio of 1.35 results in an ultimate MMAD BOD5 

loading of approximately 27,300 lbs BOD5/day. Based on the ultimate MMAD treatment 
capacity of 16.0 mgd, the estimated MMAD BOD5 design concentration is approximately 
205 mg/L. 

6.4.2.6.1 TSS 

Typical values in the region for the minimum design loading factor for residential single-
family dwelling units is generally at least 0.20 lbs TSS/capita/day. Based on an average 
daily wastewater flow factor of 101 gal/capita/day, the resulting average TSS concentration 
is approximately 237 mg/L. Using this concentration and an ultimate AAD treatment 
capacity of 12.0 mgd, the estimated year 2042 AAD influent TSS loading is approximately 
23,720 lbs TSS/day. 

The historical average MMAD:AAD loading ratio of 1.13 will be used to determine the 
MMAD TSS loading value and associated MMAD TSS concentration. Applying the 
MMAD:AAD ratio of 1.13 results in an ultimate MMAD TSS loading of approximately 
26,800 lbs TSS/day. Based on the MMAD flow of 16.0 mgd, the estimated MMAD TSS 
design concentration is approximately 201 mg/L. 

6.4.2.7 Ammonia Loading 

Historical influent ammonia measurements were available for 2001 through 2011 for the 
CCWWTP, which resulted in an ammonia concentration in the 85th percentile of 22.6 mg/L. 
Based the available historical data, the MMAD:AAD loading factor for ammonia is 1.30. 

Based on these design criteria, the AAD NH3-N loading for the ultimate design year is 
projected to be 3,300 lbs/day and the MMAD NH3-N loading for the ultimate design year is 
calculated as 3,000 lbs/day. Based on the MMAD flow of 16.0 mgd, the estimated MMAD 
NH3-N design concentration is approximately 22.5 mg/L. 
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6.4.2.8 Proposed MMAD Design Criteria 

The MMAD flow and loadings for the design year 2042 are outlined in Table 6.10. The 
loadings are calculated using the MMAD concentrations as previously identified for the flow. 
Total nitrogen (TN) and total phosphorus (TP) values are listed as typical values for 
domestic wastewater. It is recommended that future influent testing be conducted to confirm 
actual TN and TP values in the influent stream. 

6.4.3 Hydraulic Capacity Improvements 

As illustrated in Figure 6.7, a few of the treatment units are limited more so by hydraulics as 
opposed to process capacity limitations. These include the effluent filters and effluent 
Parshall flume. Hydraulic limitations can often be attested to headloss through downstream 
piping and/or valves, from downstream flow control devices (i.e. weirs, constricted 
openings, sluice gates, etc.), or the design of the process unit itself. 
 

Table 6.10 Ultimate Design Criteria - Maximum Month Average Day (MMAD) 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Parameter Concentration Loading/Flow 

Flow N/A 16.0 mgd 

BOD5 205 mg/L 27,300 lbs/day 

TSS 201 mg/L 26,800 lbs/day 

NH3-N 22.5 mg/L 8,000 lbs/day 

TN (1) 40 mg/L 5,340 lbs/day 

TP (1) 8 mg/L 1,070 lbs/day 

Notes: 

(1) Adapted from Table 3-16, Wastewater Engineering Treatment, Disposal, and Reuse, Metcalf & 
Eddy, 3rd edition. 

6.4.3.1 Effluent Filtration 

Based on the Hydraulix™ model that was set up for the various flow scenarios, discussed 
in an earlier section of this chapter, at a flow of 12.0 mgd, the freeboard in the Filter Effluent 
Channel (just upstream of the Chlorine Contact Basin Inlet Channel) drops below 1 foot. 
Freeboard of greater than 1 foot is generally preferred as a safety factor in the design of 
most treatment basins to prevent overflowing the walls of a structure during high flows. 
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In evaluation of the hydraulics immediately downstream of this channel, the water surface 
elevation (WSE) in the Filter Effluent Channel is controlled by a weir wall. Thus, the WSE in 
this effluent channel is controlled by this downstream weir as long as the weir is operating 
under free-discharging conditions, which would always be the case in this evaluation. The 
elevation of this wall was measured in the field during the Engineer’s calibration survey to 
be at elevation 995.74, and the length of the weir is identified as 22.5 feet long from the 
1987 construction drawings. 

Hydraulic calculations shows that the increased WSE in this effluent channel at the 
increased flow rates is created by the amount of head lost over the top of the weir. An 
increase in the length of the weir will reduce the amount of head lost with increasing flow 
rates. Based on the layout of the effluent channel in the filtration/disinfection basin, the best 
option for lengthening the weir at this location would be to replace the straight weir wall with 
a series of finger weirs along the length of the channel. Finger weirs provide additional weir 
length along both of its sides, and greatly reduce and minimize the headloss at higher flow 
rates. 

6.4.3.2 Effluent Parshall Flume 

There is nearly 1100 lf of 36-inch diameter piping between the Effluent Parshall Flume and 
the WWTP Outfall. As the flow rate increases through this length of pipe, additional 
hydraulic head is burned through the pipe. The head burned through each pipe segment is 
translated to an increased WSE at the upstream end of the pipe, which, in this case, is the 
flume effluent channel. Above 13.0 mgd, the WSE at the effluent end of the flume is higher 
than the invert of the flume (el. 989.60), as measured during the calibration survey. The 
submerged condition of the downstream end of the weir causes a backwater effect at the 
throat of the flume which complicates the ability to accurately determine flow rate based on 
water level in the throat. Thus, the accuracy of the flume for flow measurement is impacted. 
The ideal operation of a Parshall flume is to have free-flowing conditions at the downstream 
end for measurement accuracy. During the field survey, turbulent conditions were 
witnessed at the downstream end of the flume, which also attests to the undesirable 
conditions for accurate flow measurement. 

In an effort to alleviate submerged conditions at higher flow rates, reduction in the head lost 
through the downstream piping must be achieved. The head burned through the 36-inch 
piping can be alleviated by either installing a parallel outfall line to reduce the amount of 
flow through the single pipe, or increase the size of the existing piping by one or two pipe 
sizes. 

6.4.4 Process Capacity Improvements 

Process capacity limitations are also shown in Table 6.8. Process capacity needs are 
dependent upon the permitted effluent limits that must be achieved, as well as projected 
flow rates to the CCWWTP for treatment. The regulatory permit limits, as established by 
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ODEQ in the City’s NPDES permit, are as shown in Table 6.11. The current NPDES permit 
for the CCWWTP became effective May 1, 2009, and expires in less than one year on April 
30, 2014. Until the new permit is issued, the permit limits presented in the table below must 
be met. Based on past successful performance of the WWTP facilities, it is presumed that 
the current permit limits will be re-issued in the new permit. Based on conversations with 
ODEQ, it is almost a certainty that nutrient limits for nitrogen and phosphorus removal are 
forthcoming for many municipalities in the Mississippi River Basin, including Edmond. 
However, nutrient limits for the State of Oklahoma are thought to be several years from 
implementation. 

The treatment processes recommended herein are selected to meet the proposed flows 
and effluent limits for the WWTP. Alternatives for improving the process capacity of the 
following treatment processes will be evaluated herein: Preliminary Treatment, Secondary 
Treatment, Tertiary Treatment, Disinfection, and Flow Metering. Alternatives will also be 
evaluated for wastewater reuse options as a resource for meeting future demands for non-
potable demands (e.g., irrigation) as well as IPR as discussed in Section 2.3. 
 

Table 6.11 Coffee Creek WWTP Effluent Discharge Limits 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

 Effluent Limitations 

Pollutant 
Monitoring 
Frequency 

Monthly 
Average 
(mg/L) 

Weekly 
Average 
(mg/L) 

Daily Max 
(mg/L) 

CBOD
5 
 Apr – Oct 10 15 -- 

 Nov – Mar 15 22.5 -- 

TSS  Apr – Oct 15 22.5 -- 

 Nov – Mar 30 45 -- 

Ammonia  Nov – May 4.1 -- 9.9 

 June – Oct 3 4.5 -- 

DO Nov – May Minimum: 5 

 Jun – Oct Minimum: 4 

Fecal Coliform  May – Sep  200 (Geo. 
Mean) 

-- 400 

TRC  Year Round  < 0.1 (Instantaneous Max)  

pH  Year Round  6.5 – 9.0  

Nitrate-Nitrite (as N)  Year Round  Report  
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6.4.5 Preliminary Treatment Improvement Alternatives 

Much of the preliminary treatment equipment in the existing Headworks facility has reached 
the end of its useful life, is inoperable, or is not sized to meet effectively meet projected 
flows to the WWTP. Preliminary treatment alternatives were thoroughly evaluated in the 
CCWWTP Headworks Hydraulics Analysis TM (Carollo, 2010). 

As part of that evaluation, various fine screening technologies were evaluated, including the 
continued use of a continuous self-cleaning screen, step screen, multi-rake bar screen, and 
rotary drum screen. The use of individual washer compactor units for each fine screen 
versus the use of a conveyor and a single washer compactor were also evaluated for 
screenings handling. The grit removal technologies evaluated included mechanically 
induced vortex grit removal system and a free vortex grit removal system. Grit handling and 
dewatering equipment was also evaluated for the most efficient operation with the 
recommended grit removal system for the new Headworks. Two options for influent flow 
metering were also evaluated, including the continued use of a Parshall flume versus 
relying upon the magnetic flow meters on the two influent pumping stations to the 
CCWWTP. 

6.4.5.1 Recommended Improvements 

Based on an evaluation of several alternatives for implementing the recommended 
screenings and grit removal technologies into the preliminary treatment process at 
CCWWTP, it was recommended that a new Headworks facility be designed parallel to the 
existing Headworks facility to provide preliminary treatment for influent to the WWTP, and 
the existing Headworks facility would be maintained to provide screenings removal of 
excess flows (flows above the liquid treatment capacity) upstream of the Bypass Holding 
Pond. A schematic of the recommended preliminary treatment process is shown in 
Figure 6.8. 

Either the use of a pair of step screens or the continued use of a continuous self-cleaning 
screen was recommended for fine screening upstream of the liquid treatment processes at 
CCWWTP, depending on Operator’s preference. An engineered screenings handling 
system was also recommended with the use of a screw conveyor and single washer 
compactor unit, in an enclosed structure, to handle screenings from both fine screens. A 
mechanically induced vortex grit removal system with grit pumps and a grit classifier for grit 
handling and dewatering were also recommended as part of the new Headworks facility. 



FIGURE 6.8 -  PROPOSED HEADWORKS SCHEMATIC 
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6.4.5.2 Secondary Treatment Improvement Alternatives 

Four alternatives are evaluated in this section for alternatives to expand and improve the 
secondary treatment at the treatment plant to meet permit requirements. They include: 

 Alternative No. 1 - Continuing the use of the extended aeration activated sludge 
process and addition of treatment units to meet the projected capacity.  

 Alternative No. 2 – Converting the existing activated sludge process to the 
conventional activated sludge process and the addition of treatment units to meet the 
projected capacity. 

 Alternative No. 3 - Using the Membrane Bioreactor (MBR) technology to produce a 
tertiary effluent.  

 Alternative No. 4 - Using a hybrid system relying on reuse of the existing activated 
sludge system in parallel with an MBR system. 

6.4.5.2.1 Secondary Treatment Alternative No. 1- Extended Aeration Activated 
Sludge 

This alternative involves treating the CCWWTP effluent to limits specified above using 
extended aeration activated sludge treatment.  

Based on the proposed design criteria, this alternative consists of the following 
components:  

 New aeration basins with surface rotors. 

 New final clarifiers. 

 New return sludge pumping station for the existing and new clarifiers. 

 Future processes to meet anticipated nutrient limits. Other improvements as needed 
to comply with the project goals and objectives. 

A process schematic of this alternative is shown in Figure 6.9. 

Aeration Basins 

The maximum process capacity of the existing aeration basins is approximately 7.4 mgd 
based on the influent characteristics defined in Table 6.12. To provide treatment for the 
ultimate projected MMAD flow of 16.0 mgd, 8.6 mgd of additional biological treatment 
aeration capacity is required for the extended aeration process. To provide this additional 
capacity, new facilities will be constructed parallel to the existing treatment units. The new 
facilities will include aeration basins, return sludge pumping facilities and secondary 
clarification. 

According to the ODEQ Standards (OAC 252:656-15-1(d)(3) for extended aeration 
activated sludge systems, the aeration reactor basins can be loaded at 12-15 lbs BOD5 / 
1,000 cu ft/day and an F:M ratio of 0.05 to 0.1. As shown in Table 6.12, a total of ten (10) 
aeration basins would be required, each with approximately 1.52 MG volume, to meet these 
criteria. Thus, five (5) new aeration basins would be constructed similar to the existing with 
a single-pass orbal configuration and mechanical brush aerators to promote plug flow. 



FIGURE 6.9 – SECONDARY TREATMENT ALT. NO. 1: 
EXTENDED AERATION 
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Table 6.12 New Extended Aeration Treatment Facilities Design Criteria 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Parameter Selected Value 
Recommended 
Design Values 

MMAD Flow (mgd) 16.0 -- 

Number of New Basins 6 -- 

Total Volume (MG) 15.2 -- 

Total Volume (cu ft) 2,032,086 -- 

BOD Loading (lb / day) (1) 27,300  

Unit Loading (lb BOD5 / 1,000 cu ft / day) 15.0 15 (maximum) 

F:M (2,3) 0.10 0.05 - 0.10 

HRT (hours) 20.0 18 - 24 

SRT (2) (days) 18.0 20 - 30 

Notes: 

(1) Based on an MMAD BOD5 concentration of 246 mg/L. 
(2) Based on an MLSS concentration of 3,900 mg/L. 
(3) Based on an MLVSS:MLSS ratio of 0.76. 

Clarification 

The ODEQ regulations (OAC 252:656-17-2) state that the maximum overflow rate for 
secondary clarifiers in extended aeration activated sludge systems shall not exceed 
1,000 gpd/sq ft at peak hourly flows, and the solids loading shall not exceed 35 lbs/sq ft. To 
meet these requirements, eight (8) new 90-foot diameter secondary clarifiers will be 
required to meet the MMAD design flow conditions as shown in Table 6.13. 

A new return sludge pumping station is recommended for the existing secondary clarifiers 
in replacement of the screw pumps currently used at the Distribution Box. New pumps with 
variable frequency drives (VFDs) and flow meters will allow for better control of the sludge 
return rate based on actual influent flows. 

The new secondary clarifier basins will be constructed in pairs with a dedicated return and 
waste sludge pumping facility constructed in between the two basins. The clarifier pairs will 
share return and waste sludge pumping. The pump piping will include both RAS and WAS 
flow meters. The scum that is removed from the surface of the clarifiers will be routed to the 
WAS pumps for conveyance to the solids handling facilities with the WAS. 
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Table 6.13 New Secondary Clarifier Facilities 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Parameter Value 
Controlling 

Criteria 

Number of New Clarifiers 6 -- 

Diameter each (ft) 80 -- 

MMAD Flow (mgd), total 16.0 -- 

PH Flow (mgd), total 30.0 -- 

Overflow rate, MMAD (gpd/sq ft) 400(3) 400 (2) 

Overflow rate, PH (gpd/sq ft) 1000(3) 1,000 max (1) 

Weir Loading, MMAD (gpd/ft) 15,000(3) 15,000 (2) 

Solids Loading, MMAD (lb/d/sq ft) 25(3) 35 max(1) 

  24 - 35 max (2) 

Notes: 

(1) ODEQ Criteria. 
(2) Generally accepted design values. 
(3) Assumes one clarifier is out of service at MMAD conditions. At PH flow, all clarifiers are in 

service. 

Future Processes 

As discussed previously, it is anticipated that the City’s discharge permit will include nutrient 
limits for TN and TP removal at some time in the future. Nutrient removal of nitrogen is 
accomplished through biological nitrification and denitrification. Phosphorus removal 
methods depend on the conversion of soluble orthophosphate to a solid, and the removal of 
the solid from the wastewater. 

To facilitate nutrient removal, provisions will be included for the addition of a Selector Basin, 
Mixed Liquor Recirculation Pump Station and Mixed Liquor Splitter Structure, if required in 
the future, to meet anticipated nutrient limits. These facilities will be discussed in further 
detail in a later section of this Chapter. 

6.4.5.2.2 Secondary Treatment Alternative No. 2- Conventional Activated Sludge 

This alternative involves treating the CCWWTP effluent to limits specified above using 
conventional activated sludge treatment.  

Based on the proposed design criteria, this alternative, very similar to Alternative No. 1 
above, consists of the following components:  

 Additional rotors in existing Aeration Basins. 

 New aeration basins with brush rotors. 
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 New final clarifiers. 

 New Return Sludge Pumping Station for the existing and new clarifiers. 

 Future processes to meet anticipated nutrient limits. Other improvements as needed 
to comply with the project goals and objectives. 

A process schematic of this alternative is shown in Figure 6.10. 

Aeration Basins 

To provide the additional capacity needed to meet projected flows, new facilities will be 
constructed parallel to the existing treatment units. The new facilities will include aeration 
basins, return sludge pumping facilities and secondary clarification. 

According to the ODEQ Standards (OAC 252:656-15-1(d)(3) for conventional activated 
sludge systems, the aeration reactor basins can be loaded at 30-40 lbs BOD5/1,000 cu 
ft/day and an F:M ratio of 0.25 to 0.5. As shown in Table 6.14, a total of five aeration basins 
would be required, each with approximately 1.52 MG volume, to meet these criteria. Thus, 
one new aeration basins would be constructed similar to the existing with a single-pass 
orbal configuration and mechanical brush aerators to promote plug flow. 
 

Table 6.14 New Conventional Activated Sludge Treatment Facilities Design 
Criteria 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Parameter Selected Value 
Recommended 
Design Values 

MMAD Flow (mgd) 16.0 -- 

Number of New Basins 1 -- 

Total Volume (MG) 7.6 -- 

Total Volume (cu ft) 1,018,635 -- 

BOD Loading (lb / day) (1) 32,800  

Unit Loading (lb BOD5 / 1,000 cu ft / day) 30.0 30 - 40 

F:M(2)(3) 0.25 0.25 - 0.50 

HRT (hours) 8 6 - 8 

SRT(2) (days) 10.0 3 - 15 

Notes: 

(1) Based on an MMAD BOD5 concentration of 205 mg/L. 
(2) Based on an MLSS concentration of 4,000 mg/L. 
(3) Based on an MLVSS:MLSS ratio of 0.85. 



FIGURE 6.10 – SECONDARY TREATMENT ALT. NO. 2: 
CONVENTIONAL ACTIVATED SLUDGE 
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Clarification 

The ODEQ regulations (OAC 252:656-17-2) state that the maximum overflow rate for 
secondary clarifiers in conventional activated sludge systems shall not exceed 1,200 gpd/sq 
ft at peak hourly flows, and the solids loading shall not exceed 40 lbs/sq ft. To meet these 
requirements, four (4) new 90-foot diameter secondary clarifiers will be required to meet the 
MMAD design flow conditions as shown in Table 6.15. 

ODEQ regulations (OAC 252:656-16-1(b)) require the use of primary treatment ahead of 
conventional activated sludge systems. This requirement is based on the historical design 
of conventional activated sludge aeration basins, which were previously designed for much 
shorter SRTs of 2 – 3 days when only carbonaceous BOD removal was required. However, 
with future provisions for biological nutrient removal forthcoming in the future, the activated 
sludge (aeration) basin, with the conventional treatment process, is designed for longer 
SRTs to achieve nitrification/denitrification, as well as phosphorus removal when required. 
As well, primary clarification would be detrimental to this process in that it serves to remove 
a good portion of the BOD needed to achieve the nitrification process in the activated 
sludge basin. 

Based on the design requirements established in Table 6.15 for a longer SRT, it is 
recommended that the City request a variance from ODEQ for the primary clarification 
requirement with this treatment process. 
 

Table 6.15 New Secondary Clarifier Facilities 
Water and Wastewater System Master Plan 
City of Edmond, Oklahoma 

Parameter Value 
Controlling 

Criteria 

Number of New Clarifiers 4 -- 

Diameter each (ft) 90 -- 

MMAD Flow (mgd), total 16.0 -- 

PH Flow (mgd), total 30.0 -- 

Overflow rate, MMAD (gpd/sq ft) 600(3) 600 (2) 

Overflow rate, PH (gpd/sq ft) 1,000(3) 1,200 max (1) 

Weir Loading, MMAD (gpd/ft) 15,000(3) 15,000 (2) 

Solids Loading, MMAD (lb/d/sq ft) 25(3) 40 max (1) 

24 - 35 max (2) 

Notes: 

(1) ODEQ Criteria. 
(2) Generally accepted design values. 
(3) Assumes one clarifier is out of service at MMAD conditions. At PH flow, all clarifiers are in 

service. 
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A new return sludge pumping station is also recommended for the existing secondary 
clarifiers in replacement of the screw pumps currently used at the Distribution Box. New 
pumps with variable frequency drives (VFDs) and flow meters will allow for better control of 
the sludge return rate based on actual influent flows. 

The new secondary clarifier basins will be constructed in pairs with a dedicated return and 
waste sludge pumping facility constructed in between the two basins. The clarifier pairs will 
share return and waste sludge pumping. The pump piping will include both RAS and WAS 
flow meters. The scum that is removed from the surface of the clarifiers will be routed to the 
WAS pumps for conveyance to the solids handling facilities with the WAS. 

6.4.5.2.3 Future Processes 

As discussed previously, it is anticipated that the City’s discharge permit will include nutrient 
limits for TN and TP removal at some time in the future. Nutrient removal of nitrogen is 
accomplished through biological nitrification and denitrification. Phosphorus removal 
methods depend on the conversion of soluble orthophosphate to a solid, and the removal of 
the solid from the wastewater. 

To facilitate future requirements for nutrient removal, provisions will be included for the 
addition of a Selector Basin, Mixed Liquor Recirculation Pump Station and Mixed Liquor 
Splitter Structure, if required in the future, to meet anticipated nutrient limits. These facilities 
will be discussed in further detail in a later section of this Chapter. 

6.4.5.3 Secondary Treatment Alternative No. 3 - Membrane Bioreactor 

This alternative also involves treating the effluent to meet the limits specified above. 

Membrane bioreactors (MBR) can provide organic and suspended solids removal by 
replacing sedimentation as a means of separating the solids from the effluent with filtration. 
The use of MBR technology eliminates the need for conventional clarification and separate 
effluent filtration. Both the solids separation and filtration steps are accomplished 
concurrently by the membranes. 

The MBR manufacturer requires that a fine screen be installed upstream of the membranes 
to remove hair and other small material that may blind the membranes. If this alternative is 
chosen, the bar screens recommended for installation in the Headworks facility would be 
replaced with finer screens to meet these requirements. 

Without operating under the limitations of the conventional clarification process, the 
activated sludge process in an MBR plant can now be operated at very high MLSS 
concentrations of up to 10,000 - 12,000 mg/L.  

A process schematic of this alternative is shown in Figure 6.11. 



FIGURE 6.11 – SECONDARY TREATMENT ALT. NO. 3: MBR 
WATER AND WASTEWATER SYSTEM MASTER PLAN 
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As with the standard activated sludge process, the MBR process incorporates an aeration 
basin or reactor. Since the mixed liquor can be operated at such high concentrations, less 
aeration basin volume is required, thereby reducing the footprint of the aeration basins 
required to meet the ultimate MMAD flow requirements. Preliminary calculations show that 
at an MMAD flow of 16.0 mgd approximately 2.8 MG of aeration volume are required. There 
is approximately 3.0 MG of aeration capacity available in the existing basins, and would 
only require piping and aeration system upgrades and modifications. 

The structure for the MBR process would be constructed of concrete and will be 
compartmentalized to house individual trains of membrane cassettes. This will allow the 
cassettes to be isolated for in-place cleaning. A crane will also be supplied to facilitate lifting 
of the cassettes out of the membrane bioreactor tank if needed. This structure will be 
covered to protect the cassettes and associated equipment from the elements. 

As part of the MBR process, air is introduced into the bottom of the membrane tank through 
diffusers to scour the outside of the membranes. This process keeps solids material from 
collecting on the outside of the membranes thereby limiting their capacity. The MBR system 
includes air blowers, air columns, and air separation columns. 

For proper operation of the MBR system, enough air should be provided to treat the total 
loading for the existing aeration basins and for aeration of the MBR tanks and scouring of 
the membranes. The aeration basins will be fitted with additional mechanical aerators, and 
five blowers (4 for duty operation and one as standby), of approximately 25 HP each will be 
required. The blowers required to supply this air will be housed in a separate building. The 
building will incorporate the blower room, an electrical room, a control room and a restroom 
facility. 

Centrifugal permeate pumps are used to draw the mixed liquor through the membranes. As 
the mixed liquor passes through the membranes, the solids are rejected and the clear 
permeate (secondary effluent) passes through the membrane. With a membrane pore size 
of 0.04 microns, the effluent is of high enough quality that effluent filtration is not necessary. 

In addition to a series of permeate pumps, a back-pulse pumping system is also required. 
This system includes a series of pumps, piping and valves to allow the membranes to be 
periodically back-pulsed, or backwashed. A separate cleaning system is also required to 
keep the membranes at their peak performance. This air scour cleaning system includes 
piping and valves to clean the membranes in place.  

As with any activated sludge process, return sludge and waste sludge pumping facilities are 
required to recycle or waste the sludge removed from the mixed liquor in the membrane 
tank. A new RAS/WAS pumping station is recommended to provide this part of the 
treatment process. 
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To control the system, DO probes and turbidity analyzers are required for each train to 
monitor DO and turbidity levels in the MBR reactor. A PLC/PC control system is provided by 
the manufacturer to control the functions of the membrane bioreactor system. 

It is recommended that the majority of the equipment, including the membranes, be housed 
in a dedicated building. This building should incorporate a separate control room. 

An adequate location for the MBR facilities would be east of the existing aeration basins, in 
place of the current Phase I facilities. Piping will be required to transfer the mixed liquor 
from the existing aeration basins to the MBR tanks, and to deliver the RAS or WAS from the 
MBR tanks to the Return Sludge Pump Station. 

Due to the increase in instrumentation and equipment to maintain for operation of this 
system, this alternative was not further evaluated. 

6.4.5.4 Secondary Treatment Alternative No. 4 - Membrane Bioreactor Parallel 
Hybrid System 

This alternative combines components from both Alternatives Nos. 2 and 3 and separates 
plant operation into two parallel treatment trains. The effluent from these two treatment 
trains will be blended upstream of the plant outfall to meet the effluent requirements. A 
process schematic of this alternative is shown in Figure 6.12. 

The first treatment train would consist of the existing aeration basins and final clarifiers, in 
normal operation as conventional activated sludge. A new RAS/WAS Pumping Station 
would be designed with VFDs and flow meters on the discharge of each the RAS and WAS 
pumping.  

The second treatment train would consist of an MBR system, as described in Alternative 
No. 3 above, designed to treat all of the flow above the design capacity of the existing 
system. When the high quality effluent produced from the membrane bioreactor train is 
blended with the effluent from the conventional activated sludge treatment train, the 
resulting effluent would be of sufficient quality to meet a wide range of possible effluent 
discharge requirements. 

The process capacity of the existing aeration basins under conventional operation is 
approximately 7.9 mgd. To provide treatment for the ultimate MMAD design flow of 
16.0 mgd, the MBR treatment train will be sized to treat the additional 8.1 mgd. To provide 
this treatment capacity, new facilities will be constructed east of the existing treatment units. 

DO probes and modulating air control valves will be installed at key locations in the existing 
aeration basins to accommodate the automated process control strategy that will be 
implemented during this phase of the expansion. 

 



FIGURE 6.12 – SECONDARY TREATMENT ALT. NO. 4: MBR HYBRID SYSTEM 
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For the MBR hybrid system, enough air should be provided to account for the air required to 
treat the total loading for the pre-aeration zone, and to aerate the MBR tanks and scour the 
membranes. Five (5) blowers, 4 duty and one standby, of approximately 200 HP each will 
be required. The blowers will be housed in a separate building. The building will incorporate 
the blower room, an electrical room, a control room and a restroom facility. 

A new Return Sludge Pump Station dedicated to the MBR system will be required. This will 
be a subterranean structure that will house the pumps and piping manifold. The piping will 
include both RAS and WAS flow meters. The scum that is removed from the surface of the 
MBR tanks will be sent to the solids handling facilities with the WAS.  

One of the main advantages of this option is relative to construction phasing. The new MBR 
system can be constructed while the existing plant maintains operation. Once complete, the 
new MBR system can be operated while the existing plant is out-of-service for modifications 
and repairs. Another advantage is the operational flexibility achieved by the ability to 
operate either of the treatment trains while the other treatment train is out-of-service for 
maintenance or other reasons. The third advantage of this alternative is that it maximizes 
the use of the existing facilities and provides the opportunity for simple expansion of the 
membrane facility, as needed, to meet future effluent discharge requirements. 

The main disadvantage of this alternative is the maintenance of two different types of 
treatment systems at one facility, thereby increasing the operational complexity of the plant. 

Due to the operational complexity of this system, this alternative was not further evaluated. 

6.4.5.5 Recommended Secondary Treatment Alternative 

Based on the reduced number of activated sludge basins required for the conventional 
activated sludge process (Alternative No. 2) over that for expansion of the extended 
aeration activated sludge process (Alternative No. 1), conversion of the existing facilities to 
a conventional activated sludge process is recommended for expansion to meet future 
capacity needs and discharge requirements. 

6.4.6 Biological Nutrient Removal 

It is anticipated that regulatory requirements will require nutrient criteria on lakes, rivers, 
and streams within the Mississippi River Watershed as part of the water quality standards. 
General water quality concerns are that excess nutrient level will have a negative impact on 
recreation uses of lakes and reservoirs. This practice has already begun in some states in 
the Midwest, including Missouri and Kansas. 

ODEQ has yet to begin discussions with US EPA on implementing such requirements in 
Oklahoma, so it is anticipated that it will take several permit cycles before nutrient limits are 
implemented within the state of Oklahoma. However, it is almost certain that these 
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regulatory limits are forthcoming, and should be taken into consideration for future plant 
expansions. 

There are a number of nutrient removal approaches available, including chemical, 
biological, and wetland systems. Among these different approaches to removing nutrients, 
there are numerous methods for implementing the nutrient removal process. Based on the 
track record of processes that have a demonstrated ability to consistently meet discharge 
standards and is known to be a reliable process, the Johannesburg (JHB) process, which is 
a four-stage activated sludge process used for the removal of phosphorus and nitrogen is 
the treatment alternative recommended for further consideration when nutrient limits are 
implemented at the CCWWTP. 

As shown in Figure 6.13, there would be a Selector Basin, consisting of three reaction 
zones in series - an anaerobic zone (no DO and no nitrate), an anoxic zone (DO) and an 
aerobic zone (DO and nitrate). Each zone could, then, be further subdivided into a series of 
completely-mixed compartments. Mixed liquor is recycled (internal recycle) from the end of 
the nitrification (aerobic) stage to feed nitrate to the anoxic stage for denitrification. The 
return sludge is recycled to an anoxic zone at the head of the process to be denitrified prior 
to being mixed with the incoming raw wastewater. This anoxic zone used for RAS 
denitrification is what distinguishes the JHB process from other three-stage biological 
nutrient removal (BNR) processes. 

The JHB process is also among the least cost of other nutrient removal processes 
evaluated. It also offers a number of advantages with integration into the existing treatment 
facility and for future expansion to meet anticipated effluent discharge limits. 

6.4.7 Tertiary Treatment Improvements 

As previously mentioned, mono-media filters are currently used for tertiary treatment at the 
WWTP. The process capacity of the existing filters is limited to 12.4 mgd based on a 
maximum filtration rate of 5 gpm/sq ft (OAC 252:656-23-1). In lieu of constructing additional 
mono-media filter basins to meet future flows, conversion to cloth disk filters is 
recommended. 

The maximum filtration rate with cloth disk filters, as required by ODEQ regulations, is 
6.0 gpm/sq ft (0.8 cu ft/sq ft-min). Disk filters also require a much smaller footprint and 
could be installed within the infrastructure for the existing filter basins to handle future 
capacities. 

The cloth media disk filter (CMDF) consists of cloth media disks that are mounted on a 
main header running the length of the filter. This process uses cloth media to filter out 
particles in wastewater. In one configuration, removable filter cloth segments mounted on a 
steel manifold are used to form double-sided disks. Feed water is introduced inside the 
rotating disk where the effective filtration surfaces are located. The complex cloth weave 



FIGURE 6.13 –BNR FACILITIES PROCESS SCHEMATIC  
WATER AND WASTEWATER SYSTEM MASTER PLAN 
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results in an opening that is more of a rectangular or square shape. The effective “pore 
size” can vary depending on the cloth and weave characteristics. Typical pore sizes are in 
the range of 10 to 20 microns. The cloth filter is continuously backwashed leading to a very 
high recovery rate. A high-pressure spray is also used for cloth cleaning. If additional 
cleaning is required, a low-pressure chemical spray can also be used while the filter is in 
operation.  

In other configurations, the disks are connected to a filtrate header that collects and 
transports effluent generated as filtered water flows through the cloth media. In this 
process, feed water enters the filter tank and passes through the cloth media while the disk 
is stationary and submerged. Filtrate passes through the cloth, is collected in a header, and 
flows out of the chamber. Solids are removed intermittently. The eventual increase in head 
loss caused by an accumulation of solids on the cloth forces the level in the filter tank to 
rise. An automatic backwash cycle is initiated once a preset level is reached. During 
backwash, the filters rotate past a vacuum header (2 percent of filter surface area at a 
time).  

6.4.8 Disinfection Improvements 

The existing disinfection process at the CCWWTP consists of two parallel chlorine contact 
basins, using chlorine and sulfur dioxide gases for disinfection and dechlorination. 
However, the chlorine basins are limited to a process capacity of 7.3 mgd. In lieu of 
constructing additional facilities for expansion, it is recommended that the chlorine 
disinfection be converted to ultraviolet light (UV) disinfection. Based on preliminary sizing, 
the UV system could be housed in the existing contact basins, with channel modifications, 
including space for future capacity expansion. 

The use of UV systems has gained popularity in recent years, particularly with regards to 
safety issues associated with chlorine gas storage and use. UV systems have been 
successfully used to disinfect wastewater at many activated sludge WWTPs. UV 
disinfection is a physical process in which ultraviolet energy is absorbed in the DNA of 
microorganisms, causing structural changes in the DNA that prevents the microorganisms 
from reproducing. The UV energy is supplied by lamps that are submerged into the flow 
stream in specially designed channels. The hydraulic detention time for UV disinfection, for 
a good quality secondary effluent, is just a few minutes. The electrical and control 
equipment for the UV disinfection can be located outside in a National Electrical 
Manufacturers Association (NEMA) 4X electrical enclosure, or inside a building. 

UV disinfection has several operating benefits including shorter hydraulic detention times 
needed for disinfection, and the fact that no dangerous chemicals are required. A small 
enclosure is recommended to house the controls, lamp cleaning equipment, and to provide 
lamp storage. A UV support building could be constructed in place of the chlorine gas 
storage facility. 
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If DO in the effluent is a requirement, the basin could also be designed to include diffused 
aeration at it downstream end to impart DO upstream of the plant outfall. 

6.4.9 Other Recommended Improvements 

There are also a few recommended improvements needed to address potential future 
needs or requirements. 

6.4.9.1 Odor Control 

In addition to the treatment improvements discussed above, new odor control facilities are 
recommended in the future as residential or commercial development encroaches upon the 
WWTP boundaries, or to alleviate any odors generated from the solids handling facilities. 
There are physical, chemical, and biological methods for control odors. The system most 
often used at WWTP facilities similar in size to the CCWWTP is the activated carbon 
systems. 

6.4.9.2 Standby Power 

Standby power, either in the form of a secondary power source to the facility or a standby 
power generator, is also recommended to provide power to the necessary facilities in the 
event of a power failure at the WWTP. Prior to design of the standby power system, City 
Staff will need to determine which facilities will be require standby power. It may be 
determined that providing standby power to all of the treatment units at the WWTP may not 
be necessary. 

6.4.9.3 Wastewater Reuse 

If the City should decide to reuse treated effluent for non-potable applications (e.g., 
irrigation of parks and golf courses) in the future, supplemental treatment facilities will be 
required to meet ODEQ requirements for wastewater reuse. Category 2 reclaimed water, as 
defined by ODEQ, would be most applicable to the types of non-potable reuse likely to be 
implemented in Edmond. To meet regulatory requirements for Category 2 reclaimed water, 
nutrient removal, coagulation, turbidimeters, and combined disinfection would be required 
above the secondary treatment and effluent filtration already in place at the CCWWTP. 

In evaluating wastewater reuse facilities for the CCWWTP, the following assumptions were 
made: 

 Irrigation demands for Category 2 reuse effluent would be associated with 900 acres 
of City parks, including soccer fields, golf courses, etc. 

 Average application rate of 1 in./wk, seasonally. 

 Irrigation between the hours of 8 p.m. – 4 a.m. only. 

 Irrigation distribution system would include a storage tank, pumping facilities, and 
distribution main (loop). 
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 On-site storage tank to be sized with 20 percent reserve capacity.  

Based on these assumptions, a side-stream treatment would be necessary including a 
flocculation basin, chlorine disinfection downstream of the UV disinfection, on-line 
turbidimeters, and reuse pumping facilities to convey the treated effluent to the irrigation 
storage tank. This assumes that nutrient removal facilities are already in place at the 
CCWWTP. Nutrient removal facilities would need to be included as part of the reuse 
facilities, unless the City could demonstrate to ODEQ that its Category 2 reclaimed water 
would be applied at or below the agronomic uptake rate of nutrients for the turf or 
landscaping being irrigated. 

Indirect Potable Reuse 

As discussed in Chapter 2 of this report, IPR is recommended as a possible strategy for 
meeting projected demands beyond the 2042 planning year. It is anticipated that beyond 
the year 2042, the City will have exceeded its contractual allocation of Arcadia Lake’s firm 
yield, and will face a supply deficit to meet projected demands. One innovative approach to 
supplementing the supply available to the City is to augment the water supply in Arcadia 
Lake with highly treated effluent from the CCWWTP. In addition to advanced treatment at 
the CCWWTP, the lake would provide dilution and natural attenuation of water quality. The 
augmented lake supplies would increase the firm yield of the lake, which in turn would 
facilitate additional withdrawals for potable treatment and supply. 

In order to support the augmentation of Arcadia Lake, upgrades would be required at the 
WWTP to produce an effluent that would meet as-yet unspecified water quality standards 
(due in part to its SWS designation, and in part to a lack of IPR regulations in Oklahoma). 
With the implementation of nutrient removal, effluent filtration, and disinfection 
recommendations discussed above, turbidity goals for reclaimed water should be 
achievable. It is anticipated that nutrient removal will also be a requirement for augmenting 
Arcadia Lake, to minimize the potential for algal blooms and other water quality events. 
Thus, biological nutrient removal facilities will also be required as part of the reclaimed 
water treatment process for IPR supplies to Arcadia Lake.  

Endocrine disrupting compounds (EDCs) and personal care and pharmaceutical products 
(PCCPs) include a variety of compounds commonly present in municipal wastewater, 
and/or those that may pose a potential human health concern depending on their 
concentration levels and based on current toxicological understanding. While EDCs are not 
currently regulated at the state or federal level, it is assumed that additional treatment using 
biofiltration and ozone will also be required for the portion of WWTP flow that would be 
reclaimed and sent to Arcadia Lake. These assumptions were made to address concerns 
about the impacts of EDCs/PCCPs in reclaimed water used for potable supply 
augmentation. 

A process schematic of the proposed reclaimed water treatment process for the CCWWTP 
is shown on Figure 6.14. New facilities to be implemented at the CCWWTP for reclaimed 
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water treatment for IPR include an ozone and biofiltration system upstream of the UV 
disinfection facilities for supplemental treatment; and a new 15.0 mgd reclaimed water 
pump station with approximately 13,000 LF of 24-inch diameter force main to convey the 
treated effluent from CCWWTP to Arcadia Lake. A new concrete outfall structure at the 
discharge of the force main into the lake will also be required to diffuse the treated effluent 
into the lake. 

Augmenting Arcadia Lake with highly-treated effluent from the CCWWTP could increase 
the firm yield of the lake, particularly by increasing inflow into the reservoir at times when its 
conservation pool is not full. Ideally, the CCWWTP would discharge at a constant year-
round flowrate to the reservoir, minimizing CCWWTP advanced treatment capital and 
operating costs. However, because of several uncertainties associated with recharging the 
lake and potential future regulations, it was assumed that the entire flow at the CCWWTP 
may, at times, need to be treated to lake-augmentation standards and conveyed to the lake. 
Those uncertainties include the following: 

 Operational decisions and flexibility, allowing plant staff to operate the system this 
way; 

 Uncertainty in the relationships between augmented flows and lake yields under a 
variety of hydrologic conditions; 

 Ability to accelerate recharge anytime the lake level is less than full; 

 Potential for future water uses/users downstream of the CCWWTP that by 2042 could 
drive a need for EDC and PPCP removal even for discharges to Coffee Creek; 

 Potential future requirements for seasonal discharges to Coffee Creek for water 
rights, water quality, or instream flow considerations; 

 Other planning and permitting uncertainties that may arise between now and 2042. 

During other times, the advanced treatment facilities would be bypassed by some or all of 
the flow at the CCWWTP, and discharged to Coffee Creek. 

6.5 BIOSOLIDS HANDLING EVALUATION 

The City anticipates that the current beneficial reuse method of direct land application on 
regional farmland will be discontinued at some point in the future, as discussed further 
below. Thus, for the purposes of this evaluation, it is assumed that the City will haul waste 
sludge to a landfill facility for ultimate disposal until other beneficial reuse opportunities, 
such as composting or land application on owned or leased land, becomes available. 
Improvements to the biosolids management processes at the CCWWTP will be necessary 
for this change in operations.  



FIGURE 6.14 – RECLAIMED WATER TREATMENT SCHEMATIC 
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6.5.1 Biosolids Stabilization 

The organic fraction of the waste sludge generated by the conventional activated sludge 
process must be stabilized to reduce pathogens, odors, and the potential for decomposition 
of organic matter. Stabilization serves to eliminate these nuisance conditions through 
several means: (1) biological reduction of volatile content; (2) chemical oxidation of the 
volatile matter; (3) the addition of chemicals to render the sludge unsuitable for the survival 
of microorganisms; and (4) the application of heat to disinfect or sterilize the sludge.  

Five solids stabilization technology alternatives were reviewed for implementation at the 
CCWWTP. These included: 1) Anaerobic Digestion; 2) Aerobic Digestion; 3) Aerated 
Sludge Holding; 4) Composting; and 5) Thermal Drying. The recommended process is 
generally dependent upon the ultimate disposal method for the biosolids. 

As flows to the CCWWTP continue to increase, the need for WAS thickening also becomes 
more important to minimize the digestion volume and maximize the solids stabilization 
process. Thus, an option that combines the thickening and stabilization process in lieu of 
adding a subsequent process to the biosolids handling process was evaluated. 

Assuming that the City will discontinue their current practice of land application and switch 
to landfill disposal of the biosolids, construction of new Aerated Solids Holding Basins is 
recommended. Based on the US EPA 40 CFE Part 503 regulations for biosolids disposal, a 
hydraulic retention time (HRT) of 40 days is required to meet pathogen and vector attraction 
reduction requirements. In order to achieve this HRT, four (4) new 90-foot diameter basins 
with a side water depth of 15 feet will be required. This assumes the biosolids are thickened 
to 3 percent through the process of settling and decanting the supernatant periodically in 
each basin 

The new sludge-holding basins would be fitted with coarse bubble diffusers to stabilize the 
thickened sludge prior to dewatering. Air will be added to the basins to maintain aerobic 
conditions and avoid any septic treatment. Aerated sludge holding differs from aerobic 
digestion in that the basins and air supply system are not sized to accommodate the 
loading rate and retention time as required for digestion. In an effort to provide thickening of 
the biosolids, air to the basins would be temporarily shut off to allow the solids to settle 
while the surface water is decanted off and returned to the head of the WWTP for 
treatment. This process could be repeated as often as necessary to achieve a 3 percent 
solids concentration upstream of the dewatering process. A total of four blowers, at 200 HP 
each, would be provided to accommodate mixing requirements of 30 standard cubic feet 
per minute (scfm) per 1000 cu ft, with one unit out of service. 

6.5.2 Biosolids Dewatering 

Dewatering of the processed sludge is performed to reduce the moisture content of the 
sludge to reduce sludge volume for further handling. Three methods of solids dewatering 
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were reviewed for this process, including centrifuges, belt filter presses (BFPs), and plate 
and frame presses. Each process requires a polymer feed system and separate equipment 
building. However, based on lower capital costs and ease of operation, the BFP technology 
is recommended for the CCWWTP. 

BFPs have been widely used to dewater digested sludge from municipal WWTPs. Digested 
sludge, to which polymer has been added upstream of the belt filter, is continuously fed to 
the gravity zone of the BFP. Here the sludge is spread over the width of the upper belt and 
gently agitated and turned as the upper belt moves past stationary plows. This ”gravity 
zone” stage removes much of the “free water” in the sludge. Sludge leaving the gravity 
zone next enters the wedge zone, an area where the upper and lower belts converge in a 
V-shape. The wedge zone can be either vertically or horizontally oriented. As the belts 
converge, the “V” configuration applies relatively low, continuously increasing pressure to 
gently squeeze water from the sludge. The point of the “V” in the wedge zone marks the 
beginning of the final stage of the BFP, the high shear zone. At this stage, the upper and 
lower belts are fully converged and pass over and under a series of rollers. This process 
exerts both high pressure and high shearing action on the sludge, in a sense “wringing” 
water from the sludge. At the end of the high shear zone, the upper and lower belts diverge, 
and the dewatered sludge (cake) is discharged to a conveyor or hopper. The liquid 
“beltrate” from all three stages flows by gravity to a sump below the BFP and is returned to 
the head of the WWTP for treatment.  

BFPs are available in nominal sizes (belt widths) of 1, 2, and 3 meters. There is also the 
alternative of a 2-meter, 3-belt configuration to provide greater dewatering capacity at 
approximately the same space requirements. The 2-meter BFP is standard for municipal 
wastewater sludge dewatering because it provides twice the capacity of a 1-meter unit for 
only 20 percent more capital investment. The 2-meter size has overall dimensions that are 
convenient for multiple unit installations, which is often necessary for operational flexibility 
and reliability. The standard 2-meter presses are recommended for this application. 

The equipment needed for this alternative includes a polymer conditioning system, sludge 
pumping, BFPs, odor control, de-watered cake conveyor, and other ancillary equipment. 

A new building will be required to house the dewatering equipment, polymer feed system, 
and controls. The controls should be located in a separate air-conditioned room with view 
windows overlooking the dewatering process. A ventilation system will be required to keep 
the majority of the dewatering odors out of the process room. 

Based on historical sludge production data, it is estimated that biosolids will be produced at 
a rate of 1,500 lbs/day/mgd, which equates to approximately 24,000 lbs per day at ultimate 
design conditions (based on AAD flow of 14.0 mgd). Assuming that the dewatering process 
is performed 5 days a week during an 8-hour shift each day, the BFP must be capable of 
dewatering 29,400 lbs per workday, or 3,675 lbs per hour in a workday. This is equivalent to 
240 gpm of sludge with a solids concentration of 3.0 percent and a specific gravity of 1.02. 
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Typical solids loading rate for 2-meter BFP units is 650 lbs/hr. Using this value, 
approximately 3 units are required for duty service during average conditions. Four units 
are recommended for standby operation in the event one unit is out of service. 

The polymer requirements for optimum BFP operation must also be considered. For BFPs, 
a typical polymer dosage of 4 to 8 pounds of polymer per ton of solids is expected for 
aerobically treated waste activated sludge. 

For the purposes of this analysis, a value of 8 pounds per ton will be used. For an aerated 
solids production of 29,400 lbs/day, approximately 117.6 pounds of polymer will be required 
per day (8-hr operation each day), assuming continuous operation. However, for the 
purpose of determining polymer storage and pumping requirements for final design, the 
maximum daily and hourly dosage rates should be calculated based on actual operating 
strategy (i.e., shift duration and frequency). 

6.5.3 Biosolids Disposal 

The City anticipates that the current beneficial reuse method of direct land application on 
regional farmland will be discontinued at some point in the future. An option for land 
application by the City on available land surrounding the WWTP was briefly evaluated. 
However, based on assumed application rates and crop type, it was estimated that nearly 
800 acres of land would be required to fully land apply all of the biosolids produced at the 
WWTP. 

Thus, for the purposes of this evaluation, it is assumed that the City will haul waste sludge 
to a landfill facility for ultimate disposal until other beneficial reuse opportunities, such as 
composting or land application on owned or leased land, becomes available.  

6.6 RECOMMENDED IMPROVEMENTS AND PHASING OPTIONS 

The recommended improvements for ultimate capacity at the WWTP can be identified from 
the alternatives that were recommended to meet the higher capacity requirements, more 
stringent treatment objectives, and the anticipated effluent limitations for the design 
conditions. A site plan showing the layout of the recommended improvements is shown in 
Figure 6.15 with the associated flow schematic shown in Figure 6.16. Below is a list of the 
recommendations for each treatment process: 

 Preliminary Treatment: Construct a new structure housing fine bar screens to remove 
trash from the influent, screenings washing and compacting, grit removal and grit 
dewatering equipment. 

 Secondary Treatment: Convert the existing treatment process to conventional 
activated sludge with additional mechanical aerators added to the existing aeration 
basins; construction of new final clarifiers, return sludge pumping facilities, and 
associated facilities.  
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 Effluent Filtration: Convert existing mono-media filters to cloth disk filters within 
existing treatment basins. 

 Effluent Disinfection: Convert existing contact basins to UV disinfection basin with 
multiple flow channels and multiple UV banks in each channel. UV equipment support 
facilities will be housed in a separate, nearby building to house electrical equipment. 

 Effluent Flow Metering: A parallel effluent flume is recommended to handle future 
projected flows. 

 Future Nutrient Removal: Consisting of biological nutrient removal facilities, including 
Selector Basin, Mixed Liquor Recirculation Pump Station, and associated facilities. 

 Reclaimed Water Treatment for Future Augmentation of Arcadia Lake: In addition to 
nutrient removal facilities, ozone and biofiltration systems are recommended to 
address EDCs, PCCPs, and other unregulated contaminants that may be of concern 
with regard to IPR via Arcadia Lake augmentation. Future permit limits for this 
discharge, if such a discharge is approved by ODEQ in the future, are unknown at 
this time. Therefore, processes were assumed based on the state of the IPR industry 
across the U.S. 

 Solids Stabilization: Conversion of First Stage Aeration Basins for aerated solids 
holding of wasted biosolids. Thickening of the biosolids will be achieved through 
cycling of diffused air and decanting of supernatant. 

 Solids Dewatering: Use BFPs to dewater the thickened solids. 

 Biosolids Disposal: Send dewatered sludge to a landfill. 

 Miscellaneous Improvements: Odor Control Facilities and Standby Power system(s). 
If wastewater reuse is implemented in the future for irrigation or other non-potable 
purposes, side-stream treatment will be required for the portion of flow going to reuse, 
including a flocculation basin, on-line turbidimeters, chlorine disinfection downstream 
of the UV disinfection, and a reuse pumping station. 

6.6.1 Project Phasing 

To provide a balance between treatment requirements and project funding, a phased 
expansion approach is recommended. A phased approach will increase existing treatment 
capacity in increments to provide a total treatment capacity up to 16.0 mgd MMAD. 

The first phase of work, which should be implemented immediately, includes improvements 
necessary to provide treatment capacity, as well as upgrades to preliminary treatment 
facilities and solids handling facilities. The second phase will also include improvements to 
increase treatment capacity as well as upgrades to the disinfection facilities added during 
the first expansion phase. A third phase of improvements will serve to provide additional 
treatment facilities for producing reclaimed water for IPR, if required. Additional 
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improvements that are not required for treatment capacity are recommended outside of 
these pre-defined project phases. These improvements, such as nutrient removal facilities, 
are to be implemented as needed, based on regulatory triggers. 

6.6.1.1 Phase I Project Components 

The recommended Phase I project consists of: 

 Construction of a new Headworks facility for parallel operation with the existing 
headworks which will serve as a peak flow handling facility only 

 New splitter structure for the Aeration Basins 

 Modifications to existing Aeration Basins with the addition of three (3) new 
mechanical rotors in each 

 New Final Clarifier Splitter Structure 

 New return sludge pumping station for existing final clarifiers 

 Addition of three (3) new Final Clarifiers with two (2) associated return sludge 
pumping stations 

 New Effluent Filter Splitter Structure 

 Conversion of existing Chlorine Contact Basin to UV Disinfection 

 Parallel Effluent Flow Metering Structure with NPW pumping facilities 

 Demolition of existing First Stage Aerators for construction of four(4) Aerated Solids 
Holding Basins and Blower Building 

 New Solids Dewatering Facility with three (3) BFPs 

 New Maintenance Building 

 Associated yard piping, electrical and instrumentation, and controls improvements. 

The MMAD capacity of the WWTP at the completion of Phase I will be approximately 
12.0 mgd. This is projected to provide sufficient treatment capacity through the Year 2022. 

6.6.1.2 Phase II Project Components 

The second phase of expansion at the CCWWTP would primarily be associated with: 

 Constructing an additional new Aeration Basin No. 5 

 One (1) additional final clarifier 

 Conversion of mono-media filters with cloth disk filters (four filter sets with 10 disks 
each) 

 Expansion of the UV Disinfection facilities with additional flow channel and UV 
equipment 
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 Additional BFP for solids dewatering. 

These additions would bring the plant capacity to an MMAD flow capacity of 16.0 mgd and 
provide sufficient capacity through build out. Some of the miscellaneous improvements 
could be included in this phase of construction, including odor control facilities and standby 
power if not added during Phase I. 

6.6.1.3 Phase III Project Components 

The third phase of expansion would be required if IPR is implemented via augmentation of 
Arcadia Lake WTP. Improvements at the CCWWTP facilities would be required to treat lake 
supplies with highly treated effluent and subsequent treatment at flows for augmenting 
Arcadia Lake.  

The improvements for Phase III would include: the addition of ozone and biofiltration 
facilities to address EDCs and PCCPs; a reclaimed water pump station and force main to 
convey treated effluent to Arcadia Lake; and an outfall structure at the lake to diffuse the 
treated effluent into the lake supply. 

6.6.1.4 Regulatory Requirements 

Per ODEQ regulations (OAC 252:656-3), prior to construction or implementation of any 
modifications to the wastewater treatment facilities, an engineering report and final design 
report (including final plans and specifications) are to be submitted to ODEQ for review and 
approval. The Engineering Report is to be submitted at least 30 days prior to submittal of 
final plans and specifications, and final plans and specifications shall be submitted in 
accordance with the regulations. A water quality, or antidegradation, review may be 
required on the discharging stream if the effluent flow will exceed the current permitted 
capacity of the WWTP. This analysis could be coordinated with the scheduling for the 
engineering report in an effort to complete these tasks concurrently. 
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Chapter 7 

CAPITAL IMPROVEMENT PROJECT PLAN 

7.1 INTRODUCTION 

The CIP for the water system identifies the water supply and treatment, and water 
distribution system improvements necessary to meet the City’s growing demands with a 
reliable and high quality water supply through the year 2042 and beyond to ultimate 
buildout (around year 2060). The CIP for the wastewater system identifies the collection 
system and treatment improvements necessary to handle increasing flows in the City’s 
sewer service area over that same period of time. The CIP, which identifies the conceptual 
opinion of probable cost for each project, will serve as the basis for the City’s subsequent 
financial planning activities. 

This section presents recommended water system improvements based on the analysis 
and findings presented in Chapters 3 and 4, as well as recommended wastewater system 
improvements based on the analyses in Chapters 5 and 6. The water system improvements 
include proposed groundwater wells, pump stations, system storage, water line 
improvements, alternative sources for water supply, and WTP improvements. The 
wastewater system improvements include proposed lift station and sewer improvements, as 
well as CCWWTP improvements to handle increased flows over time and anticipated 
regulatory conditions. 

A 30-year CIP was developed based upon the existing and future system recommendations 
provided in the previous chapters of this report. The CIP for each system has been divided 
between three time frames as follows: 

 Short-term Improvements recommended for implementation over the next 1 to 
15 years. 

 Long-term Improvements recommended for implementation over the next 16 to 
30 years. 

 Future Improvement recommendations identified for implementation beyond the 
30-year planning period of this CIP. 

Also presented is a CIP schedule for all recommended improvements. The CIP tables are 
intended to facilitate development of the City’s CIP and, ultimately, to support 
determination of the user rates and connection impact fees. 

7.2 COST ESTIMATING CRITERIA 

The cost estimates presented in this study are opinions developed from bid tabulations, 
cost curves, information obtained from previous studies, and Carollo’s experience on 
relevant previous projects. The construction and material costs estimated for each 
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recommended improvement, which is the Baseline Construction Costs, are provided in the 
CIP tables in this section. Cost criteria used in the development of costs for pipelines, 
pump stations, and reservoirs are also presented below. 

7.2.1 Cost Estimating Accuracy 

The cost estimates presented in this CIP have been prepared for general master planning 
purposes and for guidance in project evaluation and implementation. Final costs of a 
project will depend on actual labor and material costs, competitive market conditions, final 
project scope, implementation schedule, and other variable factors such as preliminary 
pipeline alignment generation, investigation of alternative locations or routings, detailed 
utility and topography surveys, and geotechnical investigations. 

The American Association of Cost Engineers (AACE) defines several classifications of cost 
estimates:  

 Class 5: An Order of Magnitude Estimate for Master Plan Studies. This is an 
approximate estimate made without detailed engineering data. It is normally expected 
that an estimate of this type would be accurate within +50 percent to -30 percent. 

 Class 3 & 4: A Budget Estimate for Predesign Study. A budget estimate is prepared 
with the use of flow sheets, layouts, and equipment details. It is normally expected 
that an estimate of this type would be accurate within +30 percent to -15 percent. 

 Class 1 & 2: A Definite Estimate (Engineer's Estimate) for Time of Contract Bidding. 
This estimate is prepared from very defined engineering data. The data includes fairly 
complete plot plans and elevations, soil data, and a complete set of specs. It is 
expected that a definite estimate would be accurate within +15 to -5 percent. 

Costs developed for this study should be considered Class 4 to 5 and have an expected 
accuracy range of +50 percent to -30 percent (See Figure 7.1). The assumptions used in 
developing order of magnitude cost estimates for recommended facility improvements, 
which will address current deficiencies and facilities required to meet future City needs, are 
presented below. 

7.2.2 Basis of Costing 

7.2.2.1 Pipelines 

Pipeline improvements to the distribution and collection systems range in size from 
approximately 8- to 36-inches in diameter. Costs associated with new wastewater 
collection system pipelines recommended for installation in urban areas of the City were 
estimated at a unit cost of $10 per inch diameter per lineal foot (in-dia/lf). Pipelines 
recommended for installation in rural areas were estimated at a unit cost of $8/in-dia/lf. Unit 
costs for installation of potable water distribution system piping were estimated at 
$9/in-dia/lf for installation in rural areas, and $13/in-dia/lf for installation in urban areas. 
Demolition costs for replacement of existing piping were also included in the pipeline costs 
where applicable.



Current Estimate Range

FIGURE 7.1– AACE COST ESTIMATE CLASSIFICATION
WATER & WASTEWATER SYSTEM MASTER PLAN

CITY OF EDMOND, OKLAHOMA
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7.2.2.2 Pump Stations 

Costs associated with new pumping facilities, whether distribution pumping or lift station, 
include electrical, instrumentation, pumps, piping, pump station facility, and valves and 
other appurtenances required for a finished pump station. Costs for fencing, landscaping, 
roadwork, and piling were not included in the estimated costs. These items are not known 
at this time and are covered as a part of the contingency factor described below. 

7.2.2.3 Reservoirs 

Estimated reservoir costs include foundation, site preparation, inlet and outlet piping, and 
mechanical controls, and exclude land acquisition costs. 

7.2.2.4 Wells 

Costs for new wells are based on an estimated or assumed depth of well, and include costs 
for a building, pumps, 6-inch PVC pipe, fittings, valves, and bores. Also included in the 
opinion of costs for new wells are easement costs of $0.50/square foot (sq ft), at 25 feet 
wide for the length of the pipeline connecting the well to the nearest transmission main. 
Replacement of existing wells assumes the existing pumping capacity will be installed in the 
replacement well. Pumping capacity of wells drilled at new well sites was assumed at 
150 gpm. 

7.2.2.5 Treatment Facilities 

Estimated costs for treatment facility improvements are based on costs for similar projects 
that have been previously or recently bid and constructed, and include installation and 
material costs, as well as associated process piping, yard piping, and electrical and 
instrumentation improvements. It is assumed that all treatment plant improvements will be 
implemented on existing City-owned property. 

7.2.2.6 Land Acquisition 

Acquisition of property, easements, and rights-of-way (ROW) will be required for some of 
the recommended projects, particularly new pump stations and reservoir facilities. The 
capital costs do not include collection or distribution system pipeline corridor purchases or 
easement costs because it was assumed that public ROW will be utilized wherever 
possible. Land costs are not easily determined, particularly in the master planning phase, 
and variables affecting properties can result in widely varying land prices. Since land 
acquisition costs are not included in this WWSMP, the final capital costs may vary from the 
estimates presented herein. 
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7.3 CAPITAL IMPROVEMENT PROGRAM 

The CIP projects are prioritized based on their urgency to mitigate existing deficiencies and 
for servicing anticipated growth. It is recommended that improvements to mitigate existing 
deficiencies be constructed as soon as practical. Future improvements geared toward 
meeting growth have a significant total capital cost that will be triggered and phased based 
on the rate and order that the City will develop. 

The recommended CIP improvements and associated opinion of costs are presented 
separately for each system in the sections and tables presented herein. The summary 
tables for each system include CIP project name, project description, estimated 
construction cost, costs associated with engineering design and construction, 
recommended years for design and construction, as well as system triggers for each 
recommended project. Each project in the CIP tables corresponds to the detailed project 
descriptions provided in Sections 3, 4, 5, and 6 of this report. 

7.3.1 Estimated Construction Costs 

Detailed costs are presented in cost opinion spreadsheets included in Appendix E. 

Since knowledge about site-specific conditions of each proposed project is limited at the 
master planning stage, a 30 to 50 percent contingency was applied to the Baseline 
Construction Cost to account for unforeseen events and unknown conditions. 

The Estimated Construction Cost for the proposed improvement consists of the Baseline 
Construction Cost plus the estimating contingency, plus a 10 percent factor for Contractor’s 
overhead and profit. 

7.3.2 Engineering Costs 

Estimated costs for engineering services during design and construction of the 
recommended projects are also included in the CIP tables. Engineering design services 
are estimated at 18 percent of the Estimated Construction Cost (including contingency). 
Engineering services during construction are estimated at 6 percent of the Estimated 
Construction Cost (including contingency). 

7.3.3 Total CIP Project Cost 

The Total Project Cost, in dollars, for each proposed improvement is the total of the 
Estimated Construction Cost (including contingency), plus the Engineering Costs discussed 
in the previous paragraph. 
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7.4 WATER SUPPLY AND TREATMENT CIP 

Recommended improvements at the WTP are discussed in Section 3 of this report. A 
summary of the short- and long-term improvements for expansion of the facilities are briefly 
discussed below and are presented in Table 7.1 and depicted on Figure 7.2. 

The system triggers listed in Table 7.1 for implementing the recommended improvements 
are based on a single peak day event at 90 percent of the peak daily demand during any 
period of an average demand year. Once this trigger is attained, it is recommended that 
design of the improvements be implemented. 

7.4.1 Short-Term Improvements 

Phase I improvements at the WTP (INT-01) include construction of a 45 mgd expansion to 
the existing 12 mgd intake through either the modification of the existing intake or 
installation of a new submerged tee screen intake and siphont. The Phase I improvements 
also include the construction of a new 20 mgd low lift pump station expandable to 45 mgd 
facilities to increase supply to the WTP from Arcadia Lake. Variances from ODEQ and the 
USACE will be required to implement the recommended intake improvements, thus, the 
improvements are recommended for expansion to ultimate capacity of the WTP for a one-
time investment in the intake facilities through water system buildout conditions The budget 
number for the CIP was based upon the construction of a Tee Screen intake and siphon 
due to uncertainties in obtaining permission from the USACE to modify the existing intake.  

Phase I improvements (WTP-01) include an expansion of the existing treatment facilities 
with expansion of the existing 10.5 mgd enhanced softening plant to 30 mgd through the 
addition of two additional 10 mgd treatment trains to provide adequate capacity (30 mgd) 
through the year 2033. 

Phase I improvements include expansion of the existing residuals handling system 
(RES-01) to include additional engineered solids dewatering lagoons, decant structures, 
backwash wastewater storage, thickening clarifiers and pump stations, and thickened 
residuals storage, to accelerate the solids dewatering process. It is assumed that the City 
will continue to implement beneficial reuse of the dewatered residuals though land 
application as an “agricultural lime”.  

Finally, the phase I improvements include certain targeted rehabilitation projects (RHB-01) 
at the existing intake, water treatment plant and residuals systems recommended in the first 
5 years. 
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Table 7.1

EDMOND CIP

WTP PROJECT
CIP # DESIGN(4) CONSTRUCTION(5)

DESIGN CONSTRUCTION

Expand capacity of existing Intake Structure with the 
following modifications: 

(1) Request variance from USACE to increase velocity thru 
18" intake pipe to increase capacity from 13 to 17 mgd
(2) Request variance from USACE to install new, parallel 
30" inlet pipe in USACE tunnel for add'l 37 mgd of 
capacity
(3) Construct a new 20‐mgd Low Lift Pump Station to 
convey the additional water supply

New Pre-Ozone Building (20 mgd Expanble to 30 )

New Rapid Mix Basins (30 mgd)

New Pretreatment Clarifeirs (20 mgd)

New Solids Contact Clarifiers (2 qty; 20mgd)

New Post-Ozone Basin (20 mgd)

New Filter Building (20 mgd)

New Backwash Water Storage Tank (0.35MG)

New Backwash WW Storage (1.2MG)

New High Service Pump Station (20 mgd)

Finished Water Clearwell Baffles
New Lime System/Chemical Building (30 exp to 40 
mgd)
New Ozone Builiding (20 mgd exp to 30 mgd)

Construction of new residuals handling facilites at the 
WTP includes:

Stormwater Diversion around Lagoons
Construction of new thickeners and sludge pump station 
92 @ 50ft diam.
Construction of new solids storage tank

Construction of 10 new engineered Lagoons

Rehabilitation Items at Existing WTP

Rehab Rapid Mix

Rehab Flocculating Clarifier

Replace Lime System (See WTP-1)

 $             72,945,500  $         11,360,600  $                      3,858,100  $              88,164,200 

Screen house Rehab

Secondary RM Rehab

High Lift Pump Station Rehab

Softening basin rehab

Filter Media and valve replacement (partial)

10 mgd addition to LLPS Expansion from 20-30 mgd

Rehab Existing 12 mgd LLPS and 20 mgd LLPS
New parallel 2000 ft 36-inch Raw Water Pipeline to 
Plant

 $                           74,700 

Phase II INT-02 (10)

 $                1,245,000 2024 2025 Age of Equipment +20 years

Expansion of LLPS Facilities to 40 mgd

Intake and Low Lift 
Pumping/ 

Transmission

Intake -59 mgd  
LLPS - 32 mgd 
Transmission - 

35 mgd

2014 2018

Peak Daily WTP Demand > 27  mgd

TOTAL Intake: 59 mgd    
LLPS New -10 mgd  LLPS 

Existing - 32 mgd        
TOTAL LLPS = 42 mgd  
Transmission - 70 mgd

 $               7,000,000  $              980,000  $                         420,000  $                8,400,000 2032 2035

WTP Unit 
Processes

10.5 30.0  $             49,871,700 

Phase II RHB-02

Rehabilitation Items at Existing WTP

WTP 
Rehabilitation/Repl

acement
10.5 10.5  $                  946,200 

Total Phase I Improvements:

 $              224,100 

Construct new treatment facilities at the WTP for a full 
softening plant with ozone biofiltration. Includes: 

 $           6,767,300 
Increased Reliance on Lake Arcadia and 
Reduction of Wholesale Purchases from 

OKC 

RHB-01
WTP 

Rehabilitation/Repl
acement

10.5 10.5

Phase I

INT-1
Intake and Low Lift 

Pumping/ 
Transmission

Intake -13 mgd  
LLPS - 12 mgd 
Transmission - 

35 mgd

TOTAL Intake: 59 mgd  
New Intake - 45 mgd  

Rerated Intake - 17 mgd  
LLPS New -20 mgd  LLPS 
Existing - 12 mgd  TOTAL 

LLPS = 32 mgd

 $               9,000,000  $           1,260,000  $                         540,000  $              10,800,000 

 $                      2,207,000  $              58,846,000 

 $                  102,600  $                24,300  $                             8,100  $                   135,000 

WTP-01

RES-01
WTP Residuals 

Handling
5.5 16.2  $             13,971,200  $           3,309,000  $                      1,103,000  $              18,383,200 

PROJECT DESCRIPTION PROJECT

TREAMENT CAPACITY (MGD)(1) PROJECT COSTS(2)

ESTIMATED CIP YEAR(6)

SYSTEM TRIGGER(7) NOTES
EXISTING/ 
PREVIOUS PROPOSED

(8)

CONSTRUCTION 

COSTS(3)

ENGINEERING

TOTAL PROJECT

2014 2018
Increased Reliance on Lake Arcadia and 
Reduction of Wholesale Purchases from 

OKC 

2014 2018
Rehabilitation of exisitng WTP High Wear 

Items

(9)

2014
Increased Reliance on Lake Arcadia and 
Reduction of Wholesale Purchases from 

OKC 
2018

CAPITAL IMPROVEMENTS (WITH IPR) - NEAR-TERM AND LONG-TERM GROWTH AND SYSTEM OPERATION IMPROVEMENTS

Water Supply and Treatment Short and Long Term CIP
Water and Wastewater System Master Plan
City of Edmond, Oklahoma
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Table 7.1

EDMOND CIP

WTP PROJECT
CIP # DESIGN(4) CONSTRUCTION(5)

DESIGN CONSTRUCTIONPROJECT DESCRIPTION PROJECT

TREAMENT CAPACITY (MGD)(1) PROJECT COSTS(2)

ESTIMATED CIP YEAR(6)

SYSTEM TRIGGER(7) NOTES
EXISTING/ 
PREVIOUS PROPOSED

CONSTRUCTION 

COSTS(3)

ENGINEERING

TOTAL PROJECT

CAPITAL IMPROVEMENTS (WITH IPR) - NEAR-TERM AND LONG-TERM GROWTH AND SYSTEM OPERATION IMPROVEMENTS

Water Supply and Treatment Short and Long Term CIP
Water and Wastewater System Master Plan
City of Edmond, Oklahoma

Addition of a third screen into existing structure (10 mgd)

New Pre-Ozone Equipment Expansion (20 to 30 mgd)

New Pretreatment Basin (10 mgd)

New Solids Contact Clarifier (1 qty; 10 mgd)

New Post-Ozone Building (15 mgd)

New Filters (10 mgd)

New Clearwell  and baffle walls(4 MG)

New High Service Pumps (2 qty; 10 mgd)

Standby Power Generation & Fuel Storage

[  Expansion of Chemical Building  30 to 40 mgd

    Addition of 6 new Dewatering Lagoons

Additional Solids Storage and Pumps

 $             45,649,800  $           6,889,700  $                      2,358,200  $              54,897,700 

PreOzone Rehabilitation

Flocculating Clarifier Rehab

Post Ozone System Replacement

Filter Media and valve replacement (partial)

10 mgd addition to LLPS Expansion from 30-40 mgd

Rehab Existing 12 mgd LLPS and 30 mgd LLPS

Select Pipeline Rehab (ARV and Valve Replacements))

Select Pipeline Rehab (ARV and Valve Replacements))

Phase II WTP-02

Expansion of WTP Facilities. Includes expansion 
of/modifications to:

WTP Unit 
Processes

30.0 40.0 $             32,081,700  $           4,354,000  $                      1,419,600  $              37,855,300 2030 2035 Peak Daily WTP Demand > 27  mgd (11)

Phase III INT-03

Phase III RHB-03

Intake -13 mgd  
LLPS - 32 mgd 
Transmission - 

35 mgd

TOTAL Intake: 59 mgd    
LLPS New -12 mgd  LLPS 

Existing - 42 mgd        
TOTAL LLPS = 54 mgd  
Transmission - 70 mgd

 $                         280,000  $                5,775,000 2043 2046

2044 Age of Equipment +20 years

Peak Day WTP Demand >36.6 (12)

2030 Peak Daily WTP Demand > 27  mgd2035 $                7,397,400  $           1,331,600  $                         443,900 (11)

Total Phase II Improvements:

Expansion of LLPS Facilities to 54 mgd

Intake and Low Lift 
Pumping/ 

Transmission

 $              360,000  $                         120,000  $                2,000,000 2043

 $               4,656,000  $              839,000 

Phase II RES-02

Expansion of Residuals Handling Facilities:

WTP Unit 
Processes

16.2 17.8  $               5,621,900 

Rehabilitation Items at Existing WTP

WTP 
Rehabilitation/Repl

acement
30.0 30.0  $               1,520,000 
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Table 7.1

EDMOND CIP

WTP PROJECT
CIP # DESIGN(4) CONSTRUCTION(5)

DESIGN CONSTRUCTIONPROJECT DESCRIPTION PROJECT

TREAMENT CAPACITY (MGD)(1) PROJECT COSTS(2)

ESTIMATED CIP YEAR(6)

SYSTEM TRIGGER(7) NOTES
EXISTING/ 
PREVIOUS PROPOSED

CONSTRUCTION 

COSTS(3)

ENGINEERING

TOTAL PROJECT

CAPITAL IMPROVEMENTS (WITH IPR) - NEAR-TERM AND LONG-TERM GROWTH AND SYSTEM OPERATION IMPROVEMENTS

Water Supply and Treatment Short and Long Term CIP
Water and Wastewater System Master Plan
City of Edmond, Oklahoma

Expansion of WTP Facilities to 54 mgd. Includes 

New Pre-Ozone Building (14 mgd)

New Post-Ozone Building (14 mgd)

New Recarb Basin (14 mgd)

New Lime System Building (14 mgd)

New Solids Contact Clarifier (1 qty; 12 mgd))

New Filters (14 mgd)

Two New Clearwells (2.5 MG each)

New High Service Pump Station (4 qty; 14 mgd)

New Sludge Lagoons (8 qty)

Expansion of Residuals Handling Facilities:

New Sludge Lagoons (8 qty)

New Sludge Storage Tank

3rd  sludge Thickener with wall connnection

 $             57,304,300  $           8,807,300  $                      2,892,400  $              69,004,000 

NOTES:

1 At Peak Daily flow conditions, unless otherwise noted.

2 Costs are presented in January 2013 dollars.

3 Construction costs include 50% estimating contigency.

4 Engineering Design includes Engineering, Legal and Administrative fees, and is estimated as 14% of estimated construction costs.

5 Engineering Costs during construction are inclusive of resident inspection services. These costs are expected to be incurred during the construction CIP years, and are estimated at 6% of construction costs.

6 Estimated CIP Year indicates Fiscal years in which majority of costs to be incurred. Construction year shown as year CIP needed to be completed. Design recommended when average demands approach 90% of the water supply available capacity to maintain a 10% reserve capacity during design & construction.

7 System trigger indicates that design should begin in the fiscal year following the period in which the trigger (single peak day) is attained. Shown as 90% of Peak Daily demand on the WTP during any period of a normal (average) year to maintain 10$% reserve capacity for duration of design and construction.

8 Intake structure recommended for a one time expansion to handle to supply ultimate peak day WTP demand. Will require timely approval by USACE. The system trigger is based on the assumption that no supply will be required from OKC between 2017 and 2042.

9 This expansion of the WTP Facilities will expand treatment capacity to 30-mgd to provide water supply, in addition to wells, to meet peak demands thru year 2029. The system trigger assumes no supply required from OKC for the period 2017-2042.

10 Expansion of the existing LLPS capacity from 32 mgd to 42 mgd, construction of a parallel 36-inch pipeline to increase piping transmission capacity to 70 mgd and provide additional redundancy. 

11 This expansion of the WTP Facilities will expand treatment capacity to 40-mgd to provide water supply, in addition to wells, to meet peak demands thru year 2042. The system trigger assumes no supply required from OKC for the period 2017-2042. Beyond Year 2042, add'l supply from OKC will be required.

12 Expansion of the existing LLPS capacity from 42 mgd to 54 mgd, through the addition of 12 mgd of Low lift pumping capacity. 

13 This expansion of the WTP Facilities will expand treatment capacity to 52-mgd to provide water supply, in addition to wells, to meet peak demands beyond year 2042 as needed. The system trigger assumes no supply required from OKC.

Phase III RES-03

WTP-03Phase III (13)

(13)54.017.8  $                         523,300 

Total Phase III Improvements:

 $           6,038,500  $                      1,969,100  $              52,508,000 2043 Peak Daily Demand > 36.6

Peak Daily Demand > 36.6

2046

2043 2046 $                8,721,000  $           1,569,800  $               6,627,900 
WTP Unit 
Processes

WTP Unit 
Processes

0.0 54.0  $             44,500,400 
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7.4.2 Long-Term Improvements 

Phase II of the Intake improvements (INT-02) recommends the expansion of the low lift 
pumping capacity to 42 mgd with a 10 mgd expansion of the 20 mgd low lift pump station 
and continued operation of the 12 mgd low lift pump station through station rehabilitation. It 
also involved the construction of a new parallel 36-inch pipeline to the water treatment 
plant. Although, the total combined capacity of 70 mgd in the raw water pipelines (35 
mgd/eac) exceeds the capacity of the plant (40 mgd), a second 36-inch pipeline provides a 
measure of redundancy in the raw water transmission capacity and permits additional 
capacity should IPR be implemented at Arcadia Lake to satisfy ultimate demand conditions 
(54 mgd).  

Phase II to expand the WTP (WTP-02) to a total capacity of 40 mgd involves the addition of 
another 10 mgd treatment train at the water treatment plant. This project is recommended 
for implementation by the year 2030 to provide capacity by the year 2033 to meet projected 
demands.  

Phase II improvements include expansion of the existing residuals handling system 
(RES-02) to include additional thickened residuals storage and engineered solids 
dewatering lagoons and associated decant structures. It is assumed that the City will 
continue to implement beneficial reuse of the dewatered residuals though land application 
as an “agricultural lime”.  

Finally, the phase I improvements include certain targeted rehabilitation projects (RHB-02) 
at the existing intake, water treatment plant and residuals systems recommended in the 
10-20 years timeframe. 

Phase III of the intake improvements (INT-03) recommends the expansion of the low lift 
pumping station capacity from 42 mgd to 54 mgd through the addition of 12 mgd of 
additional pumping capacity.  

Phase III of the WTP improvements (WTP-03) involves the expansion of the treatment 
process through addition of a 14 mgd treatment train to increase the capacity of the WTP to 
an ultimate capacity of 54 mgd. This capacity can be achieved at the WTP if the supply in 
Arcadia Lake is augmented by reclaimed water from the CCWWTP for IPR.  

Phase III improvements include expansion of the existing residuals handling system 
(RES-03) to include a third thickener connected to the thickener complex, and additional 
engineered solids dewatering lagoons and associated decant structures. It is assumed that 
the City will continue to implement beneficial reuse of the dewatered residuals though land 
application as an “agricultural lime”. Finally, the phase III improvements include certain 
targeted rehabilitation projects (RHB-03) at the existing intake, water treatment plant, 
expanded WTP, and residuals systems recommended in the 10-20 years timeframe. These 
projects should be completed no matter the status of the IPR alternative.  
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7.5 WATER DISTRIBUTION SYSTEM CIP 

Presented below are the recommended water distribution system improvements for pump 
stations, distribution system water lines and system storage. Also presented is a discussion 
of other recommended improvements and programs. Project cost estimates are presented 
for all recommended improvements. The recommendations are presented by project type 
and discussed in order of need. The recommended improvements are also shown on 
Figure 7.3. 

A summary of all the recommended improvements is presented in Table 7.2. Table 7.2 
provides for prioritized project sequencing by illustrating fiscal year project needs for each 
facility or improvement category.  

The analysis found that distribution system water line improvements are needed to provide 
improved hydraulic transmission capacity within the distribution system, and provide for 
improved fire flow capacities. 

7.5.1 Short-Term Improvements 

Short-term improvements include upsizing and paralleling of existing lines to handle 
projected max day demands, reduce water age, and achieve industry recommended fire 
flow standards. Improvements to existing water distribution complexes to add storage and 
modify booster pumping capacities are also recommended to handle increased near-term 
demands and relieve storage deficiencies within the system. 

In addition  

Construction of new wells and replacement of some existing wells, based on an end of 
service life of 50 years, is also recommended in the short-term to maintain adequate supply 
to meet projected demands. 

7.5.2 Long-Term Improvements 

Longer term and future improvements are recommended to meet future demands and 
demands for future service areas.  
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Table 7.2 ‐ Distribution System CIP
Water and Wastewater System Master Plan
City of Edmond, OK

DRAFT

SYSTEM TRIGGER(6)

EXISTING PROPOSED/NEW DESIGN(3) CONSTRUCTION(4) DESIGN CONSTRUCTION PSI @ MDD OR DEMAND CAPACITY

UPSZ-1
UPSIZE EXISTING PIPE TO 
MEET MDD+FIREFLOW

ALONG WYNN DR, 
BETWEEN E. 33RD ST & 
BONAIRE DR

6" 12" (U) 1,830             580,000$                    105,000$                 35,000$                  720,000$                    2013 2014 45 PSI @ TELELOGGER #4 (7)

TWR-1

INSTALL ADD'L NEW 
ELEVATED STORAGE 
TOWER FOR STORAGE 
REQUIREMENTS AND VALVE 
AUTOMATION

NW PUMPING COMPLEX 2 MG STORAGE
4 MG STORAGE 

(A)
-- 8,740,000$                 1,574,000$              525,000$                10,839,000$               2013 2014 -- (13)

UPSZ-2
UPSIZE EXISTING PIPE WITH 
LARGER DIAMETER TO MEET 
MDD+FIREFLOW

ALONG E. 33RD ST, 
BETWEEN S. KELLY AVE & S. 
BROADWAY

10" 18" (U) 2,610             1,150,000$                 207,000$                 69,000$                  1,426,000$                 2015 2016 45 PSI @ TELELOGGER #4 (8)

UPSZ-3
UPSIZE EXISTING PIPE WITH 
LARGER DIAMETER TO MEET 
MDD+FIREFLOW

ALONG E. 33RD ST, 
BETWEEN S. BROADWAY & 
S. BRYANT

8" 18" (U) 2,400             1,060,000$                 191,000$                 64,000$                  1,315,000$                 2015 2016 45 PSI @ TELELOGGER #4 (8)

UPSZ-4
UPSIZE EXISTING PIPE TO 
MEET MDD+FIREFLOW

ALONG DANFORTH, FROM 
KELLY TO BRYANT

12" 16" (U) 13,050           5,190,000$                 935,000$                 312,000$                6,437,000$                 2015 2016 45 PSI @ TELELOGGER #3 (7)

TWR-2

INSTALL ADD'L NEW 
ELEVATED STORAGE 
TOWER FOR STORAGE 
REQUIREMENTS

COLLEGE PUMPING 
COMPLEX

1 MG STORAGE
3 MG STORAGE 

(A)
-- 8,640,000$                 1,556,000$              519,000$                10,715,000$               2015 2016 -- (13)

TWR-3
NEW ELEVATED STORAGE 
TOWER AND SITE FOR 
STORAGE REQUIREMENTS

NEW NE PUMPING COMPLEX --
2 MG STORAGE 

(N)
-- 8,960,000$                 1,613,000$              538,000$                11,111,000$               2015 2016 -- (13)

NEW-1
INSTALL NEW PIPE TO 
INCREASE LEVEL OF 
SERVICE AND REDUNDANCY

ALONG SOUTH CITY LIMITS, 
FROM KELLY AVE TO JUST 
EAST OF RAILROAD TRACKS

-- 12" (N) 920                240,000$                    44,000$                   15,000$                  299,000$                    2015 2016 45 PSI @ TELELOGGER #4 (9)

MAIN-1

INSTALL NEW 
TRANSMISSION MAIN TO 
MEET PROJECTED MDD; 6 
NEW WELLS, SPACED 1/2-
MILE INCLUDED ON LINE

ALONG POST RD, JUST 
SOUTH OF WTP TO JUST 
SOUTH OF COFFEE CREEK 
RD

-- 18" (N) 21,800           10,920,000$               1,966,000$              656,000$                13,542,000$               2015 2017
DEPENDENT UPON FUTURE 

DEVELOPMENT
(10)

TANK-1

INSTALL ADD'L NEW 
GROUND STORAGE TANK 
AND ASSOCIATED PUMPING 
STATION FOR STORAGE 
REQUIREMENTS

NE PUMPING COMPLEX 2 MG STORAGE

3,000 GPM PUMP 
STATION/        

4 MG STORAGE 
(A)

-- 5,070,000$                 913,000$                 305,000$                6,288,000$                 2020 2021 -- (13)

MAIN-2

NEW DISTRIBUTION MAIN TO 
MEET PROJECTED MDD; 
CONVEYS FLOW FROM MAIN-
1 TO TWR-3

FROM NEW NW COMPLEX, 
SW OF POST RD & COFFEE 
CREEK RD, WEST & NORTH 
ACROSS COFFEE CREEK RD 
THEN BACK EAST TO POST 
RD, THEN NORTH TO NEW 
TOWER NE OF POST RD & 
SORGHUM MILL RD

-- 18" (N) 11,500           4,780,000$                 861,000$                 287,000$                5,928,000$                 2015 2017 -- (10)

WEL-1
CONSTRUCT 7 NEW WELLS 
FOR ADD'L WATER SUPPLY 
TO MEET PEAK DEMANDS

COVELL RD (2); BROADWAY 
(1); SANTA FE (1); BETWEEN 
DANFORTH/COVELL (2); 
COFFEE CREEK RD (1)

8.0 MGD 9.5 MGD (N) --  $                 5,070,000  $                913,000  $                305,000  $                 6,288,000 2015 2017
NEAR-TERM SUPPLY CAPACITY 

AND DISTRIBUTION 
IMPROVEMENTS

(15)

WEL-2
REPLACE 6 EXISTING WELLS 
DUE TO END OF SERVICE 
LIFE

6 EXISTING WELLS TBD 1.6 MGD 1.6 MGD (R) --  $                 5,170,000  $                931,000  $                311,000  $                 6,412,000 2015 2017 -- (16)

65,570,000$               11,809,000$           3,941,000$            81,320,000$              

PARL-1
INSTALL NEW PIPE 
PARALLEL TO EXISTING TO 
MEET MDD

ALONG KELLY AVE, FROM 
33RD TO 15TH STREET

12" 12" (P) 5,400             1,360,000$                 245,000$                 82,000$                  1,687,000$                 2020 2021 45 PSI @ TELELOGGER #2 (9)

UPSZ-5
UPSIZE EXISTING PIPE TO 
MEET PROJECTED 
MDD+FIREFLOW

ALONG 33RD FROM 
BROADWAY TO BRYANT; 
THEN NORTH ON BRYANT 
TO 2ND

8"/12" 18" (U) 15,800           6,570,000$                 1,183,000$              395,000$                8,148,000$                 2020 2021
DEPENDENT UPON FUTURE 

DEVELOPMENT
(7)

UPSZ-6
UPSIZE EXISTING PIPING TO 
MEET MDD+FIREFLOW

ALONG KELLY FROM 15TH 
ST. TO DANFORTH

12" 18" (U) 10,600           4,410,000$                 794,000$                 265,000$                5,469,000$                 2020 2021 45 PSI @ TELELOGGER #1 (7)

CAPITAL IMPROVEMENTS (WITH IPR) - NEAR-TERM AND LONG-TERM GROWTH AND SYSTEM OPERATION IMPROVEMENTS

EDMOND 
DISTRIBUTION 
SYSTEM CIP CIP PROJECT # PROJECT LOCATION

CAPACITY/SIZE

LENGTH (FT)

PROJECT COSTS(1)

CIP YEAR(5)

COMMENT

ENGINEERING

TOTAL PROGRAM 
COSTS

CONSTRUCTION 

COSTS(2)PROJECT

Priority Level A

TOTAL PRIORITY LEVEL A CIP PROJECTS:
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Table 7.2 ‐ Distribution System CIP
Water and Wastewater System Master Plan
City of Edmond, OK

DRAFT

SYSTEM TRIGGER(6)

EXISTING PROPOSED/NEW DESIGN(3) CONSTRUCTION(4) DESIGN CONSTRUCTION PSI @ MDD OR DEMAND CAPACITY

CAPITAL IMPROVEMENTS (WITH IPR) - NEAR-TERM AND LONG-TERM GROWTH AND SYSTEM OPERATION IMPROVEMENTS

EDMOND 
DISTRIBUTION 
SYSTEM CIP CIP PROJECT # PROJECT LOCATION

CAPACITY/SIZE

LENGTH (FT)

PROJECT COSTS(1)

CIP YEAR(5)

COMMENT

ENGINEERING

TOTAL PROGRAM 
COSTS

CONSTRUCTION 

COSTS(2)PROJECT

NEW-2
NEW DISTRIBUTION PIPING TO 
HELP WITH SYSTEM RELIABILITY 
AND EFFICIENCY

ALONG AIR DEPOT, FROM 
SORGHUM MILL RD, SOUTH TO 
SOUTH OF COFFEE CREEK RD

-- 16" (N) 22,400           8,370,000$                 1,507,000$              503,000$                10,380,000$               2020 2021
DEPENDENT UPON FUTURE 

DEVELOPMENT
(10)

NEW-3

NEW DISTRIBUTION PIPING TO 
HELP WITH SYSTEM RELIABILITY 
AND EFFICIENCY

FROM NEW‐2 (JUST SOUTH OF 
COFFEE CREEK RD), WEST TO 
SOONER RD, THEN SOUTH ON 
SOONER TO COVELL RD, THEN 
WEST, ENDING WEST JUST 
WEST OF SOONER RD

-- 12" (N) 9,700             2,820,000$                 508,000$                 170,000$                3,498,000$                 2020 2021
DEPENDENT UPON FUTURE 

DEVELOPMENT
(10)

MAIN-3
NEW DISTRIBUTION MAIN TO 
MEET PROJECTED MDD

FROM THE WTP, NORTH 
ALONG POST RD, THEN 
WEST ALONG 2ND ST TO I-
35 COMPLEX

-- 36" (N) 24,700            $               19,510,000  $             3,512,000  $             1,171,000  $               24,193,000 2020 2022 -- (18)

TANK-2

INSTALL ADD'L NEW 
GROUND STORAGE TANK 
AND ASSOCIATED PUMPING 
STATION FOR STORAGE 
REQUIREMENTS

I-35 PUMPING COMPLEX 2 MG STORAGE

3,000 GPM PUMP 
STATION/        

6 MG STORAGE 
(A)

-- 10,590,000$               1,907,000$              636,000$                13,133,000$               2020 2021
DEPENDENT UPON FUTURE 

DEVELOPMENT
(12)

PS-1

PUMP STATION 
REPLACEMENT AND 
GROUND STORAGE TANK 
REPLACEMENT TO IMPROVE 
OPERATIONS

REPLACE COLLEGE 
PUMPING STATION AND 
STORAGE TANK

3,600 GPM PUMP 
STATION/         

3 MG STORAGE

3,600 GPM PUMP 
STATION (R)/ 3 

MG STORAGE (R)
-- 4,800,000$                 864,000$                 288,000$                5,952,000$                 2021 2023 NA (13,14)

WEL-3
CONSTRUCT 8 NEW WELLS 
FOR ADD'L WATER SUPPLY 
TO MEET PEAK DEMANDS

COFFEE CREEK RD (3); 
SOONER RD (1); 2ND ST (4)

9.5 MGD 11.2 MGD (N) --  $                 7,110,000  $             1,280,000  $                427,000  $                 8,817,000 2021 2023
PEAK DAILY SYSTEMWIDE DEMAND 

>32 MGD
(15)

WEL-4
REPLACE 7 EXISTING WELLS 
DUE TO END OF SERVICE 
LIFE

7 EXISTING WELLS TBD 1.9 MGD 1.9 MGD (R) --  $               20,360,000  $             3,665,000  $             1,222,000  $               25,247,000 2023 2025 -- (17)

85,900,000$               15,465,000$           5,159,000$            106,524,000$           

NEW-4
INSTALL NEW PIPE TO MEET 
MDD AND REDUNDANCY

SOUTH ALONG BRYANT AVE, 
BETWEEN DANFORTH AND 2ND 
STREET

-- 18" (N) 5,200             2,160,000$                 389,000$                 130,000$                2,679,000$                 2025 2026 -- (10)

NEW-5
INSTALL NEW PIPE TO MEET 
MDD AND REDUNDANCY

ALONG 2ND STREET, FROM 
BRYANT, EAST TO SOONER RD

-- 16" (N) 10,500           3,930,000$                 708,000$                 236,000$                4,874,000$                 2025 2026 -- (10)

TWR-4

INSTALL ADD'L NEW 
ELEVATED STORAGE 
TOWER FOR STORAGE 
REQUIREMENTS AND VALVE 
AUTOMATION

33RD STREET PUMPING 
COMPLEX

--
2 MG STORAGE 

(A)
-- 8,740,000$                 1,574,000$              525,000$                10,839,000$               2026 2027 -- (13)

WEL-5
REPLACE 16 EXISTING 
WELLS DUE TO END OF 
SERVICE LIFE

16 EXISTING WELLS TBD 5.0 MGD 5.0 MGD (R) --  $               14,320,000  $             2,578,000  $                860,000  $               17,758,000 2028 2030 -- (18)

29,150,000$               5,249,000$             1,751,000$            36,150,000$              

WEL-6
REPLACE 13 EXISTING 
WELLS DUE TO END OF 
SERVICE LIFE

14 EXISTING WELLS TBD 3.0 MGD 3.0 MGD (R) --  $               11,410,000  $             2,054,000  $                685,000  $               14,149,000 2030 2035 -- (18)

WEL-7
REPLACE 10 EXISTING 
WELLS DUE TO END OF 
SERVICE LIFE

10 EXISTING WELLS TBD 2.7 MGD 2.7 MGD (R) --  $                 8,690,000  $             1,565,000  $                522,000  $               10,777,000 2040 2045 -- (18)

20,100,000$               3,619,000$             1,207,000$            24,926,000$              

200,720,000$       36,142,000$      12,058,000$     248,920,000$     

FUT-1
NEW PIPE TO MEET 
PROJECTED MDD

ALONG 2ND ST, EAST TO 
DOUGLAS, THEN NORTH 
ALONG DOUGLAS TO 
SORHUM MILL

-- 12" (N) 31,400           5,460,000$                 983,000$                 328,000$                6,771,000$                 2017 2018 -- (11)

FUT-2
NEW PIPE TO MEET 
PROJECTED MDD

ALONG COVELL FROM 
DOUGLAS EAST TO POST 
RD; NORTH TO SORGHUM 
MILL; WEST TO CONNECT 
WITH NEW-4

-- 12" (N) 17,350           3,020,000$                 544,000$                 182,000$                3,746,000$                 2022 2023 -- (11)

TOTAL FUTURE DISTRBUTION IMPROVEMENTS (FOR CITY):

New Development 
Construction 

Improvements

TOTAL DISTRIBUTION SYSTEM CIP (WITHOUT IPR):

Future Projects

TOTAL PRIORITY LEVEL B CIP PROJECTS:

TOTAL PRIORITY LEVEL C CIP PROJECTS:

Priority Level B

Priority Level C

Chp07 Tables_a.xlsx Page 2 of 3 Updated: 12/20/2013



Table 7.2 ‐ Distribution System CIP
Water and Wastewater System Master Plan
City of Edmond, OK

DRAFT

SYSTEM TRIGGER(6)

EXISTING PROPOSED/NEW DESIGN(3) CONSTRUCTION(4) DESIGN CONSTRUCTION PSI @ MDD OR DEMAND CAPACITY

CAPITAL IMPROVEMENTS (WITH IPR) - NEAR-TERM AND LONG-TERM GROWTH AND SYSTEM OPERATION IMPROVEMENTS

EDMOND 
DISTRIBUTION 
SYSTEM CIP CIP PROJECT # PROJECT LOCATION

CAPACITY/SIZE

LENGTH (FT)

PROJECT COSTS(1)

CIP YEAR(5)

COMMENT

ENGINEERING

TOTAL PROGRAM 
COSTS

CONSTRUCTION 

COSTS(2)PROJECT

FUT-3
NEW PIPE TO MEET 
PROJECTED MDD

ALONG MIDWEST BLVD, 
FROM COVELL TO 
SORGHUM MILL

-- 10" (N) 10,500           1,530,000$                 276,000$                 92,000$                  1,898,000$                 2027 2028 -- (11)

FUT-4
NEW PIPE TO MEET 
PROJECTED MDD

ALONG COFFEE CREEK RD, 
TO BETWEEN AIR DEPOT & 
POST RD

-- 12" (N) 16,000           2,780,000$                 501,000$                 167,000$                3,448,000$                 2027 2028 -- (10)

10,010,000$               1,803,000$              602,000$                12,415,000$               

NOTES:

1 Costs are presented in January 2013 dollars.

2 Construction costs include 50% estimating contigency.

3 Engineering Design includes Study-phase, Preliminary, and Final Engineering, Legal and Administrative fees, and is estimated as 18% of estimated construction costs.

4 Engineering Costs during construction are inclusive of resident inspection services. These costs are expected to be incurred during the construction CIP years, and are estimated at 6% of construction costs.

5 Estimated CIP Year indicates Fiscal years in which majority of costs to be incurred. Design and construction of projects can occur within the range of years listed.

6 System trigger indicates that design should begin in the fiscal year following the period in which the trigger is attained. Trigger is pressure at respective telelogger location, at Max Day Demand conditions.

7 Upsize existing pipes with larger diameter pipe. Cost includes demolition of existing pipe for in-place replacement with new pipe. Other construction methods (e.g. trenchless) may be selected as part of site-specific design.

8 Install new pipe parallel to existing pipe.

9 New piping to be installed parallel to existing piping to create a loop system.

10 Install new piping that will service as a transmission or distribution main to meet future projected max day demands.

11 FOR DEVELOPER, NOT INCLUDED IN CITY'S CIP. Install new piping to serve future, projected demands in future developments.

12 New 4 MG ground storage tank to be installed to supplement available storage to meet projected storage requirements for the CIP year. Cost includes install of 280 LF of new piping to and from the new tank.

13 Install new 2 MG elevated tower or ground storage tank to meet projected storage requirements for the CIP year. Cost inludes install of 1000 LF of 24-inch piping to/from the new tank.

14 Replace old system at end of its service life (equipment, facilities, etc.) with new.

15 Additional 1.5 mgd of new well capacity to be constructed in 2017, and 1.7 mgd of new well capacity to be constructed in 2023 to supplement water supply in lieu of purchasing supply from OKC.

16 Replace existing wells at or approaching 50 years of age (existing wells drilled from 1952-1967). Maximum pumping capacity of wells within this age range at the time of this report = 1,123 gpm, per Tbl 2-2 in 50 Year Water Supply Plan (CDM, 2009). Replacement well yield assumed equal to existing well yield.

17 Replace existing wells at or approaching 50 years of age (existing wells drilled 1971-1975). Maximum pumping capacity of wells within this age range at the time of this report = 1,293 gpm, per Tbl 2-2 in 50 Year Water Supply Plan (CDM, 2009). Replacement well yield assumed equal to existing well yield.

18 Replace existing wells at or approaching 50 years of age (existing wells drilled 1977-1980). Maximum pumping capacity of wells within this age range at the tome of this report = 3,463 gpm, per Tbl 2-2 in 50 Year Water Supply Plan (CDM, 2009). Replacement well yield assumed equal to existing well yield.

19 Replace existing wells at or approaching 50 years of age (existing wells drilled 1981-1986). Maximum pumping capacity of wells within this age range at the time of this report = 2,089 gpm, per Tbl 2-2 in 50 Year Water Supply Plan (CDM, 2009). Replacement well yield assumed equal to existing well yield.

20 Replace existing wells at or approaching 50 years of age (existing wells drilled 1992-2005). Maximum pumping capacity of wells within this age range at the time of this report = 1,881 gpm, per Tbl 2-2 in 50 Year Water Supply Plan (CDM, 2009). Replacement well yield assumed equal to existing well yield.

MDD = MAXIMUM DAY DEMAND

N = NEW

P = PARALLEL

U = UPSIZE

A = ADDITIONAL CAPACITY ADDED

R = REPLACE IN KIND

TOTAL FUTURE DISTRBUTION IMPROVEMENTS (FOR FUTURE DEVELOPER):
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7.6 COLLECTION SYSTEMS CIP 

When additional collection system capacity is required, existing sewers can be replaced or 
paralleled. For purposes of this WWSMP, it was assumed that a deficient existing sewer will 
be replaced with a larger pipeline, or paralleled with a similar-sized pipe at the same slope 
as the existing pipeline if it was found that the existing pipe had adequate capacity to 
handle average flow conditions. The final decision to replace or parallel the existing pipeline 
should be made during the preliminary design phase. The criteria used to determine 
whether an existing pipeline should be replaced were based on the pipeline’s capacity to 
convey wet weather flows during the 10-year, 24-hour design storm while maintaining a 
surcharge level no higher than 2 feet from the water surface elevation to the rim elevation of 
the respective manhole. 

During the preliminary design phase, the existing sewer should be inspected by CCTV to 
determine its structural and overall condition. If severely deteriorated, the existing sewer 
should be replaced. If the pipeline is still in acceptable condition, a parallel sewer can be 
constructed to convey the excess flows. 

A summary of the recommended CIP for the collections system is presented in Table 7.3 
and depicted in Figure 7.4 

7.6.1 Short-Term Improvements 

7.6.1.1 Pipeline Improvements 

Short-term pipeline improvements, identified as Priority Levels A and B projects, include 
upsizing and paralleling of existing sewer pipes to alleviate surcharging and eliminate SSOs 
that have previously been observed at certain manholes in the system. 

The system trigger for the recommended pipeline improvements is linked to observed 
measurements at a specific flow monitoring location, discussed in Section 5. It is 
recommended that the design of the recommended improvement begin in the fiscal year 
following the period in which the flow trigger is attained. When the instantaneous flow rate is 
observed at the respective flow monitor location for a consecutive period of 3 or more wet 
weather events, the recommended improvement should be implemented. (A wet weather 
event is defined as a period of time without 5-days of consecutive dry weather conditions.) 

7.6.1.2 Lift Station Improvements 

Many of the lift station improvements recommended as Priority Level A, are to handle 
projected increased flows to the respective subbasin(s) which the lift station serves. 

Those recommended for Priority Level B are for replacement of existing equipment that has 
outlived its useful life, which is typically 20 years for equipment used for sewage service. 
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Table 7.3 ‐ Collection System CIP
Water and Wastewater System Master Plan
City of Edmond, OK

DRAFT

EXISTING PROPOSED DESIGN(4) CONSTRUCTION(5) DESIGN CONSTRUCTION FLOW (CFS) LOCATION

LS-1
REPLACEMENT OF EXISTING LIFT 
STATION TO HANDLE 
PROJECTED PEAK FLOWS

NEW SPRING CREEK LIFT STATION 
WITH PARALLEL FORCE MAIN.

3,500 gpm 15,331 gpm -- 22,800,000$                4,104,000$               1,368,000$                         28,272,000$                           2014 2015
Average Day Flow to 
Lift Station > 4.0 
MGD

-- (11)

LS-2

NEW LIFT STATION IN 
REPLACEMENT OF TWO 
EXISTING LIFT STATIONS (33RD 
ST & 40TH ST)

NEW LIFT STATION IN SUBBASIN E6. 600 gpm 600 gpm -- 4,510,000$                  812,000$                  271,000$                            5,593,000$                             2014 2015 -- -- (13)

LS-3

MODIFICATIONS TO EXISTING 
LIFT STATION FACILITY FOR 
FLOW ATTENUATION TO ACCEPT 
ADD'L FLOW

MODIFICATIONS TO EXISTING CHISHOLM
CREEK LIFT STATION AND ASSOCIATED 
HOLDING POND

2,000 gpm
2,000 gpm + 4.0 
MG STORAGE 

CAPACITY
-- 2,480,000$                  447,000$                  149,000$                            3,076,000$                             2022 2023 -- -- (14)

E5-1
UPSIZE TO ALLEVIATE 
SURCHARGING, AND OBSERVED 
OVERFLOWS

(E5) NEAR INTERSECTION OF E. 15TH & 
BRYANT, FROM HAFER PARK TO JUST 
EAST OF 19TH ST. ON THE SOUTH SIDE 
OF E. 15TH ST.

10" 18" U 3,382             1,030,000$                  186,000$                  62,000$                              1,278,000$                             2015 2017 12 FM #2 (8)

E5-2
UPSIZE TO ALLEVIATE 
SURCHARGING, AND OBSERVED 
OVERFLOWS

(E5) FROM EAST OF BRYANT & SOUTH 
OF HAFER PARK, TO SOUTH OF E. 13TH 
ST NEAR PINE OAK CIRCLE.

15" 24" U 3,503             1,400,000$                  252,000$                  84,000$                              1,736,000$                             2015 2017 12 FM #2 (8)

E5-3
UPSIZE TO ALLEVIATE 
SURCHARGING, AND OBSERVED 
OVERFLOWS

(E5) FROM HAFER PARK, ALONG 
SPRING CREEK TO EAST OF S. 
COLTRANE RD.

18"/24" 36" U 5,770             3,530,000$                  636,000$                  212,000$                            4,378,000$                             2015 2017 12 FM #2 (8)

E6-1
UPSIZE TO ALLEVIATE 
SURCHARGING & FREEBOARD < 
3FT IN MANY MANHOLES

(E6) SOUTHWEST OF E. 33RD & 
COLTRANE, NORTH OF CROSSING DR 
TO COLTRANE, BETWEEN E. RANDOLPH 
RD & BROKEN BOW RD.

15" 21" U 2,825             990,000$                     179,000$                  60,000$                              1,229,000$                             2015 2017 12 FM #2 (8)

E6-2
UPSIZE TO ALLEVIATE 
SURCHARGING AND OBSERVED 
OVERFLOWS

(E6) NORTH/SOUTH ROUTE BETWEEN E. 
40TH ST & E. MEMORIAL RD, JUST EAST 
OF STEVEN DR.

8" 12" U 2,668             550,000$                     99,000$                    33,000$                              682,000$                                2015 2017 12 FM #2 (8)

E6-3
UPSIZE TO ALLEVIATE 
SURCHARGING AND SEVERAL 
OBSERVED OVERFLOWS

(E6) EAST OF COLTRANE RD, FROM 
NORTH OF BROKEN BOW RD TO JUST 
SOUTH OF E. 33RD.

8" 15" U 1,829             470,000$                     85,000$                    29,000$                              584,000$                                2015 2017 12 FM #2 (8)

E1-1
UPSIZE TO ALLEVIATE 
SURCHARGING AND AT LEAST 
ONE OBSERVED OVERFLOW

(E1) BETWEEN MIDWEST BLVD & 
COLTRANE, AND COFFEE CREEK RD & 
COVELL

24" 36" U 15,174           9,270,000$                  1,669,000$               557,000$                            11,496,000$                           2015 2017 10 FM #1 (8)

E3-2
UPSIZE TO ALLEVIATE 
SURCHARGING AND AT LEAST 
ONE OBSERVED OVERFLOW

(E3) FROM BROOKWOOD PL, 
NORTHEASTERLY ACROSS BRYANT TO 
SOUTHEAST OF INTERSECTION OF 
BRYANT & COVELL

18" 30" U 2,048             1,020,000$                  184,000$                  62,000$                              1,266,000$                             2015 2017 10 FM #1 (8)

E4-1
UPSIZE TO ALLEVIATE 
SURCHARGING AND AT LEAST 
TWO OBSERVED OVERFLOWS

(E4) NORTHEAST OF COLTRANE & 15TH 
ST, ALONG SPRING CREEK, SOUTH OF 
STONEPOINT DR.

24" 36" U 2,074             1,270,000$                  229,000$                  77,000$                              1,576,000$                             2015 2017 15 FM #2 (8)

E4-2
UPSIZE TO ALLEVIATE 
SURCHARGING & FREEBOARD 
<3FT IN MANY MANHOLES

(E4) NORTHEAST OF COLTRANE & 15TH 
ST, ALONG SPRING CREEK, EAST OF 
MANNER PARK AVE.

24" 36" U 878                540,000$                     98,000$                    33,000$                              671,000$                                2015 2017 15 FM #2 (8)

E4-3
UPSIZE TO ALLEVIATE 
SURCHARGING & FREEBOARD 
<3FT IN MANY MANHOLES

(E4) NORTHEAST OF COLTRANE & 15TH 
ST, ALONG SPRING CREEK, EAST OF 
MANNER PARK AVE.

24" 36" U 1,378             800,000$                     144,000$                  48,000$                              992,000$                                2015 2017 15 FM #2 (9)

E4-4
UPSIZE TO ALLEVIATE 
SURCHARGING & SEVERAL 
OVERFLOWS

(E4) FOLLOWING SPRING CREEK AT ITS 
INTERSECTION WITH I-35, SOUTH OF 
2ND ST.

24" 36" U 3,424             2,100,000$                  378,000$                  126,000$                            2,604,000$                             2015 2017 15 FM #2 (8)

E4-5
INSTALL PARALLEL PIPING TO 
ALLEVIATE SURCHARGING U/S & 
FREEBOARD <3FT

(E4) FOLLOWING SPRING CREEK AT ITS 
INTERSECTION WITH I-35, SOUTH OF 
2ND ST.

30" 24"  P 539                210,000$                     38,000$                    13,000$                              261,000$                                2015 2017 15 FM #2 (9)

E6-4
INSTALL PARALLEL PIPING TO 
ALLEVIATE SURCHARGING & 
OBSERVED OVERFLOWS

(E6) EAST OF COLTRANE RD, FROM 
NORTH OF E. 15TH TO SOUTH OF S. 
RANDOLPH RD.

18" 15" P 6,265             1,510,000$                  272,000$                  91,000$                              1,873,000$                             2015 2017 12 FM #2 (9)

W2-1
UPSIZE TO ALLEVIATE 
SURCHARGING AND OBSERVED 
OVERFLOWS

(W2) NORTH/SOUTH ALONG THE CITY 
LIMIT BETWEEN WESTERN & SANTA FE, 
NORTH OF 2ND ST TO NORTH OF 192ND 
ST.

8"/10" 18" U 4,907             1,490,000$                  269,000$                  90,000$                              1,849,000$                             2015 2017 13 FM #4 (8)

W2-2
UPSIZE TO ALLEAVIT 
SURCHARGING & FREEBOARD 
<3FT IN MANY MANHOLES

(W2) NORTHEAST OF 33RD & SANTA FE, 
FROM NORTH OF WOODSIDE DR TO 
NOTHEAST OF HIDDEN PRAIRIE WAY.

12" 18" U 3,416             1,040,000$                  188,000$                  63,000$                              1,291,000$                             2015 2017 13 FM #4 (8)

W2-3
UPSIZE TO ALLEVIATE 
SURCHARGING AND SEVERAL 
OBSERVED OVERFLOWS

(W2) NORTHWEST OF W. EDMOND RD & 
N. SANTA FE, NEAR WOODHOLLOW 
TRAIL TO SOUTH OF W. EDMOND RD.

21"/24"/30" 30" U 3,738             1,930,000$                  348,000$                  116,000$                            2,394,000$                             2015 2017 13 FM #4 (8)

W2-4
UPSIZE TO ALLEVIATE 
SURCHARGING AND SEVERAL 
OBSERVED OVERFLOWS

(W2) NORTHWEST OF N. KELLY & 15TH, 
SOUTH OF FIRETREE LANE, DOWN TO 
15TH, TO SOUTHEAST OF KELLY & 15TH 
AT S. STATE ST.

8"/10" 15" U 7,382             1,880,000$                  339,000$                  113,000$                            2,332,000$                             2015 2017 11 FM #4 (8)

W2-5
UPSIZE TO ALLEVIATE 
SURCHARGING & FREEBOARD 
<3FT IN MANY MANHOLES

(W2) FROM DANFORTH & NEW STEM RD 
TO SOUTH OF ROBIN HILL RD, EAST OF 
KELLY.

10" 15" U 3,776             960,000$                     173,000$                  58,000$                              1,191,000$                             2015 2017 11 FM #4 (8)

Priority Level A CIP 
Projects

CAPITAL IMPROVEMENTS (WITH IPR) - NEAR-TERM AND LONG-TERM GROWTH AND SYSTEM OPERATION IMPROVEMENTS

COMMENT

CIP YEAR(6)
EDMOND COLLECTION 

SYSTEM CIP CIP PROJECT(1) # PROJECT LOCATION (SEWER SUBBASIN)

PUMPING OR FLOW 

CAPACITY/PIPE SIZE(15)

LENGTH (FT)

ENGINEERING
PROJECT COSTS(2)

TOTAL PROGRAM COSTS

SYSTEM TRIGGER(7)

PROJECT

CONSTRUCtiON 

COSTS(3)
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Table 7.3 ‐ Collection System CIP
Water and Wastewater System Master Plan
City of Edmond, OK

DRAFT

EXISTING PROPOSED DESIGN(4) CONSTRUCTION(5) DESIGN CONSTRUCTION FLOW (CFS) LOCATION

CAPITAL IMPROVEMENTS (WITH IPR) - NEAR-TERM AND LONG-TERM GROWTH AND SYSTEM OPERATION IMPROVEMENTS

COMMENT

CIP YEAR(6)
EDMOND COLLECTION 

SYSTEM CIP CIP PROJECT(1) # PROJECT LOCATION (SEWER SUBBASIN)

PUMPING OR FLOW 

CAPACITY/PIPE SIZE(15)

LENGTH (FT)

ENGINEERING
PROJECT COSTS(2)

TOTAL PROGRAM COSTS

SYSTEM TRIGGER(7)

PROJECT

CONSTRUCtiON 

COSTS(3)

E3-3

INSTALL PARALLEL PIPING TO 
ALLEVIATE SURCHARGING & 
FREEBOARD <3FT IN MANY 
MANHOLES

(E3) FROM SOUTHEAST OF COVELL & 
BRYANT, NORTHEASTERLY ACROSS 
COVELL TO SOUTHWEST OF THE 
INTERSECTION OF COLTRANE & 
COFFEE CREEK RD

21" 24" P 2,366             910,000$                     164,000$                  55,000$                              1,129,000$                             2017 2020 10 FM #1 (9)

EW1-1
UPSIZE TO ALLEVIATE 
SURCHARGING AND AT LEAST 
TWO OVERFLOWS

(EW1) SOUTHWEST OF COFFEE CREEK 
RD & W. KELLY AVE, NORTHEAST OF 
MITCH PARK; FOLLOWING BETWEEN 
CREEK BANK DR & UNTERS CREEK RD 
TO SOUTH OF SARATOGA WAY.

10"/12" 15" U 3,070             780,000$                     141,000$                  47,000$                              968,000$                                2017 2020 15 FM #1 (8)

E3-4

INSTALL PARALLEL PIPING TO 
ALLEVIATE SURCHARGING AND 
FREEBOARD <3FT IN MANY 
MANHOLES

(E3) FROM SOUTHWEST OF 
INTERSECTION OF COLTRANE & 
COFFEE CREEK RD , EAST ALONG THE 
COFFEE CREEK TO DOMOCH DR

24" 24" P 4,101             1,580,000$                  285,000$                  95,000$                              1,960,000$                             2017 2022 10 FM #1 (9)

65,050,000$               11,719,000$            3,912,000$                        80,681,000$                         

E1-2
UPSIZE TO ALLEVIATE 
SURCHARGING AND OBSERVED 
OVERFLOWS

(E1) FROM THE WWTP, 
NORTHWESTERNLY ALONG CREEK LINK 
TO ~1650 FT EAST OF HARDWICK RD.

24" 48" U 7,333             5,890,000$                  1,061,000$               354,000$                            7,305,000$                             2022 2027 16 WWTP (9)

E3-1

INSTALL PARALLEL PIPING TO 
ALLEVIATE SURCHARGING AND 
FREEBOARD <3FT IN MANY 
MANHOLES

(E3) WEST OF BRYANT AVE AND 
APPROXIMATELY 0.5 MILE NORTH OF 
DANFORTH, BETWEEN BROOKWOOD 
DR AND BROOKWOOD PL

18" 15" P 1,200             290,000$                     53,000$                    18,000$                              361,000$                                2022 2027 8 FM #1 (9)

EW1-2
UPSIZE TO ALLEVIATE 
SURCHARGING & FREEBOARD 
<3FT IN MANY MANHOLES

(EW1) JUST WEST OF ROCK CANYON 
RD ON SOUTH SIDE OF COFFEE CREEK 
RD, SOUTHEASTERNLY TO ~400 FT OF 
SARATOGA WAY.

12"/15" 21" U 2,146             760,000$                     137,000$                  46,000$                              943,000$                                2022 2027 15 FM #1 (9)

W1-1
UPSIZE TO ALLEVIATE 
SURCHARGING AND SEVERAL 
OBSERVED OVERFLOWS

(W1) NORTHEAST OF COVELL RD & 
WESTERN AVE, ALONG AND WEST OF 
FALLBROOK AVE.

10" 15" U 715                190,000$                     35,000$                    12,000$                              237,000$                                2022 2027 8 FM #1 (9)

W1-2
UPSIZE TO ALLEVIATE 
SURCHARGING AND AT LEAST 
ONE OBSERVED OVERFLOW

(W1) FROM SOUTH OF CHISHOLM 
CREEK ON THE WEST SIDE OF N. 
WESTERN AVE, SOUTH THEN EAST 
ACROSS WESTERN TO ~500 FT WEST 
OF FALLBROOK AVE, 600 FT NO. OF 
COVELL RD.

18" 24" U 1,343             540,000$                     98,000$                    33,000$                              671,000$                                2022 2032 8 FM #1 (9)

LS-4
REPLACEMENT OF EXISTING LIFT 
STATION EQUIPMENT FOR END 
OF USEFUL SERVICE LIFE

REPLACE PUMPING EQUIPMENT AT OAK 
TREE WEST LIFT STATION WITH NEW 
SUBMERSIBLE PUMPS, AND OTHE R 
ASSOCIATED IMPROVEMENTS

1100 gpm 1100 gpm -- 420,000$                     76,000$                    26,000$                              522,000$                                2025 2026 -- -- (16)

LS-5
REPLACEMENT OF EXISTING LIFT 
STATION EQUIPMENT FOR END 
OF USEFUL SERVICE LIFE

REPLACE PUMPING EQUIPMENT AT OAK 
TREE RESERVE LIFT STATION WITH 
NEW SUBMERSIBLE PUMPS, AND OTHE 
R ASSOCIATED IMPROVEMENTS

350 gpm 400 gpm -- 420,000$                     76,000$                    26,000$                              522,000$                                2025 2026 -- -- (15)

LS-6
EXISTING LIFT STATION 
EQUIPMENT REPLACEMENT

REPLACE PUMPING EQUIPMENT AT 
MEMORIAL RD LIFT STATION WITH NEW 
SUBMERSIBLE PUMPS, AND OTHE R 
MISC. SITE IMPROVEMENTS

80 gpm 80 gpm -- 340,000$                     62,000$                    21,000$                              423,000$                                2030 2031 -- -- (16)

8,850,000$                 1,598,000$              536,000$                            10,984,000$                         

Proposed 
Diameter (in.)

Length (ft) Construction Costs(3) Design(4) Construction(5) Total Program Costs DESIGN CONSTRUCTION

LS-7 650 gpm 10" M 6000 1,630,000$                  294,000$                  98,000$                              2,022,000$                             -- --

LS-8 550 gpm 8" M 6200 1,440,000$                  260,000$                  87,000$                              1,787,000$                             -- --

3,070,000$                 554,000$                 185,000$                            3,809,000$                           

76,970,000$         13,871,000$      4,633,000$                 95,474,000$                 
1ST-1 83 gpm 1ST EAST -- 8" N 3,463             360,000$                     65,000$                    22,000$                              447,000$                                -- -- (10)

1ST-2 97 gpm 1ST EAST -- 8" N 4,025             420,000$                     76,000$                    26,000$                              522,000$                                -- -- (10)

1ST-3 153 gpm 1ST EAST -- 8" N 1,840             190,000$                     35,000$                    12,000$                              237,000$                                -- -- (10)

1ST-4 174 gpm 1ST EAST -- 10" N 7,869             1,010,000$                  182,000$                  61,000$                              1,253,000$                             -- -- (10)

2ND-1 695 gpm 2ND EAST -- 10" N 6,194             800,000$                     144,000$                  48,000$                              992,000$                                -- -- (10)

2ND-2 333 gpm 2ND EAST -- 12" N 7,097             1,100,000$                  198,000$                  66,000$                              1,364,000$                             -- -- (10)

2ND-3 83 gpm 2ND EAST -- 8" N 4,933             510,000$                     92,000$                    31,000$                              633,000$                                -- -- (10)

Priority Level A CIP Projects

Priority Level B CIP Projects

CIP Project # Projected Capacity 

Pipeline Project Costs(2)

Comment

Priority Level B  CIP 
Projects

Priority Level C  CIP 
Projects

Project Location (Sewer Subbasin)

1ST EAST (NEW LIFT STATION & FORCE MAIN)

2ND EAST (NEW LIFT STATION & FORCE MAIN)

CIP YEAR(6)

Total CIP (Does not include Priority Level C Projects for Developer):

Priority Level C CIP Projects

 Dependent upon actual timing of 
development in Subbasin 1st East. 
 Dependent upon actual timing of 

development in Subbasin 2nd East. 
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Table 7.3 ‐ Collection System CIP
Water and Wastewater System Master Plan
City of Edmond, OK

DRAFT

EXISTING PROPOSED DESIGN(4) CONSTRUCTION(5) DESIGN CONSTRUCTION FLOW (CFS) LOCATION

CAPITAL IMPROVEMENTS (WITH IPR) - NEAR-TERM AND LONG-TERM GROWTH AND SYSTEM OPERATION IMPROVEMENTS

COMMENT

CIP YEAR(6)
EDMOND COLLECTION 

SYSTEM CIP CIP PROJECT(1) # PROJECT LOCATION (SEWER SUBBASIN)

PUMPING OR FLOW 

CAPACITY/PIPE SIZE(15)

LENGTH (FT)

ENGINEERING
PROJECT COSTS(2)

TOTAL PROGRAM COSTS

SYSTEM TRIGGER(7)

PROJECT

CONSTRUCtiON 

COSTS(3)

2ND-4 132 gpm 2ND EAST -- 8" N 7,303             750,000$                     135,000$                  45,000$                              930,000$                                -- -- (10)

2ND-5 187 gpm 2ND EAST -- 8" N 5,271             540,000$                     98,000$                    33,000$                              671,000$                                -- -- (10)

2ND-6 222 gpm 2ND EAST -- 10" N 7,710             990,000$                     179,000$                  60,000$                              1,229,000$                             -- -- (10)

3RD-1 356 gpm 3RD EAST -- 12" N 5,628             870,000$                     157,000$                  53,000$                              1,080,000$                             -- -- (10)

3RD-2 696 gpm 3RD EAST -- 12" N 3,398             530,000$                     96,000$                    32,000$                              658,000$                                -- -- (10)

3RD-3 441 gpm 3RD EAST -- 10" N 9,365             1,200,000$                  216,000$                  72,000$                              1,488,000$                             -- -- (10)

3RD-4 104 gpm 3RD EAST -- 8" N 8,160             840,000$                     152,000$                  51,000$                              1,043,000$                             -- -- (10)

3RD-5 215 gpm 3RD EAST -- 10" N 4,524             580,000$                     105,000$                  35,000$                              720,000$                                -- -- (10)

3RD-6 321 gpm 3RD EAST -- 12" N 4,363             680,000$                     123,000$                  41,000$                              844,000$                                -- -- (10)

3RD-7 321 gpm 3RD EAST -- 12" N 120                20,000$                       4,000$                      2,000$                                26,000$                                  -- -- (10)

3RD-8 441 gpm 3RD EAST -- 12" N 2,282             360,000$                     65,000$                    22,000$                              447,000$                                -- -- (10)

CC-1 111 gpm COFFEE CREEK -- 8" N 6,189             640,000$                     116,000$                  39,000$                              795,000$                                -- -- (10)

CC-2 215 gpm COFFEE CREEK -- 10" N 8,035             1,030,000$                  186,000$                  62,000$                              1,278,000$                             -- -- (10)

CC-3 371 gpm COFFEE CREEK -- 10" N 4,811             620,000$                     112,000$                  38,000$                              770,000$                                -- -- (10)

CC-4 111 gpm COFFEE CREEK -- 8" N 4,492             470,000$                     85,000$                    29,000$                              584,000$                                -- -- (10)

CC-5 104 gpm COFFEE CREEK -- 8" N 6,338             650,000$                     117,000$                  39,000$                              806,000$                                -- -- (10)

E1-4 118 gpm E1 -- 8" N 6,545             680,000$                     123,000$                  41,000$                              844,000$                                -- -- (10)

E1-5 496 gpm E1 -- 10" N 7,200             930,000$                     168,000$                  56,000$                              1,154,000$                             -- -- (10)

E1-6 88 gpm E1 -- 8" N 5,901             610,000$                     110,000$                  37,000$                              757,000$                                -- -- (10)

E1-7 125 gpm E1 -- 8" N 4,209             440,000$                     80,000$                    27,000$                              547,000$                                -- -- (10)

E1-8 227 gpm E1 -- 10" N 364                50,000$                       9,000$                      3,000$                                62,000$                                  -- -- (10)

E2-3 133 gpm E2 -- 8" N 5,928             610,000$                     110,000$                  37,000$                              757,000$                                -- -- (10)

18,480,000$                3,338,000$               1,120,000$                         22,938,000$                           

NOTES:
1 Projects are irrespective of I/I reduction improvements.
2 Costs are presented in January 2013 dollars.
3 Construction costs include 50% estimating contigency.
4 Engineering Design includes Study, Preliminary and Final Design Engineering, Legal and Administrative fees, and is estimated as 18% of estimated construction costs.
5 Engineering Costs during construction are inclusive of resident inspection services. These costs are expected to be incurred during the construction CIP years, and are estimated at 6% of construction costs
6 Estimated CIP Year indicates Fiscal years in which majority of costs to be incurred. Design and construction of projects can occur within the range of years listed.

7

8 Upsize existing pipes with larger diameter pipe. Cost includes demolition of existing pipe for in‐place replacement with new pipe. Assumes open‐cut construction.
9 Install new pipe parallel to existing pipe.

10 FOR DEVELOPER, NOT INCLUDED IN CITY'S CIP. Install new piping to serve future, projected flows in existing and future subbasins.
11 Existing lift station capacity designed for Average Day flows, but new lift station designed to handle Max Day flows (reference: Spring Creek Lift Station Rehabilitation and Parallel Force Main Project Report (SRB/Carollo, 2010). Cost includes lining of the Overflow Storage Pond with Hypalon.
12 New lift stations to convey projected flows from subbasins for future development. Timing of projects dependent upon growth in the proposed area.
13 Construction of new lift station dictated by timing of new developers interest in the area.
14 Modifications to existing Chisholm Creek LS not required unless/until the City decides to stop diverting flow to OKC. LS modifications will allow the City to accept and store excess flows above station capacity
15 Listed capacities represent firm capacity of existing and new equipment. New equipment sized to handle projected average day flows at the firm capacity.
16 Recommendation for pumping equipment to be replaced, in kind, at end of equipment's useful service life.

M = FORCE MAIN
N = NEW
P = PARALLEL
U = UPSIZE
FM = FLOW MONITOR

Priority Level C CIP Projects

Priority Level C - FOR 
DEVELOPERS (NOT 
INCLUDED IN CIP)

The design should begin in the fiscal year following the period in which the trigger is attained. When the indicated flow rate (instantaneous) is observed at the respective location (FM=Flow Monitor) for a consecutive period of 3 rainfall events or more during a wet weather event, the recommended improvement should be implemented. A wet weather event is
defined as a period of time without 5‐days consecutive of dry weather.
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7.6.2 Long-Term Improvements 

7.6.2.1 Pipeline Improvements 

Future sewer lines are recommended, for construction by future developers, in areas of the 
City that are currently undeveloped. As development is planned in these areas, estimated 
flows should be confirmed, and sewer lines sized accordingly to handle flows estimated for 
these future developments. 

7.6.2.2 Lift Station Improvements 

Two new lift stations, to be constructed in the currently undeveloped section of the City, are 
recommended for construction as Priority Level C. These should be implemented as this 
area is developed. 

7.7 WASTEWATER TREATMENT AND RESIDUALS HANDLING 
CIP 

Improvements to the existing CCWWTP are detailed in Section 6 of this report. A summary 
of the short- and long-term improvements for expansion of the CCWWTP are briefly 
discussed below and are summarized in Table 7.4. The recommended improvements are 
also illustrated in Figure 7.5.  

7.7.1 Short-Term Improvements 

The Phase I improvements discussed in Section 6 are recommended for immediate 
implementation at the CCWWTP. Based on the evaluation of existing system capacity and 
projected wastewater flows, influent flows to the WWTP are approaching the limiting 
capacity of the treatment facilities. As well, a new Headworks facility is needed immediately 
to replace the inoperable equipment in the existing facility.  

The preliminary and final design engineering for the Phase I improvements will take 
approximately 12 months to complete. Taking into account regulatory review times, 
construction completion estimated at 36 – 42 months from the initial start of the project. 

Depending on the actual growth experienced in the sewer service area, and increase in 
influent flows, it is anticipated that the Phase I improvements will provide adequate capacity 
beyond the year 2022. The system trigger for beginning implementation of the Phase II 
improvements is recommended once average day influent flows to the WWTP consistently 
measure at or above 80% of the newly rated capacity of 12.0 mgd. Once this occurs, 
preliminary engineering for the Phase II improvements should begin. 

Improvements for Phase II include additional improvements to further increase treatment 
capacity at the WWTP to sustain average flows beyond the planning period. 
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Figure 7.5 - Wastewater Treatment and Residuals
Handling CIP

Water and Wastewater System Master Plan
City of Edmond, Oklahoma



Table 7.4 ‐ Wastewater Treatment and Residuals Handling CIP
Water and Wastewater Systems Master Plan
City of Edmond, OK

DRAFT

DESIGN(4) CONSTRUCTION(5)
DESIGN CONSTRUCTION

New Aeration Basin Splitter Structure

Addition of 3 new rotors to each existing Oxidation Ditches 
for Conventional ASP Aeration Basins

New Final Clarifier Splitter Structure

New Final Clarifier Basins (4) Nos. 5-8, with Common 
Return/Waste Sludge Pumping Station Nos. 2 and 3; 
includes demo of existing 1st Stage Clarifier and 2nd Stage 
Aeration Basins in Treatment Train #1
New Return/Waste Sludge Pumping Station No. 1 (in 
replacement of original existing station)

Conversion of Existing Chlorine Contact Basin to UV 
Disinfection

New Effluent Filter Splitter Structure
New Parallel Effluent Flow Metering Structure with NPW 
Pumping Facilities
New Aerated Solids Holding Basins, 4 qty
New Solids Dewatering Facility (Belt Filter Press) with PD 
Blowers for Aerated Solids Holding
New Maintenance Building

Miscellaneous Yard Piping and associated Electrical and 
Instrumentation & Controls improvements associated with the
Phase 1 expansion of the WWTP.

 $                        61,980,000  $          11,160,000  $                                3,720,000  $                       76,860,000 

New Aeration Basin No. 5

 $                        10,170,000  $            1,840,000  $                                   620,000  $                       12,630,000 

BNR Facilities: Anoxic Selector Basin, Mixed Liquor Recycle 
Pump Station, Blower Building

Ozone System

 $                        79,490,000  $          14,310,000  $                                4,770,000  $                       98,570,000 

Mixed Liquor Recycle Pump Station

New Blower Building

MISC-1 Odor Control Facilities for Solids Handling Facilities
BIOSOLIDS 
HANDLING

-- --

 $                        22,570,000  $            3,380,000  $                                1,370,000  $                       27,320,000 

NOTES:
1 At Average (MMAD) flow conditions, unless otherwise noted.

2 Costs are presented in January 2013 dollars.

3 Construction costs include 50% estimating contingency for all CIP Projects.

4 Engineering Design includes Study-Phase, Preliminary, and Final Design Engineering services; as well as Legal and Administrative fees, and is estimated as 18% of estimated construction costs.

5 Engineering Costs during construction are inclusive of resident inspection services. These costs are expected to be incurred during the construction CIP years, and are estimated at 6% of construction costs.

6 Estimated CIP Year indicates Fiscal years in which majority of costs to be incurred. Design recommended when existing capacity reaches 80% of rated capacity. 

7 System trigger indicates that design should begin in the fiscal year following the period in which the trigger is attained.

8 Based on a re-rating of the existing secondary treatment process capacity for Final Clarifiers. According to current flows to the Coffee Creek WWTP, system trigger is already exceeded and improvements are recommended immediately.

9 Preliminary treatment facilities are sized based on PH flows. A new Headworks is recommended for immediate design & construction because of the inoperable grit removal system.

10 Aerated Solids Holding capacity based on 40-day HRT. 

11 Ancillary facilities/modifications recommended to accommodate proposed expansion of the WWTP Facilities.

12 Existing capacity of Oxidation Ditches based on recommended loading conditions under the Extended Aeration process. A higher capacity can be achieved under the current operating conditions, - some of which are outside of recommended values.

13 Clarifier capacity rating assumes largest basin out of service during average flow conditions; all basins in service under peak conditions.

14 New RAS/WAS Pumping Station recommended for better control of return and wasting rate than existing system.

15 Existing Chlorine capacity based on a 15-minute contact time, as regulated by ODEQ 252:656-21-1, at peak hourly flow.

16 Conversion to cloth disk filters recommended for more effective and efficient operation over existing media filters.

PROJECT COSTS(2)

ENGINEERING

New Headworks Facility (for parallel operation with existing)

 $          11,160,000  $                                3,720,000  $                       76,860,000 

Total Phase II Improvements:

Total Phase I Improvements:

New Anoxic Selector Basin

Total Future Improvements:

--

FUTURE

BNR-1

Expansion of UV Disinfection Facilities

 $                          1,270,000  $               230,000  $                                     80,000  --  $                         1,580,000 (17)

2025

CAPITAL IMPROVEMENTS (WITH IPR) - NEAR-TERM AND LONG-TERM GROWTH AND SYSTEM OPERATION IMPROVEMENTS

TREATMENT PLANT CAPACITY (MGD)(1)

EXISTING/     
PREVIOUS PROPOSED NOTES

7.0 12.0  $                        61,980,000 

PROJECTPROJECT DESCRIPTION

PHASED 
EXPANSION OF 
UNIT PROCESS

CIP PROJECT 
# SYSTEM TRIGGER(7)

TOTAL PROJECT

2014 2018 (8, 9, 10, 11, 12, 13, 14, 15)

CONSTRUCTION 
COSTS

PHASE I
MMAD > 5.6 mgd; or PH > 

9.6 mgd

ESTIMATED CIP YEAR(6)
EDMOND 

WWTP CIP

 $                          9,770,000  $            1,760,000  $                                   590,000  $                       12,120,000 
SECONDARY 
TREATMENT

2026 MMAD > 9.6 mgd (16)

2030 2035
UPON IMPLMENTATION 

OF IPR AT THE WTP
(20)

-- 16.0

--
Upon implementation of 

WW reuse
(17,19)

--

--

--

As required (17,18)

As required

--

 -- 
Upon initiation of nutrient 

removal reqmts
(17)

-- --

REU-1
TERTIARY 

TREATMENT
 $                          5,760,000  $            1,040,000  $                                   350,000  $                         7,150,000 

 $                          5,770,000 

Flocculation Basin -- 16.0

 $               350,000  $                                   350,000 Standby Power Generation
COMMON 
FACILITY

--

Reuse Pumping Station for Irrigation -- 4.0

MISC-2 --  $                         6,470,000 

Biofilter System

PHASE III

12.0 16.0  $                        10,170,000  $                       12,630,000 

Total Phase III Improvements

IPR Return Pumping Station, Including Force Main to Arcadia 
Lake, and new Outfall Structure

ADVANCED 
TREATMENT 

FOR IPR
12.0 16.0  $                        79,490,000  $          14,310,000  $                                4,770,000  $                       98,570,000 

PHASE II
 $            1,840,000  $                                   620,000 

Conversion of Effluent Filtration to Disk Cloth Filters
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Table 7.4 ‐ Wastewater Treatment and Residuals Handling CIP
Water and Wastewater Systems Master Plan
City of Edmond, OK

DRAFT

DESIGN(4) CONSTRUCTION(5)
DESIGN CONSTRUCTION

PROJECT COSTS(2)

ENGINEERING

CAPITAL IMPROVEMENTS (WITH IPR) - NEAR-TERM AND LONG-TERM GROWTH AND SYSTEM OPERATION IMPROVEMENTS

TREATMENT PLANT CAPACITY (MGD)(1)

EXISTING/     
PREVIOUS PROPOSED NOTESPROJECTPROJECT DESCRIPTION

CIP PROJECT 
# SYSTEM TRIGGER(7)

TOTAL PROJECT
CONSTRUCTION 

COSTS

ESTIMATED CIP YEAR(6)
EDMOND 

WWTP CIP

17 Facilities recommended as required by regulatory or other drivers, but could be implemented at any time, as necessary. However, if Phase III improvements occur before nutrient limits are implemented, this future phase of construction will not be necessary.

18 Costs of standby power generation will be highly dependent on which services/facilities are to be serviced by the power unit.

19 Costs for reuse distribution system at the application site(s) not included in the estimate.

20 Advanced treatment facilities recommended for augmenting Arcadia Lake for IPR. Prior to implementing, regulatory requirements for IPR should be thoroughly investigated. If BNR facilities are constructed prior to this phase of construction, those facilities can be eliminated. 

Abbreviations:

MMAD Maximum Month Average Day (Flow)

PH Peak Hour (Flow)

* Peak Conditions
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7.7.2 Long-Term Improvements 

As previously discussed in Section 6, the improvements described for Phase III are 
recommended for implementation in the event IPR is implemented at the WTP. The Phase 
III improvements are recommended to treat the wastewater to a higher quality effluent, 
suitable for augmentation of Arcadia Lake as a supply source for the WTP. This phase of 
construction, including construction of a new pump station, force main, and outfall to convey 
the reclaimed water to Arcadia Lake, must be completed prior to implementation of IPR at 
the lake and WTP. 

7.8 CIP PROJECT SUMMARY 

Table 7.5 and Table 7.6 present a summary of the implementation schedule for the projects 
discussed above. All costs are presented in year 2013 dollars. Costs associated with 
Construction include construction as well as engineering services during construction costs, 
as presented in the preceding tables. 



Table 7.5 CIP Implementation Schedule - Water System
Water and Wastewater Master Plan
City of Edmond, Oklahoma

 Estimated 
Project Cost 

Duration 
(Months) 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045

Water Treatment
INT-1: Intake structure 
improvements/expansion

Engineering Planning & Design $1.3M 48 $0.33 $0.33 $0.33 $0.33
Construction $9.5M 30 $3.80 $3.80 $1.90

WTP-1: WTP Expansion from 10.5 to 
30 mgd

Engineering Planning & Design $6.8M 24 $3.40 $3.40
Construction $52.M 30 $20.80 $20.80 $10.40

RES-01
Engineering Planning & Design $3.3M 24 $1.65 $1.65
Construction $15.1M 30 $6.03 $6.03 $3.01
REHAB-01 $0.14

INT-2: Intake structure 
improvements/expansion

Engineering Planning & Design $1.M 24 $0.49 $0.49
Construction $7.4M 18 $4.95 $2.47

WTP-2: WTP expansion from 30 to 40 
mgd

Engineering Planning & Design $4.4M 30 $1.76 $1.76 $0.88
Construction $33.5M 30 $13.41 $13.41 $6.70
RES-02
Engineering Planning & Design $1.3M 12 $1.30
Construction $6.1M 24 $3.05 $3.05
REHAB-02 $1.3M $0.65 $0.65

INT-3: Intake structure 
improvements/expansion

Engineering Planning & Design $.8M 24 0.4 0.4
Construction $4.9M 18 $3.29 $1.65

WTP-3: Expand WTP facilities from 40 -
to 54 mgd

Engineering Planning & Design $6.M 30 $2.40 $2.40 $1.20
Construction $46.5M 30 $18.60 $18.60 $9.30
REHB-01
Engineering Planning & Design $2.M
Construction

Distribution System
UPSZ-1: Upsize existing distribution 
piping to meet MDD

Engineering Planning & Design $105k 9 $.11k
Construction $615k 15 0.305 0.305

TWR-1: Install new elevated storage 
tower at NW Complex

Engineering Planning & Design $1.6M 9 1.6
Construction $9.2M 12 9.2

UPSZ-2: Upsize existing piping to meet 
MDD

Engineering Planning & Design $207k 12 0.21
Construction $1.2M 18 0.6 0.6

UPSZ-3: Upsize existing piping to meet 
MDD

Engineering Planning & Design $191k 12 0.191
Construction $1.1M 18 0.7333 $0.37

UPSZ-4: Upsize existing piping to meet 
MDD

Engineering Planning & Design $935k 12 0.935
Construction $5.5M 18 $3.67 $1.83

TWR-2: Install new elevated tower at 
College Complex

Engineering Planning & Design $1.6M 9 $1.6M
Construction $9.2M 12 $9.2M

TWR-3: Construct new NE Complex 
with new elevated tower

Engineering Planning & Design $1.6M 9 $1.6M
Construction $9.5M 12 $9.5M

NEW-1: Install new distribution piping 
for redundancy

Engineering Planning & Design $44k 12 0.04$   
Construction $255k 18 0.17$   0.09$   

MAIN-1: Install new distribution main 
with new wells

Engineering Planning & Design $2.0M 18 1.33$   $0.67
Construction $11.6M 18 $7.73 $3.87

MAIN-2: Install new distribution main

CIP Project

Timeline



Engineering Planning & Design $861k 18 0.57$   0.29$   
Construction $5.1M 24 2.55$   2.55$   

WEL-1: Construct 7 new wells
Engineering Planning & Design $913k 24 0.46$   0.47$   
Construction $5.3M 30 3.18$   3.18$   1.59$   

WEL-2: Replace 6 existing wells
Engineering Planning & Design $913k 24 0.46$   0.46$   
Construction $5.5M 30 2.20$   2.20$   1.10$   

TANK-1: Install new GST at NE 
Complex

Engineering Planning & Design $913k 9 0.91$   
Construction $5.3M 9 5.30$   

PARL-1: Install new piping parallel to 
existing to meet MDD

Engineering Planning & Design $245k 12 0.25$   
Construction $1.4M 18 0.93$   0.47$   

UPSZ-5: Upsize existing piping to meet 
MDD

Engineering Planning & Design $1.2M 12 1.20$   
Construction $7.0M 24 3.50$   3.50$   

UPSZ-6: Upsize existing piping to meet 
MDD

Engineering Planning & Design $794k 12 0.79$   
Construction $4.7M 24 3.70$   3.70$   

NEW-2: Install new distribution piping 
for system reliability

Engineering Planning & Design $1.5M 12 $1.5M
Construction $8.9M 18 $5.93 $2.97

MAIN-3: Install new distribution main to 
meet MDD

Engineering Planning & Design $3.5M 18 $2.33 $1.17
Construction $20.7M 36 $6.90 $6.90 $6.90

TANK-2: Install new GST at I-35 
Complex

Engineering Planning & Design $1.9M 9 $1.9M
Construction $11.2M 18 $7.47 $3.73

PS-1: Replace existing College Pump 
and GST at College Complex

Engineering Planning & Design $864k 15 0.69$   0.17$   
Construction $5.1M 18 0.32$   2.55$   

WEL-3: Construct 8 new wells
Engineering Planning & Design $1.3M 24 $0.65 $0.65
Construction $7.5M 30 $3.0 $3.0 $1.50

WEL-4: Replace 7 existing wells
Engineering Planning & Design $3.7M 24 $1.85 $1.85
Construction $21.6M 30 $8.64 $8.64 $4.32

NEW-4: Install new piping to meet 
MDD

Engineering Planning & Design $389k 12 0.39$   
Construction $2.3M 18 1.53$   0.77$   

NEW-5: Install new pipe to meet MDD
Engineering Planning & Design 708.00$              12.00$          0.71$   
Construction 4.20$                  18.00$          2.80$   1.40$   

TWR-4: Install new elevated tower at 
33rd St Complex

Engineering Planning & Design 1.60$                  9.00$            1.60$   
Construction 9.30$                  12.00$          9.30$   

WEL-5: Replace 16 existing wells
Engineering Planning & Design 2.60$                  18.00$          1.73$   0.87$   
Construction $15.2M 30 $6.08 $6.08 $3.04

WEL-6: Replace 13 existing wells
Engineering Planning & Design $2.1M 18 1.40$   0.70$   
Construction $12.1M 30 4.84$   4.84$   2.42$   

WEL-7: Replace 10 existing wells
Engineering Planning & Design $1.6M 18 $1.07 $1.07
Construction $9.2M 30 $3.68 $3.68 $1.84



Table 7.6 CIP Implementation Schedule - Wastewater System
Water and Wastewater System Master Plan
City of Edmond, Oklahoma

Estimated 
Project Cost

Duration 
(Months) 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045

Wastewater Treatment
Phase I: Expansion of the WWTP 
Facilities to 12.0 mgd; and conversion 
of the treatment process to 
Conventional Activated Sludge

Engineering Planning & Design $11.2M 24 5.60$   5.60$   
Construction $65.7M 36 21.90$ 21.90$ 21.90$ 

Phase II: Expansion of the WWTP 
Facilities to 16.0 mgd

Engineering Planning & Design $1.8M 12 1.80$   
Construction $10.8M 24 5.40$   5.40$   

Phase III: Construction of advanced 
treatment facilities for IPR

Engineering Planning & Design $14.9M 30 5.96$   5.96$   2.98$   
Construction $84.3M 48 21.08$ 21.08$ 21.08$ 21.08$ 

WTP-3: Expand WTP facilities from 40 -
to 54 mgd

Engineering Planning & Design $5.8M 30 2.32$   2.32$   2.32$   
Construction $43.7M 30

BNR-1: Construction of new facilities 
for biological nutrient removal **Timing of this project is dependent upon regulatory requirements which are currently unknown.

Engineering Planning & Design $1.8M 9
Construction $10.4M 15

MISC-1: Construction of new odor 
control facilities **Timing of this project is dependent upon the need for these facilities.

Engineering Planning & Design $230k 12 0.23$   
Construction $1.4M 18 0.70$   0.70$   

MISC-2: Standby Power Generation **Timing of this project is dependent upon the need for these facilities.
Engineering Planning & Design $350k 12 0.35$   
Construction $6.1M 24 3.05$   3.05$   

REU-1: Construction of treatment 
facilities for wastewater reuse **Timing of this project is dependent upon the need for these facilities.

Engineering Planning & Design $1.0M 9 1.00$   
Construction $6.1M 15 4.07$   2.03$   

Collection System
LS-1: Replacement of Spring Creek Lift 
Station with parallel Force Main

Engineering Planning & Design $4.1M 18 2.73$   1.37$   
Construction $24.2M 30 9.68$   9.68$   4.84$   

LS-2: Replacement of 33rd & 40th 
Street Lift Stations with a single new lift 
station

Engineering Planning & Design $812k 12 0.81$   
Construction $4.8M 18 3.20$   1.60$   

LS-3: Modifications to Chisholm Creek 
Lift Station and new Holding Pond

Engineering Planning & Design $447k 12 0.50$   
Construction $2.6M 18 1.73$   0.87$   

E5-1: Upsize existing sewer from 10" to 
18"

Engineering Planning & Design $186k 9 0.19$   
Construction $1.1M 18 0.73$   0.37$   

E5-2: Upsize existing sewer from 15" to 
24"

Engineering Planning & Design $252k 9 0.25$   
Construction $1.5M 18 1.00$   0.50$   

E5-3: Upsize existing sewer from 
18"/24" to 36"

Engineering Planning & Design $636k 12 0.64$   
Construction $3.7M 24 1.85$   1.85$   

E6-1: Upsize existing sewer from 15" to 
21"

Engineering Planning & Design $179k 9 0.18$   
Construction $1.1M 18 0.73$   0.37$   

E6-2: Upsize existing sewer from 8" to 
12"

Engineering Planning & Design $99k 9 0.99$   
Construction $583k 12 0.58$   

E6-3: Upsize existing sewer from 8" to 
15"

Engineering Planning & Design $85k 9 0.85$   
Construction $499k 12 0.50$   

E1-1: Upsize existing sewer from 24" to 
36"

Engineering Planning & Design $1.7M 12 12.00$ 

CIP Project

Timeline



Construction $9.8M 30 3.92$   3.92$   1.96$   
E3-2: Upsize existing sewer from 18" to 
30"

Engineering Planning & Design $184k 9 0.18$   
Construction $1.1M 18 0.73$   0.37$   

E4-1: Upsize existing sewer from 24" to 
36"

Engineering Planning & Design $229k 12 0.23$   
Construction $1.3M 24 0.65$   0.65$   

E4-2: Upsize existing sewer from 24" to 
36"

Engineering Planning & Design $98k 9 0.98$   
Construction $573k 12 0.57$   

E4-3: Upsize existing sewer from 24" to 
36"

Engineering Planning & Design $144k 9 0.14$   
Construction $848k 12 0.85$   

E4-4: Upsize existing sewer from 24" to 
36"

Engineering Planning & Design $378k 12 0.38$   
Construction $2.2M 24 1.10$   1.10$   

E4-5: Install parallel 24" sewer
Engineering Planning & Design $38k 9 0.04$   
Construction $223k 12 0.22$   

E6-4: Install parallel 15" sewer
Engineering Planning & Design $272k 9 0.27$   
Construction $1.6M 18 1.07$   0.53$   

W2-1: Upsize existing sewer from 
8"/10" to 18"

Engineering Planning & Design $269k 9 0.27$   
Construction $1.6M 24 0.80$   0.80$   

W2-2: Upsize existing sewer from12" to 
18"

Engineering Planning & Design $188k 9 0.19$   
Construction $1.1M 18 0.37$   0.73$   

W2-3: Upsize existing sewer 
from21"/24" to 30"

Engineering Planning & Design $348k 12 0.35$   
Construction $2.0M 24 1.00$   1.00$   

W2-4: Upsize existing sewer from 
8"/10" to 15"

Engineering Planning & Design $339k 12 0.34$   
Construction $2.0M 24 1.00$   1.00$   

W2-5: Upsize existing sewer from 10" 
to 15"

Engineering Planning & Design $173k 6 0.17$   
Construction $1.0M 12 1.00$   

E3-3: Install parallel 24" sewer
Engineering Planning & Design $164k 12 0.16$   
Construction $965k 18 0.48$   0.48$   

EW1-1: Upsize existing 10"/12" to 15"
Engineering Planning & Design $141k 9 0.14$   
Construction $827k 12 0.83$   
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