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EXECUTIVE SUMMARY 
 
This Engineering Report provides a 20-year plan for maintaining adequate capacity at the 
City of Soap Lake’s Wastewater Treatment Facility (WWTF).  This Report has been 
prepared in accordance with the Washington State Department of Ecology’s guidelines 
set forth in WAC 173-240-060. 
 
The Report achieves the following objectives: 
 

 Describes the condition of existing treatment facilities 
 Projects future wastewater service area population 
 Develops design wastewater flows and loadings 
 Determines required capital improvements 
 Presents a capital improvements financing plan, including potential sewer 

rate impacts 
 
EXISTING FACILITIES 
 
The existing WWTF is presently permitted to discharge treated wastewater to 
groundwater through the use of rapid infiltration basins by its State Waste Discharge 
Permit (Permit), which was issued on February 3, 2012.  The permit will expire on 
February 28, 2017. 
 
The existing wastewater treatment facilities include an influent grinder, an oxidation 
ditch, two secondary clarifiers, a chlorine contact tank that is not currently used because 
of the lack of disinfection requirements in the Permit, and six rapid infiltration basins.  
The solids handling facilities include activated sludge pumping, an aerobic digester, and 
sludge drying beds.  The City’s current method for providing a beneficial use of its 
biosolids product is to have the biosolids hauled to the Boulder Park facility in Mansfield, 
WA for land application. 
 
PROJECTED WASTEWATER FLOWS AND LOADINGS 
 
Projected wastewater flows and loadings to the WWTF for the design year 2031 are 
based on historical flows and loadings, and growth projections for the sewer service area.  
These projections assume that the population in Soap Lake’s service area will grow at 1.5 
percent per year during the next twenty years, to a design population of 2,067 in 2031.  
This growth rate is consistent with all current City planning, although the City’s decision-
making should be adjusted based upon the actual growth rate experienced in the future. 
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The estimated 2031 design wastewater flows and loadings are shown in Table ES-1. 
 

TABLE ES-1 
 

Projected Wastewater Flows and Loadings 
 

Criteria 
Projected Design  
Criteria (2031) 

Average Annual Flow (MGD) 0.26 
Maximum Month Flow (MGD) 0.32 
Maximum Day Flow (MGD) 0.41 
Peak Hour Flow (MGD) 0.93 
Annual Average BOD5 Loading (lb/d) 392 
Maximum Month BOD5 Loading (lb/d) 641 
Annual Average TSS Loading (lb/d) 331 
Maximum Month TSS Loading (lb/d) 661 
Annual Average TKN Loading (lb/d) 78 
Maximum Month TKN Loading (lb/d) 127 
Design Population 2,067 

 
RECOMMENDED IMPROVEMENTS 
 
In 2011, the City applied for design and construction funding from the Public Works 
Board for improvements to the WWTF, and the application was accepted for funding.  
The scope of work for the funding application was based upon a letter report developed 
by Gray & Osborne, Inc. in 2008, and the City’s priorities for WWTF needs have 
changed since the development of the letter report.  Therefore, the scope of work to be 
completed with the Public Works Trust Fund (PWTF) funding will be modified.  As a 
result, this Report identifies two phases of work to address the identified deficiencies.  
The first phase consists of immediate improvements recommended for funding with the 
PWTF loan, and the second phase consists of improvements to be completed in the future 
as the growth of the City necessitates increased capacity.  If the City were to grow at 
1.5% per year as projected in the Report, it is anticipated that the Phase II improvements 
would be necessary in the year 2017. 
 
The following is a summary of improvements necessary to treat the 2031 design flows 
and loadings and to correct other deficiencies at the WWTF. 
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Phase I Improvements 
 Remove influent grinder from service, modify grinder structure, and 

install new mechanical fine screen 
 Modify the effluent sampler to flow-pace with effluent flow 
 Install a new effluent flow meter and calibrate the existing effluent flow 

meter 
 Modify the effluent flow meter piping to provide adequate straight pipe 

lengths 
 Construct new RAS and scum pump stations 
 Install new aerobic digester aeration  
 Rehabilitate and pave the sludge drying beds 
 Modify site electrical to utilize new 480V service 
 Install new emergency generator 

 
It is recommended that the City include a design for the secondary clarifier splitter box 
(and associated piping) and aerobic digester decanter in the Phase I design as Additive 
Bid (Optional with Owner) items.  This plan will allow the City to construct more of the 
desired work if the bids are more competitive than estimated or if the City determines 
that the bid price for the additional work is favorable enough to warrant spending sewer 
reserves on the construction. 
 
The estimated cost of the Phase I capital improvement project is presented in Table ES-2. 
 

TABLE ES-2 
 

Phase I Capital Improvement Cost Estimate (1) 
 

Phase I 
Trench Safety Systems $20,000 
Excavation/Backfill $35,000 
Grinder Structure Modification $30,000 
Fine Screen Equipment $210,000 
Effluent Flow Meter and Piping Modifications $29,000 
RAS Station $168,000 
Scum Station $196,000 
Digester Surface Aerator $150,000 
Sludge Drying Bed Rehabilitation $139,000 
Electrical, Telemetry, and Controls $652,000 
Investment Grade Efficiency Audit $10,000 
Phase I Total $1,639,000 

(1) Project costs include mobilization, 25% contingency, sales tax, 
design, and construction administration. 
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Phase II Improvements 
 Upsize Lift Station No. 2 
 Construct new headworks and relocate mechanical fine screen 
 Modify the influent sampler to flow-pace with influent flow 
 Construct bioselectors 
 Construct anoxic basin 
 Install floating aerator in oxidation ditch 
 Construct secondary clarifier splitter box 
 Paint Secondary Clarifier No. 1 
 Install additional effluent pump 
 Install floating decanter in aerobic digester 
 Construct additional sludge drying beds 
 Construct nonpotable water pump station 
 Modify plumbing to meet cross connection control requirements 
 

If the City continues to experience growth at the design annual growth rate of 1.5%, it is 
recommended that the City begin design of the Phase II improvements in approximately 
2015. 
 
The estimated cost of the Phase II capital improvement project is presented in Table  
ES-3. 
 

TABLE ES-3 
 

Phase II Capital Improvement Cost Estimate (1) 
 

Phase I 
Trench Safety Systems $30,000 
Excavation/Backfill $50,000 
Modify Lift Station No. 2 $37,000 
Bioselectors $251,000 
Anoxic Basin $335,000 
Site Piping $90,000 
Sampler Modification $12,000 
Oxidation Ditch Modification $59,000 
Secondary Clarifier No. 1 Painting $17,000 
Aerobic Digester Decanter $37,000 
Cross Connection Control Upgrades $75,000 
Nonpotable Water Pump Station $75,000 
Sludge Drying Beds $70,000 
Effluent Pump $55,000 
Electrical, Telemetry, and Controls $236,000 
Phase II Total $1,429,000 

(1) Project costs include mobilization, 25% contingency, sales tax, 
design, and construction administration. 
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FINANCING 
 
The City is currently on the award list for the PWTF program for funding of the design 
and construction of the Phase I improvements, and it is assumed that the funding will be 
available in the fall of 2012 to begin design.  PWTF funding requires approximately 
$5,500 in annual debt service per $100,000 in loan, which results in an anticipated debt 
service of approximately $81,300 for the $1,478,200 loan.  The remaining $160,800 will 
therefore be necessary for the City to finance through sewer funds. 
 
As addressed in Chapter 8 of the Report, the City is projected to have an operating 
surplus of approximately $42,000 available for debt service of the Phase I improvements 
due to recent sewer rate increases.  Therefore, the remaining annual $39,300 in debt 
service will require an additional rate increase of between $4 and $5 per month.  It is 
recommended that the rate increase be established prior to beginning construction of the 
improvements to allow the City to establish sufficient reserves to fund the portion of the 
capital improvements not funded through the PWTF loan. 
 
It is estimated that the Phase I work will be constructed in 2013-2014, and the City will 
not pursue funding for Phase II concurrently with the Phase I work.  The work to be 
completed in Phase II is primarily required to address deficiencies in redundancy or a 
projected lack of capacity.  However, the City should be capable of meeting its discharge 
permit limits in the interim if process equipment does not fail or otherwise become 
unavailable before the City constructs the Phase II improvements.  As addressed in 
Chapter 6 of the Report, additional sludge drying bed volume and the anoxic basin are 
projected to become necessary in approximately five to six years if the City continues to 
grow at the projected rate.  Therefore, it is recommended that the City plan to begin 
applying for funding for the Phase II improvements in 2015.  This schedule should 
provide the City with enough time to apply for and receive funding, secure funding, 
design, and construct the improvements before they become necessary. 
 
It is likely that the funding terms and eligibility requirements for the various funding 
programs will be different when the Phase II improvements are designed and constructed, 
but based upon current funding conditions, it is projected that the debt service for Phase 
II will be between approximately $70,000 and $90,000 per year.  The rate increase for 
this debt service is projected to be between $8.00 and $10.00 per month, dependent upon 
population growth and availability of favorable funding.  It is recommended that the City 
consider adopting General Facility Charges to assist in financing the Phase II 
improvements. 
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CHAPTER 1 
 

INTRODUCTION 
 
PURPOSE 
 
The purpose of this Engineering Report is to address the City of Soap Lake’s planning 
needs for wastewater treatment and disposal for the next 20 years.  This Report has been 
prepared in accordance with the provisions of the Revised Code of Washington (RCW), 
at Section 90.48, Water Pollution Control, WAC 173-240-060, Engineering Report, and 
the United States Code of Federal Regulations (CFR) at 40 CFR 35.917, Facilities 
Planning.  Development of the Report has been coordinated with the City’s 2011 Water 
System Plan. 
 
The Report is intended to be feasible in terms of engineering, economic, regulatory, and 
political frameworks.  Included in the Report are conceptual designs and cost estimates 
for recommended major improvements to facilities, as well as a proposed schedule for 
construction and a financing plan.  The projects described in the Report are consistent 
with State regulations relating to the prevention and control of pollutants discharged into 
State waters, anti-degradation of existing and future beneficial uses of ground waters, and 
anti-degradation of surface waters.  The Report will recommend sufficient flexibility to 
provide wastewater facilities for existing areas of need and to support future development 
within the planning area. 
 
OVERVIEW 
 
The City of Soap Lake was incorporated in July 1919.  The City is located five miles 
north of Ephrata, Washington, at the southern end of the Grand Coulee.  The City is 180 
miles east of Seattle, 115 miles west of Spokane, 52 miles south of Grand Coulee, and 
100 miles north of Pasco.  A vicinity map for the surrounding area is shown in Figure 
1-1. 
 
The main topographic feature of the area, and the one that the City derives its economic 
livelihood from, is Soap Lake, a mineral lake containing chemicals which are therapeutic 
in nature.  Tourists are drawn to Soap Lake to vacation and take advantage of the mineral 
baths available at the many hotels and motels.  The economy of the City is oriented 
towards summer tourism, although many people have retired to Soap Lake due to the 
mild, dry climate. 
 
The City of Soap Lake has a mayor and City Council form of government.  The City 
owns and operates the municipal sewer collection system and the wastewater treatment 
facility (WWTF), which discharges to groundwater by infiltration of effluent into the soil.  
The collection system serves the residents, industries, and businesses within the city 
limits.  The Mayor is Raymond Gravelle and the Public Works Director is Darrin 
Fronsman.  The City’s current mailing address and main telephone number are: 



Gray & Osborne, Inc., Consulting Engineers 

1-2  City of Soap Lake 
January 2013  Engineering Report 

 
City of Soap Lake 

239 Second Ave. SE 
P.O. Box 1270 

Soap Lake, WA 98851 
(509) 246-1211 

 
HISTORY AND DEVELOPMENT OF THE SEWER SYSTEM 
 
The City of Soap Lake constructed a WWTF in 1978 to replace an existing facility which 
was originally built in 1946.  The 1978 facility consisted of a comminutor, two 15 hp 
aeration basin rotors, one 28-ft diameter clarifier, one 10,500-gallon digester, three 
drying beds, a spray field, and a drainfield system.  The spray field was abandoned during 
the first year of service because of fear of aerosol drift to the road and neighboring 
school.  The drainfield did not provide the level of treatment and protection of the 
groundwater that is currently required.  The drainfield was determined to be too small to 
adequately infiltrate the existing effluent flows in 2000, and has therefore not been used 
since the most recent upgrades in 2001. 
 
Plans for the most recent WWTF upgrade were submitted to Ecology during November 
2000.  Final approval was granted in January 2001.  The upgraded facility became 
operational in the spring of 2004.  Major components of the upgrade include an influent 
grinder, modified the existing oxidation ditch with nitrogen removal, a new clarifier, 
upgraded sludge handling facilities, and rapid infiltration basins that replaced the existing 
land application spray irrigation system.  
 
The collection system includes approximately 11 miles of sewers from 6- to 12-inches in 
diameter and two lift stations.  Concrete pipe dating to the original installation period 
from the late ‘40s and ‘50s is the predominant sewer pipe material.  Some clay pipe is 
also present, but the quantity has not been determined.  Recent extensions and 
replacements of approximately 5,700 feet of sewers have been constructed of PVC sewer 
pipe. 
 
REVIEW OF EXISTING REPORTS 
 
Existing documents and reports that were reviewed in preparing this Report include: 
 

 City of Soap Lake Water System Plan, Gray & Osborne, Inc., 2011 
 
 City of Soap Lake Operation and Maintenance Manual for the Wastewater 

Treatment Plant, Wilson Engineering, 2004 
 
 City of Soap Lake Predesign Report for Wastewater Treatment Plant 

Improvements, Wilson Engineering, 2001 
 



SOAP LAKE

SOURCE:   WSDOT
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 City of Soap Lake Comprehensive Sewer Plan, Hammond, Collier & 
Wade-Livingstone Associates Inc., 1999. 

 
 City of Soap Lake Wastewater Treatment Facilities Engineering Report, 

Hammond, Collier & Wade-Livingstone Associates Inc., 1998. 
 
 City of Soap Lake Hydrogeologic Report, Hammond, Collier & Wade-

Livingstone Associates Inc., 1997. 
 
 WWTF Construction Drawings, Wilson Engineering Inc., 2001. 

 
In addition to the above documents, City of Soap Lake staff members were consulted to 
help develop the planning numbers and assumptions used in this Report.  Gray & 
Osborne and City staff held several meetings and conducted field inspections to evaluate 
the condition of the wastewater system. 
 
SCOPE 
 
This document is organized into the following chapters: 
 
Chapter 1 – Introduction.  This chapter contains a background of the project, purpose, 
and scope of the report. 
 
Chapter 2 – Planning Data.  This chapter includes a discussion of general planning data 
required to complete later chapters of the plan. 
 
Chapter 3 – Regulatory Requirements.  This chapter includes a discussion of the City’s 
State Waste Discharge Permit, Biosolids Management (WAC 173-308) and its effect on 
the WWTF, and the required environmental permitting for WWTF improvement projects. 
 
Chapter 4 – Wastewater Flows and Loadings.  This chapter develops flows and loadings 
that will be used in subsequent chapters to evaluate the capacity of the WWTF and to 
plan improvements to the existing WWTF. 
 
Chapter 5 – Wastewater Treatment Facility Evaluation.  This chapter describes and 
provides a detailed capacity analysis of the existing WWTF. 
 
Chapter 6 – Wastewater Treatment Facility Improvements.  This chapter evaluates 
wastewater treatment alternatives and recommends capital improvements at the WWTF. 
 
Chapter 7 – Water Reclamation and Reuse Evaluation.  This chapter presents an 
evaluation of the opportunities available for the use of reclaimed water for the City of 
Soap Lake and its benefits. 
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Chapter 8 – Financing.  This chapter presents a plan for the City to finance the capital 
improvements and operation and maintenance costs associated with the recommended 
wastewater treatment facility upgrades. 
 
 



CHAPTER 2 
 

PLANNING DATA 



City of Soap Lake  2-1 
Engineering Report   January 2013 

CHAPTER 2 
 

PLANNING DATA 
 
INTRODUCTION 
 
The configuration of a wastewater collection and treatment system is influenced by 
community development trends and timing, regulatory requirements, growth 
considerations, and topography.  This chapter addresses growth considerations by 
providing a projection of the population growth within the sewer service area for the  
20-year planning period. 
 
PLANNING PERIOD 
 
The wastewater system is in need of periodic evaluation and improvement to continue to 
provide adequate wastewater services for existing customers and to serve future growth.  
The planning period for the wastewater utility evaluations should be long enough to be 
useful for an extended period, but not impractical.  For this Report, the planning period is 
2011 through 2031, a 20-year planning interval. 
 
SERVICE AREA 
 
The City of Soap Lake is subject to the State Growth Management Act, which requires 
cities to plan their growth, avoiding inefficient land use.  Figure 2-1 delineates the 
corporate limits and Urban Growth Area (UGA) boundaries of the City.  As allowed by 
the Growth Management Act, City utilities and services may be gradually expanded into 
the UGA area as needed.  The City’s corporate limits encompass an area of 
approximately 806 acres, while the UGA boundary encompasses an additional area of 
approximately 360 acres. 
 
The current sewer service area is defined as the residential, business, commercial, 
industrial, and public areas served by the existing sewer collection system. 
 
PROJECTED SERVICE AREA 
 
Growth over the next 20 years is expected to continue to infill the area within the existing 
City limits and to expand into the UGA.  It is not anticipated that there will be new 
connections associated with existing septic systems being connected to the sewer system 
since septic tanks are not allowable under current City code, and there are no known 
septic tanks in the City. 
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LAND USE AND ZONING 
 
Figure 2-1 shows zoning for the City and the UGA.  Table 2-1 summarizes the current 
zoning within the Soap Lake city limits. 
 

TABLE 2-1 
 

Existing Zoning within the City Limits 
 

City Zoning Designation Acres Percent of Total Area 
R-1 – Residential 216 26.8 
R-2 – Multiple Dwelling 171 21.2 
R-3 – Permanent Mobile 97 12.0 
R-4 – Trailer Courts and Camps 10 1.2 
C-1 – 1st Class Commercial 29 3.6 
C-2 – 2nd Class Commercial 32 4.0 
M-1 – Industrial 57 7.1 
City ROW 194 24.1 
Total City Limits 806 100%  

 
The area between the current City limits and the UGA boundary is envisioned as a buffer 
zone between the urban land uses within the City limits and the rural land uses in the 
surrounding areas of Grant County.  City services such as water and sewer could 
eventually be extended to this buffer zone as individual properties are annexed. 
 
In general, existing land uses within the City limits correspond to the zoning districts 
presented in Figure 2-1.  The majority of the City is zoned Residential (over 60 percent), 
and businesses are primarily located in central Soap Lake and extend to the southern City 
limits along SR 17.  The southwest and southeast corners of the City are zoned Industrial. 
 
SERVICE AREA POPULATION 
 
As shown in Figure 2-2, the population within the City limits of Soap Lake has varied 
over the years, but has remained reasonably stable since 2000.  Population data for Figure 
2-2 was obtained from the Washington State Office of Financial Management (OFM).
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FIGURE 2-2 
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As shown in Figure 2-2, the City experienced a population decrease between 2000 and 
2010.  However, the City does not believe this trend will continue.  For this Report, the 
City is projected to grow at an annual rate of 1.5 percent, which is the growth rate for 
Grant County.  Use of this growth rate is consistent with all current City planning.  The 
City’s 2009 Comprehensive Plan Update cautions that while the County’s growth rate 
represents the highest rate allowed under the Growth Management Act, that rate may not 
reflect true growth rates within Soap Lake.  Consequently, the City plans to monitor 
actual growth during the planning period, and to make adjustments if necessary.  Table  
2-2 provides future population projections using a growth rate of 1.5 percent annually. 

 
TABLE 2-2 

 
City of Soap Lake Projected Population 

 
Year Projected Population  
2011 1,537 
2017 1,680 
2031 2,069 

 
The City has indicated that it is not aware of any large businesses with plans to begin 
operations in Soap Lake in the near future.  However, as the population increases, new 
businesses are expected to open, and businesses serving the everyday needs of the 
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community are expected to expand to meet these needs.  As a result, it is projected that 
the size of businesses, including wastewater generation, will continue to grow at the same 
1.5 percent annual rate as the population. 
 
ENVIRONMENTAL FACTORS 
 
Various natural features of the service area are discussed below, such as climate and 
precipitation, geography, topography, geology, soils, surface and ground water resources, 
and flood hazard areas. 
 
CLIMATE AND PRECIPITATION 
 
The climate in the Soap Lake area is influenced to a great extent by the Cascade Range 
and the Rocky Mountains.  The Rocky Mountains shield the county from the more severe 
winter storms moving southward across Canada, while the Cascade Range forms a barrier 
to the early movement of moist air from over the ocean; however, some of the air from 
each of these sources reaches Soap Lake. 
 
In the Soap Lake area, summers are warm or hot.  Precipitation in summer falls mainly as 
showers, frequently as thunderstorms.  In winter the ground is frequently covered with 
snow.  Chinook winds, which blow downslope and are warm and dry, often melt and 
evaporate the snow. 
 
Table 2-3 presents the temperature and precipitation data for the City. 
 

TABLE 2-3 
 

Climate Data City of Soap Lake (1) 

 
 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 
Average Max. 
Temperature (F) 

33.3 41.9 53.1 62.8 72.5 81.1 88.3 87.4 77.5 63.0 45.0 33.8 61.7 

Average Min. 
Temperature (F) 

20.8 26.8 32.5 39.0 47.5 55.6 61.3 60.4 51.3 39.9 30.7 22.1 40.6 

Average 
Temperature (F) 

27.1 34.2 43.0 50.9 60.1 68.4 74.8 73.9 64.6 51.4 37.8 28.0 51.1 

Average Total 
Precipitation (in.) 

0.9 0.7 0.7 0.5 0.5 0.6 0.3 0.2 0.3 0.5 1.0 1.2 7.6 

(1) Data from Global Historical Climatology Network Summary 1996 to 2010 
(worldclimate.com). 

 
GEOGRAPHY 
 
The City of Soap Lake is located five miles north of Ephrata, WA at the southern end of 
the Grand Coulee.  The City is 180 miles east of Seattle, 115 miles west of Spokane, 52 
miles south of Grand Coulee, and 100 miles north of Pasco. 
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TOPOGRAPHY 
 
Soap Lake is located within the broad flood plain of the prehistoric Columbia River 
Channel.  At the northernmost point of this plain, the water flow excavated a deep pocket 
from the basalt which created the water body known as Soap Lake.  The topography of 
the City is mostly flat land that is bordered by steep cliffs to the northeast and northwest.  
The topography ranges from 1,080 feet along the Lake to about 1,200 feet above sea level 
at the east and west ends of town. 
 
GEOLOGY 
 
The soils in the Soap Lake area were formed in glaciofluvial deposits, loess, lacustrine 
deposits, eolian sand colluvium from basalt and grandodiorite, glacial till, organic 
materials, and recent alluvium.  Catastrophic floods of glacial melt water from Glacial 
Lake Missoula, 13,000 to 20,000 years ago, are the major source of glacial outwash 
deposits of sand and gravel in the area.  Ice dams storing great volumes of water in 
Glacial Lake Missoula repeatedly were breached by overflow from the lake.  The floods 
were diverted southward across the Columbia Plateau when glacial ice dammed the 
Columbia River.  There probably were at least seven successive floods resulting from the 
failure of the ice dams, and five of these are believed to have crossed the Columbia 
Plateau. 
 
It has been postulated that the loess that blankets the hills has a complex origin.  The 
primary deposit was airborne.  Local ponding, intermittent streamflow and sheetwash 
have played a secondary role in reworking and re-depositing the loess.  The loess mantle 
on hills in the northern part of Grant County is dominantly 5-40 feet thick. 
 
During Pliocene time, the rising of Horse Heaven Hills reduced the gradient of the 
Columbia River Tributary streams.  This reduced gradient resulted in deposition of the 
Ringold Formation.  The Ringold Formation is considered to represent a period of 
sedimentation continuing beyond the emission of the latest basalt flows.  The sediment 
that accumulated prior to the emission of the latest basalt flows is known as the 
Ellensburg Formation. 
 
During the Pliocene and early Pleistocene, the Cascade Range was uplifted, causing a 
gradual shift from semihumid to semiarid climate.  The drier climate is recorded in the 
gradual increase in calcareousness and cementation of the Ringold surface.  Post-glacial, 
or Holocene, modifications of the landscape include very localized deposition of 
alluvium.  Saltese soils formed in remains of plants with a minor amount of alluvium.  
They formed in areas where the ground water level tends to fluctuate within the soil, 
allowing periodic aerobic decomposition of organic material. 
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SOILS 
 
Soils in Soap Lake are grouped generally as Adkins very fine sandy loam, 5-10% slopes.  
This very deep, well drained soil is on hills and is formed in loess.  The native vegetation 
is mainly grasses and shrubs. 
 
Soils are further broken down into the following soil types.  The most prevalent soil type 
in the City limits is Kennewick fine, sandy loam, with slopes of 5% or less.  This soil is 
deep and well drained with a moderate infiltration rate.  The second most prevalent is 
Kennewick silt-loam, with slopes of 5%-10%.  This soil is also deep and well drained and 
has a moderately low infiltration rate.  Other soil groups include Umapine silt-loam, a 
deep, well drained soil made up of glacial till and typically containing discontinuous lime 
and silica lenses less than 1/8” thick.  Permeability through Umapine silt-loam is 
moderate through soil and moderately slow through the lenses.  Also present is the 
Schawana complex on 0%-15% slopes.  This soil type is made up of loamy fine sand, and 
cobbly loamy fine sand.  Permeability is rapid, available water is low, and the hazard of 
soil blowing is high. 
 
Quincy loamy fine sand, 0-15% slopes, can also be found here, and is a deep, somewhat 
excessively drained soil located on dunes and terraces.  Permeability is rapid, available 
water capacity is low, and runoff is slow, and therefore the hazard of soil erosion is 
slight, however the hazard of soil blowing is high.  Kennewick silt loam 0%-2% slopes 
and 2%-5% slopes can also be found within the limits of Soap Lake.  These are well 
drained, very deep soils with moderately slow permeability with a high water capacity.  
The final large group of soil is Warden silt-loam, 0%-2% slopes.  This is a very deep, 
well-drained soil with a moderate permeability and a high water capacity. 
 
SURFACE WATER 
 
The predominant geographic feature in the surrounding area, and the City’s namesake, is 
Soap Lake.  Soap Lake is used for its recreational opportunities and is also believed to 
have healing properties due to its unusual mineral content.  Soap Lake is a meromectic 
lake that is extremely mineral-rich, and has been extensively studied due to its 
composition.  Soap Lake is classified as a shoreline of State significance and falls under 
the Shoreline Management Act of 1971, Chapter 90.58 RCW.  Thus, use of Soap Lake 
must comply with all state requirements and laws which manage shorelines of statewide 
significance. 
 
GROUNDWATER 
 
The City’s water supply is provided by two groundwater wells, Well No. 1 and Well  
No. 3.  The wells are rated for 800 gpm and 1,130 gpm, respectively.  The City 
previously operated a third groundwater well, Well No. 2, that was removed from active 
status following construction of the City’s wastewater treatment facility infiltration basins 
that are located within a few hundred feet of the well. 
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The City’s infiltration basins return treated wastewater to the groundwater to recharge the 
aquifers.  As a result, the City’s State Waste Discharge Permit requires groundwater 
monitoring in three locations to assess any potential degradation of groundwater as a 
result of the City’s wastewater treatment facility.  
 
Groundwater in the vicinity of Soap Lake is managed by the Soap Lake Protective Works 
(Protective Works).  The principal components of the Protective Works are the FMX 
wellfield and the INY wellfield.  These wellfields each consist of three pumping wells in 
a manifold to a discharge header which discharges to the Bureau of Reclamation West 
Canal to supplement the irrigation water supply for the Columbia Basin Project.  The 
purpose of the Protective Works is to maintain the level of Soap Lake and to prevent 
groundwater from diluting or otherwise modifying the unique water chemistry of Soap 
Lake. 
 
FLOOD HAZARD AREAS  
 
The FEMA maps for the Soap Lake vicinity do not suggest that there are any flood 
hazard areas in the City limits, aside from localized flooding potential due to low spots in 
site topography. 
 
OTHER DOMESTIC/INDUSTRIAL WWTF 
 
The City does not discharge treated wastewater to  receiving water that is shared by other 
entities due to the nature of the discharge to groundwater.  The closest domestic WWTF 
is the City of Ephrata Water Reclamation Facility six miles to the southwest, which also 
discharges effluent to groundwater, but as Class A reclaimed water. 
 



CHAPTER 3  
 

REGULATORY REQUIREMENTS 
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CHAPTER 3 
 

REGULATORY REQUIREMENTS 
 
INTRODUCTION 
 
Regulatory requirements are used to develop design criteria as well as devise a long term 
strategy for discharge of treated liquid effluent and management of residual solids 
generated by the wastewater treatment process.  This chapter identifies and summarizes 
the regulations that affect the planning, design, and approval of improvements to the 
City’s collection system and wastewater treatment facilities (WWTF) at the federal, state 
and local regulatory levels.   
 
WATER QUALITY STANDARDS FOR GROUND WATERS OF THE 
STATE OF WASHINGTON, CHAPTER 173-202 WAC 
 
WAC 173-200 establishes ground water quality standards for the State of Washington.  
The goal of Ground Water Quality Standards is to minimize the impact to background 
water quality by promoting the most effective and reasonable treatment and reduction of 
wastewater discharges.  Since ground water in the State has not been fully characterized, 
especially the interconnection between aquifers, the State protects all ground water 
equally.  Therefore, the standards do not differentiate between the ground water receiving 
a wastewater discharge because all ground water is classified as a potential source of 
drinking water and/or potentially interconnected with a potential source of drinking 
water. 
 
Water quality standards have been developed for ground water for parameters such as 
fecal coliform, pH, nitrate, metals, and toxic, radioactive, and deleterious substances. 
 
The State of Washington has interpreted the Ground Water Quality Standards in 
Washington State Department of Ecology Publication 96-02, Implementation Guidance, 
which has been used in identifying requirements and the City’s compliance with them. 
 
ANTI-DEGRADATION POLICY 
 
The anti-degradation policy is designed to ensure the protection of the State’s ground 
waters and natural environment.  Anti-degradation protects background water quality and 
prevents degradation of the State’s waters beyond the criteria.  The anti-degradation 
policy is based on RCW 90.48.010 (the Water Pollution Control Act) and RCW 
90.54.020 (3) (the Water Resources Act). 
 
The anti-degradation policy has a two-tiered approach.  The first tier requires that 
existing and future beneficial uses be protected.  As a result, all ground water is protected 
as a potential source of drinking water. 
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The second tier requires that whenever ground waters are of a higher quality than State 
ground water criteria, the existing water quality shall be protected, and contaminants that 
would reduce the existing water quality will only be allowed to enter the ground water 
when it is in the overriding public interest, and only when the contaminants are provided 
with all known, available, and reasonable methods of prevention, control, and treatment 
(AKART) prior to entry.  Regardless of the quality of the receiving water, AKART must 
be applied to all wastes. 
 
Based upon the limited groundwater monitoring data that the City has collected, it is 
assumed that the ground water in the vicinity of the WWTF is of higher quality than the 
numerical criteria in WAC 173-200-040.  As a result, it is necessary to protect the quality 
of the ground water by reducing the discharge concentrations of various contaminants.  
Table 3-1 summarizes the ground water criteria for contaminants identified in the City’s 
State Waste Discharge Permit and the corresponding ground water concentrations 
measured by the City quarterly in 2010 and 2011.  The location of the monitoring wells is 
shown in Figure 3-1.  Monitoring Well No. 1 is upgradient and Monitoring Wells No. 2 
and 3 are downgradient. 
 

TABLE 3-1 
 

Ground Water Quality 
 

Parameter 
Ground Water 

Criteria (1) 
Monitoring 

Well 1 (2) 
Monitoring 

Well 2 (2) 
Monitoring 

Well 3 (2) 
Total Coliform Bacteria 
(# / 100 mL) 

1 <1 <1 11.1 

Total Dissolved Solids 
(mg/L) 

500 268 252 290 

Total Nitrogen 
(mg/L) 

10 2.21 2.65 2.95 

pH 
(Standard Units) 

6.5 to 8.5 (3) 7.8 to 8.3 (3) 7.6 to 7.8 (3) 7.6 to 7.8 (3) 

(1) Per WAC 173-200-040 Table 1. 
(2) Maximum recorded value 
(3) Range of minimum recorded value to maximum recorded value 

 
Per the City’s State Waste Discharge Permit: 
 

“Ecology has reviewed the existing records for the facility and is unable to 
determine background groundwater quality tolerance limits without additional 
data.  The proposed permit includes a continued groundwater sampling schedule 
to establish the upgradient (background) quality of the groundwater.  The 
available data indicates that the rapid infiltration land treatment process is 
providing adequate final treatment for the wastewater effluent and is maintaining 
groundwater standards at the point of compliance.  It is Ecology’s best 
professional judgment to continue permitting the rapid infiltration basin land 
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treatment process until sufficient data is collected to establish background water 
quality.” 
 

As a result of this statement, this Report does not recommend improvements to address 
the potential for more stringent permit conditions in the future.  Until Ecology makes a 
determination regarding background water quality, future treatment that might be 
necessary is unknown.  However, it is recognized that groundwater monitoring data 
appears to show an increase in total coliform bacteria and total nitrogen downstream of 
the WWTF, and therefore there is potential in the future for additional treatment 
requirements. 
 
HYDROGEOLOGIC STUDY 
 
For all activities which have a reasonable potential to contaminate ground water, a 
complete hydrogeologic study is required per WAC 173-200-080(2).  The minimum 
required elements that should be addressed in the hydrogeologic study include ambient 
ground water quality, ground water depth and flow direction, location and construction of 
existing wells within one mile, waste characterization, AKART, and beneficial uses.  
Additional hydrogeologic characterization requirements may include characterization of 
geology, hydrogeology, area impacted, and nearby surface water. 
 
A hydrogeologic report was completed in September 1997 by Hammond, Collier & 
Wade-Livingstone Associates, Inc.  The study concluded that existing groundwater 
monitoring data was not significant, identified various nitrogen removal technologies 
available to the City, recommended a modified oxidation ditch intermittent aeration 
process, and identified the optimum geometry for subsurface effluent land application.  
The analysis and recommendations for this study were used as the foundation for the 
development of the project design that was subsequently constructed in 2000. 
 
The hydrogeologic study requirements from WAC 173-200-080(2) have been met, and 
therefore no additional hydrogeologic analysis is required. 
 
MONITORING PLAN 
 
Some level of ground water monitoring is required for all wastewater treatment facilities 
which discharge effluent to ground water.  However, per correspondence with Marcia 
Sands of the Department of Ecology (October 13, 2011), Soap Lake is not required to 
create a formal monitoring plan because the required ground water sampling and 
reporting is a component of the City’s State Waste Discharge permit.  
 
DISCHARGE PERMITS 
 
The primary means for achieving the water quality standards of WAC 173-200 is the 
issuance of discharge permits, such as State Waste Discharge permits issued by the 
Department of Ecology.  The City’s most current State Waste Discharge permit was 
issued on February 3, 2012 and will expire on February 28, 2017 (refer to Appendix A).  



Gray & Osborne, Inc., Consulting Engineers 
 

3-4 City of Soap Lake 
January 2013 Engineering Report 

Final effluent limits established for the WWTF in its current State Waste Discharge 
permit (permit no. ST 5282) and the basis for the limits are summarized in Table 3-2. 

 
TABLE 3-2 

 
City of Soap Lake Final Effluent Limitations (1) 

 

Parameter Basis of Limit 
Average 
Monthly

Average Weekly 
Maximum 

Daily 
Flow Technology (2) 0.30 MGD N/A 0.42 MGD 

Biochemical 
Oxygen Demand  
(5-day)  

Technology (2) 

30 mg/L 
or 85% removal of 

influent loading 
(lb/d) 

45 mg/L N/A 

Total Suspended 
Solids  

Technology (2) 

30 mg/L 
or 85% removal of 

influent loading 
(lb/d) 

45 mg/L N/A 

Total Nitrogen (3) Water Quality 10 mg/L N/A N/A 
(1) The average monthly effluent limitations are based on the arithmetic mean of the samples 

taken.   
(2) Based on plant design. 
(3) Total nitrogen is defined as the sum of Total Kjeldahl Nitrogen (TKN) plus nitrate and 

nitrite. 
 
STATE OF WASHINGTON BIOSOLIDS REGULATIONS,  
WAC 173-308 
 
WAC 173-308 is the basis for the statewide biosolids management program.  Rather than 
applying for a permit, facilities that are subject to the permit program apply for coverage 
under the existing statewide general permit.  The City of Soap Lake is covered under the 
general permit.  Currently the City stores digested biosolids in its sludge drying beds and 
hauls dried solids to Boulder Park Inc., a facility approved for land application of 
biosolids near Mansfield, WA. 
 
The current solids treatment process produces biosolids that meet the requirements for 
Class “B” pathogen reduction and vector attraction reduction requirements.   
 
OTHER REGULATORY REQUIREMENTS 
 
NATIONAL ENVIRONMENTAL POLICY ACT (NEPA) 
 
The National Environmental Policy Act (NEPA) was established in 1969 and requires 
federal agencies to determine environmental impacts on all projects requiring federal 
funding or federal permits.  If a project is determined to be environmentally insignificant, 
a Finding of No Significant Impact (FONSI) is issued; otherwise an Environmental 
Impact Statement (EIS) is required.  NEPA is not applicable to projects that do not 
include a federal component.  It is not anticipated at this time that the City will seek 
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federal financing for the improvements in this Report; therefore a NEPA report will not 
be completed at this time. 
  
STATE ENVIRONMENTAL POLICY ACT (SEPA) 
 
The State Environmental Policy Act (SEPA), as presented in WAC 197-11-960, requires 
all governmental agencies to ensure that applicable environmental concerns are addressed 
in the process of project planning and documentation.  Projects that have potential 
environmental impacts must complete a SEPA Checklist to satisfy planning and 
disclosure requirements.  A SEPA Checklist was completed concurrently with this Report 
and is included as Appendix B. 
 
STATE ENVIRONMENTAL REVIEW PROCESS (SERP) 
 
Any funding administered through the Department of Ecology, whether it contains 
federal funding or not, requires the completion of the State Environmental Review 
Process (SERP).  SERP is similar in scope to a NEPA, and consists of the SEPA process 
in conjunction with a biological assessment and a federal cross cutter report.  The 
biological assessment consists of the identification of all endangered or threatened 
species in the project area and how the project in question would be projected to impact 
each species.  The federal cross cutter report identifies the 13 federal environmental 
authorities, provides project documentation to each authority, and certifies that the 
project is in compliance with each authority.   
 
Due to the length of time required to receive certification from each authority, the cross 
cutter process is typically started early in the project.  Only the SEPA, biological 
assessment, and public meeting are required for approval of a Engineering Report.  This 
information is included in Appendix B, and Ecology will complete the federal cross 
cutter report if necessary during project design. 
 
ARCHEOLOGICAL AND CULTURAL RESOURCES SURVEY 
 
In November 2005, the Governor of Washington signed Executive Order 05-05 which 
requires state agencies to review capital construction projects for potential impacts to 
cultural resources.  This review is to be done in conjunction with the Department of 
Archeological and Historical Preservation (DAHP) and any affected Tribes.  It is 
anticipated that an archaeological and cultural resources review will be completed during 
the design phase of the WWTF improvements project.  During design, the City will 
contract with a state approved archeologist to perform the survey and to consult with the 
DAHP and affected Tribes.  The archeologist’s report will include survey findings as well 
as any recommended mitigations such as construction monitoring. 
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REGULATORY REQUIREMENTS FOR SHORELINE PERMITTING IN THE 
STATE OF WASHINGTON 
 
The Shoreline Management Program manages shorelines through planning for and 
supporting all reasonable and appropriate uses of shoreline areas.  The Washington State 
Shoreline Management Act of 1971 (SMA) defines shorelines as including the following: 
 

 Lakes of 20 acres or greater, including reservoirs, 
 Streams with a mean annual flow greater than 20 cubic feet per second, 
 Marine waters, 
 Areas within 200 feet landward of surface waters described above, 
 Marshes, bogs, swamps, and river deltas associated with the surface 

waters described above. 
 
Shoreline permits are required from the local jurisdiction for any sizable development or 
activity within the shoreline area.  The City administers the local shoreline master 
program inside of the City limits.  A Shoreline permit will not be required because the 
WWTF is greater than 200 feet from Soap Lake. 
 
REGULATORY REQUIREMENTS FOR STORMWATER PERMITTING IN 
THE STATE OF WASHINGTON 
 
As part of the Federal Clean Water Act, the Department of Ecology administers 
stormwater permitting for the State of Washington.  Stormwater is considered a point 
source of water pollution and therefore an NPDES permit is required.  The State of 
Washington has developed a General Permit for construction stormwater. 
 
Stormwater permit coverage is required if the project disturbs more than one acre of land 
and if there is the possibility that stormwater runoff can enter waters of the state or 
conveyance systems that convey stormwater to waters of the state. 
 
It is unknown if the construction of the WWTF improvements will disturb more than one-
acre of land since the scope of the improvements does not include multiple large 
excavations.  A determination of approximate ground disturbance will be made during 
project design.  If it is determined that a construction stormwater permit is necessary, a 
permit will be obtained for the project.  Due to the lengthy process for permit approval, it 
is anticipated that the City will initially apply for and obtain the permit prior to 
construction and transfer ownership to the Contractor. 
 
SOAP LAKE CITY CODES 
 
The WWTF and pump stations are within the City limits.  The City will require the 
following permits for any improvements: 

 
 Building Permit (applied for by the City prior to construction, paid for by 

the Contractor) 
 Plumbing Permit (obtained/paid for by the Contractor during construction) 
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 Electrical Permit (through Labor & Industries) (obtained/paid for by the 
Contractor during construction) 

 
REGULATORY SUMMARY 
 
A summary of the regulatory requirements for improvements to the WWTF and 
collection system is presented in Table 3-3. 

 
TABLE 3-3 

 
Summary of Regulatory Requirements 

 
Permit/Report Agency  Comments 
SWD Permit Ecology Expires 2/28/2017 
Biosolids Permit Ecology Covered under General Permit. 

NEPA Federal Agency 
Will be completed if federal funding is 
anticipated in the future. 

SEPA City of Soap Lake Completed.  See Appendix B. 
SERP Ecology Partial Completion.  See Appendix B. (1) 
Cultural /Archeological Survey DAHP Will be completed by City during design. 
Shoreline Permit City of Soap Lake Not required 

Construction Stormwater Permit Ecology  

Applied for by the City during design if 
greater than 1 acre is disturbed, 
transferred to the Contractor prior to the 
start of construction. 

Building Permit, Electrical 
Permit, Plumbing Permit 

City of Soap Lake
Applied for by the City during design, 
obtained and paid for by the Contractor 
prior to construction activities. 

(1) Includes SEPA, biological assessment, and federal cross cutters.  The cross cutters will be 
completed during design if necessary. 
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CHAPTER 4 
 

WASTEWATER FLOWS AND LOADINGS 
 

INTRODUCTION 
 
This chapter provides information on existing hydraulic, organic, and solids loadings to 
the City’s existing WWTF, and presents projections of future flows and loadings through 
the 20-year planning period (2031).  Quantifying the existing loading to the WWTF is 
necessary to determine the level at which the existing wastewater treatment processes are 
operating relative to their current capacities, and to project performance under future 
flows and loadings. 

Future flows and loadings will be used to design upgrades to the WWTF that will be 
required to meet the demands of future growth and regulatory requirements. 
 

HISTORICAL WASTEWATER FLOWS 
 
The City does not have an accurate means of determining instantaneous influent 
wastewater flows since the influent is pumped into the facility from Lift Station No. 2 at 
Canna Street.  The lift station does not have a flow meter.  The flows at the WWTF are 
measured with an 8-inch effluent magnetic flow meter located in a vault upstream of the 
chlorine contact tank. 
 
Figure 4-1 shows the monthly average effluent flow for the years between 2005 and 
2009.  Data for 2010 and 2011 are not used in this analysis because the flow data was 
based on instantaneous flow readings, and therefore is not representative of average daily 
flows to the WWTF.  Figure 4-1 shows that winter flows appear to be generally higher, 
although that is not always the case.  Flow attenuation provided by the WWTF tanks may 
be a cause for the lack of a distinct seasonal pattern.  A summary of discharge monitoring 
report data is included in Appendix C. 
 
The City has indicated that during the period of June 2008 to September 2008, an unusual 
amount of groundwater infiltration into the sewer system occurred.  The City believes 
this was due to irrigation wells owned by Columbia Basin Irrigation not being used 
during the period, raising the groundwater table in the City.  Infiltration was therefore 
unusually high during the period.  Therefore the data for this period of time should not be 
taken into account because of the extenuating circumstances that caused the increased 
flow.  Therefore, the data is not used in this Report. 
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FIGURE 4-1 
 

Historical WWTF Monthly Average Effluent Flows (1) 
2005 – 2009 
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(1) Monthly effluent flows measured by the effluent flow meter at the WWTF. 

 
Historical wastewater flows are presented in Table 4-1 and are based on data from the 
WWTF’s discharge monitoring reports (DMRs) for the period 2005 to 2009.  As 
indicated on Figure 4-1, data for the period from June 2008 to September 2008 has been 
excluded since it is not representative of the City’s historical flow, as discussed above. 
 
Daily records are not available for the time period 2005-2009, as the City’s DMRs did 
not show daily flows.  Instead, the DMRs only show average monthly and average 
weekly values prior to 2010.  Starting in 2010, daily records have been kept and 
submitted in a more typical tabular daily format.  However, the records for 2010 and 
2011 are not representative of actual flows due to incorrect daily flow records, and are 
therefore not used. 
 
Since historical maximum day flow values were not available, a peaking factor has been 
used to estimate the maximum day flow for the period 2005-2009.  Maximum day flow is 
estimated as maximum month flow multiplied by 1.3.  This factor is consistent with other 
eastern Washington communities with more complete flow data, and therefore the 
estimate is considered reasonable for this Report. 
 

Data Not Used

Permit Limit

85% of Permit Limit
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TABLE 4-1 
 

Historical WWTF Effluent Flows 2005-2009 
 

 
Year 

AAF (1) 

(MGD) 
MMF (2) 

(MGD) 

Estimated 
MDF (3) 

(MGD) 
2005 0.20 0.24 0.31 
2006 0.22 0.24 0.31 
2007 0.18 0.23 0.29 
2008 (4) 0.18 0.23 0.30 
2009 0.18 0.19 0.25 

Average 0.19 - - 
Maximum - 0.24 0.31 

(1) AAF = Average Annual Flow, the average flow for the year. 
(2) MMF = Maximum Month Flow, the flow for the month with the highest average flow in 

a calendar year. 
(3) MDF = Maximum Day Flow, the flow for the day with the highest flow in a calendar 

year.  MDF is estimated as MMF * 1.3.  See discussion in text. 
(4) Data from June 2008 to September 2008 is not included.  See discussion in text. 

 
 

HISTORICAL LOADINGS 
 
The City’s DMRs contain historical data for WWTF influent biochemical oxygen 
demand (BOD5) concentration and total suspended solids (TSS) concentration, which 
will be utilized for projecting future loading to the WWTF.  Annual summaries of the 
loading data are included in Table 4-2.  Additional DMR data are included in  
Appendix C. 
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TABLE 4-2 
 

Historical WWTF Influent Loading 2005-2009 
 

 
Year 

Avg. Ann. 
BOD5

 

(lb/d) (1) 

Max. Mo. 
BOD5

 

(lb/d) (2) 

Avg. Ann. 
TSS 

(lb/d) (1) 

Max. Mo. 
TSS 

(lb/d) (2) 
2005 291 340 252 319 
2006 336 476 301 485 
2007 252 385 233 297 

    2008 (3) 267 337 248 316 
2009 282 459 214 257 

Average 286 - 250 - 
Maximum - 476 - 485 

(1) Average annual values were calculated from the average of twelve average month 
values.  The average month value for a given month is equal to Average Flow 
(MGD) * Average Concentration (mg/L) * 8.34. 

(2) Maximum month values are equal to the maximum average month value for the 
year, using a similar calculation as for (1). 

(3) Data from June 2008 to September 2008 is not included. 
 
Figure 4-2 presents the average monthly BOD5 and TSS loadings for the period of 
January 2005 to December 2009.  As would be expected of a municipal community with 
few seasonal water users, the City’s loadings do not exhibit significant seasonal patterns.  
Although the City has summer tourism, it does not appear that loadings are consistently 
higher during the summer.  Figure 4-2 also shows the elevated June 2008 to September 
2008 data which is not used due to non-representative conditions. 
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FIGURE 4-2 
 

Historical Influent WWTF Monthly Average BOD5 and TSS Loading 
2005 – 2009 
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INFILTRATION AND INFLOW (I/I) 
 
I/I consists of relatively clean ground, surface, or storm water that does not require 
treatment to the same levels that domestic sewage does.  The inclusion of this relatively 
clean water with the domestic wastewater flows can produce the following detrimental 
effects: 
 

 WWTF impacts including hydraulic overloading, reduced treatment 
efficiency, reduced capacity, and violation of the State Waste Discharge 
Permit 

 Additional costs for treating, transporting, and pumping the increased flow 
 Increased flows within the collection system, creating the need to 

construct additional sewer facilities or upgrade existing facilities 
 Surcharged manholes, sewage overflow, and bypasses to the environment 

in extreme cases 
 
For these reasons it is advantageous for municipalities to minimize the amount of I/I 
within their systems.  Figure 4-3 presents a diagram of typical I/I sources in a collection 
system. 

Data Not UsedBOD5 Rated Capacity 

TSS Rated Capacity 



Gray & Osborne, Inc., Consulting Engineers 

4-6  City of Soap Lake 
January 2013   Engineering Report 

DEFINITION OF INFILTRATION 
 
Infiltration is defined as ground water entering a sewer system by means of defective or 
deteriorated pipes and side sewers, pipe joints, and manhole walls.  The infiltration rate is 
relatively constant day to day, although it may vary seasonally if the local ground water 
elevation fluctuates.  Infiltration can be a constant problem, increasing daily operations 
costs for the collection and conveyance systems. 
 
DEFINITION OF INFLOW 
 
Inflow is defined as surface water or runoff that enters the collection system through 
constructed openings such as manhole covers, cross-connections with storm sewers and 
combined sewers or direct connections such as yard, basement, or roof drains.  Inflow is 
directly related to rainfall or flooding events and results in an immediate increase in 
sewage flows following the event.  Inflow is an intermittent problem, causing an increase 
in sewage flows following the triggering event. 
 
I/I FLOW CRITERIA 
 
The United States Environmental Protection Agency (EPA) has determined specific 
quantitative guidelines for excessive I/I, as follows: 
 

1. To determine if excessive infiltration is occurring, a threshold value of 
120 gallons per capita per day (gpcd) is used.  This threshold infiltration 
value is based on an average daily flow over a seven to fourteen day non-
rainfall period during seasonal high groundwater conditions.  In Soap 
Lake, high groundwater conditions occur in the spring (approximately 
March through May).  At a population of 1,537, an average daily flow of 
0.18 MGD would be required to exceed the EPA criteria. 

 
 As indicated previously, the City does not have historical daily data to 

compare to rainfall data, however the City’s average monthly flows during 
the summer months when rainfall is historically low have been less than 
0.18 MGD.  During the winter months, the City’s historic flows have 
exceeded 0.18 MGD the majority of the time, and it is possible that flows 
exceeded 0.18 MGD during non-rainfall periods.  However, due to the 
lack of historical daily flow measurement data, a determination cannot be 
definitively made as to whether the City exceeds this criterion or not.  

 
2. To determine if excessive inflow is present in a collection system, the EPA 

uses a threshold value of 275 gpcd.  If the average daily flow (excluding 
major commercial and industrial flows greater than 50,000 gpd each) 
during periods of significant rainfall exceeds 275 gpcd, the amount of 
inflow is considered excessive. 
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 The maximum day flow for the period 2005-2009 was estimated to be 
0.31 MGD using a peaking factor of 1.3 as determined above, which 
would be equal to 202 gpcd.  At a population of 1,537, a maximum day 
flow of 0.42 MGD would be required to exceed the EPA criteria.  This 
flow is equal to the rated capacity of the facility, and it is assumed that if 
the City had experienced storm events resulting in flows that met the rated 
capacity of the facility, the City would be aware of such events.  However, 
City staff has no recollection of an event of that magnitude, and do not 
believe flows have been substantially greater during storm events in recent 
years.  As a result, it is concluded that Soap Lake does not have excessive 
inflow. 

 
GROUNDWATER IMPACT ON WWTF FLOW 
 
Due to the proximity of the City’s collection system and WWTF to Soap Lake, it is 
prudent to analyze groundwater levels and identify a relationship between groundwater 
levels and influent flow at the WWTF.  Weekly groundwater measurements are collected 
by the USBR in 37 locations surrounding Soap Lake, and it was determined that based 
upon location of the monitoring points and a visual correlation between groundwater 
level and WWTF influent flow, Monitoring Station 19L4 appears to show a possible 
correlation to WWTF flow.  Monitoring Station 19L4 is located near Lift Station No. 2.  
Figure 4-4 shows the average groundwater level in Monitoring Station 19L4 for the 
period 2005-2009 compared with WWTF flow. 
 

FIGURE 4-4 
 

Historical Groundwater Level at Monitoring Station 19L4 and WWTF Flow 
2005 – 2009 
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Upon closer inspection, it appears that the groundwater level at Monitoring Station 19L4 
followed approximately the same seasonal pattern for the period 2005-2009, while 
influent flow to the WWTF did not.  Therefore, although the WWTF has been known to 
experience greater flows during periods of elevated groundwater level, a numerical 
correlation between groundwater level and flow to the WWTF cannot be identified at this 
time. 
 
DETERMINATION OF I/I QUANTITIES 
 
Although the City does not have excessive I/I, it is important to estimate the quantity of 
I/I in the system to more accurately project future flows and loadings.  To determine the 
quantity of I/I in the Soap Lake collection system, the City’s base sanitary flow is used.  
The base sanitary flow is anticipated to be relatively constant throughout the year, 
although it may be higher in the summer due to tourism. 
 
The base sanitary flow for a community is typically determined through customer water 
records.  Although Soap Lake is not convinced that its consumption water records are 
accurate, estimates can be made using production records.  Water production data can 
often be used as a surrogate to base sanitary wastewater flow because the majority of 
winter water use in small communities without industry will enter the wastewater 
collection system.  Since Soap Lake does not have a separate irrigation system and 
potable water is used for summer irrigation, only winter water use will be considered for 
determination of base sanitary flows.  A conservative estimate will be made that 90 
percent of the residential winter water production is assumed to end up as influent to the 
WWTF. 
 
Residential winter water production data was analyzed for the period 2008 to 2010, as 
this was the data analyzed in the 2011 Water System Plan.  Winter residential water 
production for the period was approximately 150,000 gpd or 98 gallons per capita per day 
(gpcd) (150,000 gpd / 1,537 water system customer population).  An assumption of 10 
percent leakage is made, which is consistent with the City’s data and municipal water 
systems in the State.  Therefore, actual water consumption is estimated to be 89.1 gpcd 
(98 gpcd / 1.1), and baseline sanitary flow is 80 gpcd (89.1 * 0.9).  Multiplying the 
current Soap Lake population, which is all connected to the sewer, by 80 gpcd results in a 
baseline sanitary flow of 0.12 MGD. 
 
To quantify I/I, DMR data was reviewed for the period 2005-2009.  Using this DMR 
information and the base flow of 0.12 MGD enables the calculation of I/I quantity on an 
annual average, maximum monthly, maximum day, and peak hour basis.  On an annual 
average basis the flow to the WWTF for the period was 0.19 MGD.  Subtracting the base 
flow of 0.12 MGD results in an annual average I/I of 0.07 MGD.  Similar calculations 
were performed for maximum monthly and maximum daily I/I, and the results are 
presented in Table 4-3.  Peak hour I/I is calculated differently and is explained below. 
 
The projected peak hour I/I cannot be based on just the base sanitary flow (0.12 MGD) 
because the short duration of the peak I/I flow (60 minutes) could theoretically occur 



Gray & Osborne, Inc., Consulting Engineers 
 

City of Soap Lake  4-9 
Engineering Report  January 2013 

during the same time as the diurnal peak base sanitary flow.  Therefore, the base sanitary 
flow is multiplied by a diurnal peaking factor prior to subtracting from the peak hour 
flow to determine the peak hour I/I.  As identified in Table 4-3, the peak hour flow is 
assumed to be equal to the output of one pump at Lift Station No. 2 (0.67 MGD).  This is 
a conservative estimate, as in the City’s experience, Lift Station No. 2 operates for longer 
periods during the highest flow periods, but does not operate continuously. 
 
The Department of Ecology Criteria for Sewage Works Design provides a formula to 
estimate the diurnal peaking factor: 
 

PF = 
P

P




4

18
 

 
Where PF is the diurnal peaking factor (the ratio of daily peak hour flow to average 
annual flow), and P is the population in thousands.  The average population of 1,537 
results in a diurnal peaking factor of 3.7.  Therefore, the peak hour I/I is 0.23 MGD  
(0.67 MGD – (0.12 MGD)*3.7).  
 
Table 4-3 is a summary of I/I quantities based on the above analysis. 
 

TABLE 4-3 
 

I/I Summary 
 

Parameter Average Flow 
Maximum 

Month Flow 
Max Day Flow 

Peak Hour 
Flow 

WWTF Flow, MGD (1) 0.19 0.24 0.31 0.67 (8) 
Base Flow, MGD (2) 0.12 0.12 0.12 0.44 (9) 

I/I, MGD (3) 0.07 0.12 0.19 0.23 (10) 
I/I Ratio (4) --- 1.7 2.7 3.3 

I/I per Acre, gpd (5) 87 149 237 286 
I/I per Capita, gpd (6) 46 78 124 150 

I/I % (7) 29% 50% 79% 96% 
(1) Flow for the years 2005-2009. 
(2) Base sanitary flow =80 gpcd * current population. 
(3) I/I = WWTF Flow – Base Flow. 
(4) I/I Ratio = MMF:AAF; MDF: AAF; PHF:AAF. 
(5) I/I per Acre = I/I / total existing sewered acres 803. 
(6) I/I per Capita = I/I / current population.  
(7) I/I % =I/I / max month WWTF flow * 100% 
(8) PHF = Output of one pump at Lift Station No. 2 (465 gpm) 
(9) PHF Base = 0.12 MGD * 3.7. 
(10) PHF I/I = WWTF Peak Flow-PHF Base Flow 
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PROJECTED WASTEWATER FLOWS AND LOADINGS 
 
Projected wastewater flows and loadings for the design year 2031 are based on historical 
flows and loadings on a per capita basis and the population growth projections developed 
in Chapter 2. 
 
AVERAGE ANNUAL FLOW (AAF) 
 
Average annual flow (AAF) is the average flow over a one-year period.  This flow rate is 
used to estimate annual operation and maintenance costs for collection system and 
treatment facilities and is the basis for developing flow ratios used in collection and 
treatment system designs.   
 
The following is the basic formula that will be used to determine the future annual 
average design flow to the WWTF: 
 

Projected Flow = (Population * Base Sanitary Flow) + Annual Average I/I. 
 
As shown in Table 2-2, the projected 2031 population is 2,069.  Using this future 
population and the base flow of 80 gpcd, a future annual average design base sanitary 
flow of 0.17 MGD is projected. 
 
As shown in Table 4-3, the existing annual average I/I per acre is estimated at 87 gpad for 
a service area of 803 acres, based on the estimated existing annual average I/I of 0.07 
MGD.  It is assumed that this amount of I/I from the existing sewer service area will 
remain constant in the future.  It is also assumed that future annual average I/I for areas 
with new sewers will be approximately 50 percent of the existing I/I, or 44 gpad, since 
the new sewer materials and methods of construction should significantly reduce I/I.  
Based on the City’s urban growth area, the future area of development is approximately 
360 acres.  At 44 gpad and 360 acres, the future service area annual average I/I is 
projected to be 0.02 MGD.  Therefore, projected future I/I is estimated as the existing and 
future service area annual average I/I and is 0.09 MGD (0.07 MGD + 0.02 MGD). 
 
The total projected annual average flow for the year 2031 is therefore estimated to be 
0.26 MGD (0.17 MGD + 0.09 MGD). 
 
MAXIMUM MONTH FLOW (MMF) 
 
The maximum month flow (MMF) is defined as the greatest single average monthly flow 
during the year.  The individual average monthly flows and maximum daily flows for the 
previous five years are shown in Table 4-1.  The maximum month flow is used to size 
most of the unit processes in a wastewater treatment facility, and is used as the critical 
flow in determining effluent limits for toxic substances (e.g. nitrates, chlorine, and heavy 
metals) on the basis of chronic toxicity for a groundwater discharge.  The maximum 
month flow is used by Ecology to establish the “permitted capacity” for the wastewater 
treatment facility.  The permitted capacity is used to determine when 85 percent of the 
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facility’s capacity has been reached, at which time Ecology requires the permittee to 
develop a formal plan to maintain adequate capacity. 
 
The formula that will be used for projecting future maximum month flows is different 
than shown above for annual average flows.  The future maximum month I/I component 
is calculated based on the ratio between the existing maximum month I/I flow and the 
existing average I/I flow as shown in Table 4-3.  For the maximum month I/I flow, this 
ratio is 1.7.  As calculated above, the projected annual average I/I is 0.09 MGD; 
therefore, using a ratio of 1.7 for maximum month results in a projected maximum month 
I/I of 0.15 MGD.  The total projected maximum month flow for the year 2031 is 
calculated by adding the base sanitary annual average flow of 0.17 MGD to the projected 
maximum month I/I of 0.15 MGD, resulting in a total projected maximum month flow of 
0.32 MGD. 
 
MAXIMUM DAILY FLOW (MDF) 
 
Maximum daily flow (MDF) is defined as the largest total flow over a 24-hour period 
occurring in a single year.  The MDF is used to size processes that are affected by diurnal 
flow curves for proper performance (e.g. RAS pumps and equalization basins). 
 
The formula that will be used for calculating maximum daily flow is similar to the 
formula used for the maximum month flow.  The ratio of maximum daily I/I to annual 
average I/I is 2.7, resulting in a projected maximum daily I/I of 0.24 MGD (0.09 MGD * 
2.7). 
 
The total projected maximum daily flow for the year 2031 is estimated by adding the 
projected base sanitary annual average flow of 0.17 MGD to the projected maximum day 
I/I of 0.24 MGD, resulting in a total projected maximum daily flow of 0.41 MGD. 
 
PEAK HOUR FLOW 
 
Peak hour flow (PHF) is the peak sustained flow rate occurring during a one-hour period 
in a single year.  The peak hour flow is used for design of collection and interceptor 
sewers, pumping stations, piping, flow meters, and certain unit treatment processes such 
as grit chambers, disinfection systems, and sedimentation tanks. 
 
Because the entire flow to the WWTF is pumped from Lift Station No. 2, the peak flow 
to the facility will be equal to the discharge capacity of Lift Station No. 2, assuming it is 
less than the calculated PHF. 
 
The formula for calculating peak hour flow is similar to the formula used for maximum 
month flow.  The ratio of peak hour I/I to annual average I/I per Table 4-3 is 3.3, 
resulting in a projected peak hour I/I of 0.30 MGD (0.09 MGD * 3.3). 
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As previously explained, the diurnal peaking factor is used to calculate the base sanitary 
peak hour flow.  Using the diurnal peaking factor of 3.7 and a base sanitary flow of 0.17 
MGD results in a projected base sanitary peak hour flow of 0.63 MGD. 
 
The total projected peak hour flow for the year 2031 is estimated by adding the projected 
base sanitary peak hour flow of 0.63 MGD to the projected peak hour I/I of 0.30 MGD, 
resulting in a total projected peak hour flow of 0.93 MGD. 
 
The capacity of Lift Station No. 2 is 465 gpm with one pump running and the other in 
standby, or 0.67 MGD.  Therefore, since the projected PHF is equal to 0.93 MGD, Lift 
Station No. 2 will require an upgrade or replacement in the future. 
 
BOD5 LOADING 
 
The BOD5 loading represents the number of pounds per day of oxygen-demanding 
material that enters the WWTF.  BOD5 loadings are used to design and size the WWTF 
biological treatment processes (i.e. oxidation ditch) and BOD5 loadings are used by 
Ecology to establish the “permitted capacity” for the WWTF.  The permitted capacity is 
used to determine when 85 percent of the WWTF capacity has been reached, at which 
time Ecology requires the permittee to develop a formal plan to maintain adequate 
capacity.   
 
Because the permitted capacity applies to the maximum month, maximum month 
loadings are analyzed for design purposes.  Annual average loading is also calculated and 
is important for determining biosolids production.  WWTF loading for the five years 
from 2005 to 2009 is shown in Table 4-2.  Since the OFM population estimates for the 
period were significantly different than the 2010 census population because they 
consisted of projections from the 2000 census data, the 2010 census population will be 
used for determining per capita loading.   
 
Between 2005 and 2009, the annual average BOD5 loading rate at the WWTF was 286 
lb/d.  Dividing by the 2010 census population (1,537) results in a BOD5 loading of 0.19 
pounds per capita day (ppcd).  Multiplying 0.19 ppcd by the 2031 design population of 
2,069 results in an annual average BOD5 loading rate of 392 lb/d. 
 
Between 2005 and 2009, the maximum month BOD5 loading rate at the WWTF was 476 
lb/d, which occurred in March 2006.  Dividing by the 2010 census population (1,537) 
results in a BOD5 loading of 0.31 pounds per capita day (ppcd), which is higher than 
many other communities in eastern Washington.  Because tourism is a significant 
industry for the City, it is possible that the high maximum month BOD5 loading rate is 
the result of BOD5 loading that is independent of the actual population of the City.   
 
For this Report, it is assumed that the per capita loading rate of 0.31 ppcd is a reasonable 
value, and it will be used for projecting future flows and loadings.  Multiplying 0.31 ppcd 
by the 2031 design population of 2,069 results in a maximum month BOD5 loading rate 
of 641 lb/d. 
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TSS LOADING 
 
The TSS loading rate represents the number of pounds per day of suspended material that 
enters the WWTF.  TSS loadings are used to design the size of biological treatment 
processes.  In municipal wastewater, BOD5 and TSS loadings are typically of similar 
magnitude.  TSS loadings are used by Ecology to establish the “permitted capacity” for 
the WWTF.  The permitted capacity is used to determine when 85 percent of the WWTF 
capacity has been reached, at which time Ecology requires the permittee to develop a 
formal plan to maintain adequate capacity.  Because the permitted capacity applies to the 
maximum month, maximum month loadings are analyzed for design purposes.  WWTF 
loading for the five years from 2005 to 2009 is shown in Table 4-2.  Since the OFM 
population estimates for the period were significantly different than the 2010 census 
population, the census population will be used for determining per capita loading.   
 
Between 2005 and 2009, the annual average TSS loading rate at the WWTF was 250 lb/d.  
Dividing by the 2010 census population (1,537) results in a TSS loading of 0.16 pounds 
per capita day (ppcd).  Multiplying 0.16 ppcd by the 2031 design population of 2,067 
results in an annual average TSS loading rate of 331 lb/d. 
 
Between 2005 and 2009, the maximum month TSS loading rate at the WWTF was 485 
lb/d, which occurred in April 2006.  Dividing by the 2010 census population (1,537) 
results in a TSS loading of 0.32 pounds per capita day (ppcd), which is consistent with 
the BOD5 projection.  Multiplying 0.32 ppcd by the 2031 design population of 2,067 
results in a maximum month TSS loading rate of 661 lb/d. 
 
NITROGEN LOADING 
 
Total nitrogen is comprised of organic nitrogen, ammonia, nitrite, and nitrate.  Organic 
nitrogen is determined by the Kjeldahl method.  Total Kjeldahl nitrogen (TKN) is the 
total of the organic and ammonia nitrogen.  TKN loadings are used to design and size the 
nitrogen removal processes at the WWTF. 
 
As discussed in the City’s State Waste Discharge Permit, the City’s effluent total nitrogen 
limit is the controlling factor in the facility design.  Therefore, the City is required to 
report effluent TKN, nitrate, and ammonia concentrations.  However, influent loadings 
are not regularly recorded.  During the development of this Report, the City collected 24-
hour composite samples for influent TKN eight times between November 2011 and 
February 2012.  The sample TKN concentrations varied from 30.6 mg/L to 39.0 mg/L. 
 
To determine an annual average TKN loading, it is assumed that the average TKN 
concentration of 35.0 mg/L is representative of typical influent TKN concentration.  
Because the City’s daily flows during the sampling period are not known, TKN loadings 
associated with each sample cannot be determined.  Because I/I is anticipated to be 
different at various times of the year, it is likely that TKN concentration is variable 
throughout the year due to dilution.  The TKN samples were collected during the winter, 
therefore the AAF during winter months of 0.20 MGD is used to calculate an average 
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month TKN loading of 58 lb/d (35.0 mg/L * 0.20 MGD * 8.345).  Dividing this value by 
the 2010 census population (1,537) and multiplying by the 2031 design population 
(2,067) results in a projected annual average TKN loading rate of 78 lb/d. 
 
Since the City’s samples were all collected in a three month period of time that occurred 
entirely in the winter of 2011/2012, it is not likely that the maximum month TKN 
concentration during the sampling period (37.5 mg/L in January 2012) represents a 
maximum month TKN condition that is conservative enough for projecting future TKN 
loading.  Instead, it is assumed that TKN loading is somewhat proportional to BOD5 
loading, and the ratio of maximum month BOD5 loading (641 lb/d) to average annual 
BOD5 (392 lb/d) can be used to estimate the existing maximum month TKN loading.  
Multiplying the projected annual average TKN loading by 1.64 (641 lb/d 392 lb/d) 
results in a projected maximum month TKN loading rate of 127 lb/d (78 lb/d * 1.64). 
 
Typical domestic wastewaters have a 5:1 BOD5:TKN ratio.  The estimated BOD5:TKN 
ratio for the Soap Lake wastewater using the method above is 5.0:1. 
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SUMMARY OF PROJECTED WASTEWATER FLOWS 
AND LOADINGS 
 
A summary of the existing WWTF design criteria and the projected design criteria for the 
City of Soap Lake for the year 2031 is presented in Table 4-4.  The existing design 
criteria were obtained from the City’s State Waste Discharge permit.  

 
TABLE 4-4 

 
Existing, Projected, and Permitted Wastewater Flows and Loadings 

 

Flow Criteria 

Existing State 
Waste Discharge 

Permit Design 
Criteria (1) 

Projected 
Design Criteria 

(2031) 

Average Annual Flow (MGD) NI(2) 0.26 
Maximum Month Flow (MGD) 0.30 0.32 
Maximum Day Flow (MGD) 0.42 0.41 
Peak Hour Flow (MGD) NI(2) 0.93 

Loading Criteria 

Existing State 
Waste Discharge 
Design Criteria 

(1) 

Projected 
Design Criteria 

(2031) 

Annual Average BOD5 Loading (lb/d) NI(2) 392 
Maximum Month BOD5 Loading (lb/d) 517 641 
Annual Average TSS Loading (lb/d) NI(2) 331 
Maximum Month TSS Loading (lb/d) 465 661 
Average Annual TKN Loading (lb/d) NI(2) 78 
Maximum Month TKN Loading (lb/d) NI(2) 127 
Design Population 2,586 2,067 

(1) From the City’s State Waste Discharge Permit Fact Sheet.  Maximum month values 
shown in State Waste Discharge Permit area actually average annual design values.  See 
discussion in text. 

(2) NI = Not Indicated. 
 

Table 4-4 appears to indicate that the projected loading for a population of 2,067 will be 
higher than the previously projected loading for a population of 2,586.  However, the 
maximum month BOD5 loading and maximum month TSS loading criteria contained in 
the State Waste Discharge Permit Fact Sheet are based upon the flow and loading 
projections summarized in Table 5 of the 1998 Engineering Report.  Examination of the 
historical data used in the Engineering Report clearly indicates that the values used as 
maximum month loading criteria are average annual values, not maximum month values.  
Therefore, the maximum month criteria in the City’s State Waste Discharge permit 
should be compared to the projected annual average values.  This comparison shows that 
for the projected design population, the projected annual average design criteria represent 
a similar per capita loading as the criteria in the permit.  
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Further examination of the data used in the Engineering Report analysis indicates that the 
City has historically experienced TSS and BOD5 loadings per capita of over 0.30 ppcd on 
a maximum month basis, and therefore the projected design criteria in Table 4-4 are 
reasonable and consistent with previous planning efforts. 



CHAPTER 5 
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CHAPTER 5 
 

WWTF EVALUATION 
 
GENERAL 
 
The purpose of this chapter is to evaluate the existing WWTF with respect to capacity, 
reliability and redundancy, and to identify improvements to the WWTF to accommodate 
the design criteria as outlined in Chapter 4. 
 
The City of Soap Lake owns and operates the wastewater treatment facilities that serve 
the sewer service area.  The liquid treatment facilities include a grinder, oxidation ditch, 
secondary clarifiers, chlorine contact tank, and rapid infiltration basins.  The solids 
treatment facilities include an aerobic digester, sludge drying beds, and a sludge storage 
slab. 
 
PROJECTED WASTEWATER FLOWS AND LOADINGS 
 
The wastewater treatment process units will be evaluated in this chapter based on the 
projected flows and loadings developed in Chapter 4.  Table 5-1 provides a summary of 
the projected design flows and loadings for the year 2031. 
 

TABLE 5-1 
 

Projected Wastewater Flows and Loadings (1) 

 

Flow Criteria 
Projected 

Design Criteria 
Average Annual Flow (MGD) 0.26 
Maximum Month Flow (MGD) 0.32 
Maximum Day Flow (MGD) 0.41 
Peak Hour Flow (MGD) 0.93 

Loading Criteria 
Projected 

Design Criteria 
Annual Average BOD5 Loading (lb/d) 392 
Maximum Month BOD5 Loading (lb/d) 641 
Annual Average TSS Loading (lb/d) 331 
Maximum Month TSS Loading (lb/d) 661 
Average Annual TKN Loading (lb/d) 78 
Maximum Month TKN Loading (lb/d) 127 
Design Population 2,067 

(1) From Table 4-4 
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FUTURE PERMIT LIMITS 
 
The City’s current State Waste Discharge Permit (Permit) was issued in 2012 and will 
expire in 2017.  At present, the Permit limits for BOD5 and TSS are technology-based 
limits.  The Permit contains a water quality-based limit for total nitrogen. 
 
Because the Permit was issued during the development of this Report, it is assumed that 
the current Permit limits are representative of Ecology’s limits for the facility in the 
foreseeable future.  Specifically, the Permit does not include effluent Permit limits for 
pH, fecal coliform, or phosphorus. 
 
Historically, the Permit has included technology-based effluent limits for pH, but the 
limits were removed in the current Permit due to a history of compliance and a consistent 
effluent pH. 
 
The City has not had an effluent fecal coliform limit since the installation of the rapid 
infiltration basins and subsequent removal of the sprayfields from service.  The City 
installed groundwater monitoring wells concurrently with the construction of the rapid 
infiltration basins, and the results of that monitoring have not resulted in the addition of 
fecal coliform limits in the recently issued Permit.  As addressed in Chapter 3, Ecology is 
still in the process of determining the background ground water quality in the vicinity of 
the WWTF, and therefore has not made a determination regarding the need for 
disinfection.  For purposes of this Report, it is assumed that effluent disinfection will not 
be required in the future.  
 
The City was required to sample for phosphorus in the previous Permit, but is no longer 
required to do so because “the facility has collected sufficient data to characterize the 
effluent for that parameter”.  Though new permits for additional constituents are not 
expected, in October 2008, Ecology received funding from the EPA to conduct an 
evaluation of nutrient removal technologies at municipal WWTFs across the State of 
Washington.  The EPA-funded study is being prepared to identify the technical and 
economic issues related to the removal of nitrogen and phosphorus.  Ecology permit 
managers are encouraging all permit holders to consider nutrient removal as part of the 
planning process. 
 
At this time, effluent phosphorus limits are not anticipated for many years.  WAC 173-
200-040 does not currently contain groundwater quality criteria for phosphorus, although 
that may change in the future.  For purposes of this report, it is assumed that phosphorus 
removal will not be required during the 20-year period evaluated in this Report. 
 
With respect to nutrient removal, the major nutrient of concern for the City is likely to be 
effluent nitrogen (ammonia, nitrate, and nitrite).  Nitrogen levels in excess of the 
recommended ground water quality standards may degrade a potential future drinking 
water source.  Ammonia is removed from wastewater by biological nitrification, which 



Gray & Osborne, Inc., Consulting Engineers 

City of Soap Lake  5-3 
Engineering Report  January 2013 

converts ammonia to nitrate in a two step process utilizing oxygen.  Nitrate can then be 
converted to nitrogen gas through biological denitrification in the WWTF, which results 
in nitrogen removal.  Due to the City’s effluent nitrogen limit, denitrification is required. 
 
Based on current Permit limits and the projected flow developed in Chapter 4, the future 
Permit effluent limits are predicted to be as shown in Table 5-2. 
 

TABLE 5-2 
 

Projected State Waste Discharge Permit Effluent Limits 
 

Parameter Average Monthly (1) Average Weekly 
Flow 0.32 MGD N/A 
Biochemical Oxygen 
Demand (5-day)  

30 mg/L, 80 lb/d 
85% Removal  

45 mg/L, 120 lb/d 
85% Removal 

Total Suspended Solids  
30 mg/L, 80 lb/d 

85% Removal  
45 mg/L, 120 lb/d 

85% Removal 
Total Nitrogen (2) 10 mg/L N/A 
(1) The average monthly effluent concentration for BOD5 and TSS shall not exceed 30 

mg/L or 15 percent of the respective monthly average influent concentrations, 
whichever is more stringent. 

(2) Total nitrogen is defined as the sum of TKN plus nitrate and nitrite. 
 
Table 5-2 shows that the average monthly flow rate limit is projected to increase to 0.32 
MGD in the future.  The projected average monthly limits for effluent BOD5 and TSS are 
a concentration of 30 mg/L or 85% removal of influent load, whichever is more stringent.  
At the projected maximum month flow of 0.32 MGD and influent loadings of 641 lb/d 
BOD5 and 661 lb/d TSS, 85% removal is less stringent for both BOD5 and TSS.  This is 
because 15% of the projected maximum month influent BOD5 and TSS loadings (85% 
removal) equal 96 lb/d and 99 lb/d, respectively, but a flow of 0.32 MGD with a BOD5 or 
TSS concentration of 30 mg/L results in a discharge of 80 lb/d of each constituent.  
 
EXISTING OPERATION 
 
Raw wastewater is pumped from Lift Station No. 2 to the WWTF.  The wastewater enters 
the elevated headworks structure first, where a grinder conditions the influent to reduce 
the size of the solids in the sewage.  At the headworks, a timed automated sampler 
collects composite wastewater samples for laboratory analysis of the influent.  The flow 
then travels by gravity to the oxidation ditch. 
 
The oxidation ditch biologically converts the organic material in the wastewater into 
biological cells and metabolic end products.  Two cage rotors aerate the oxidation ditch. 
 
Flows from the oxidation ditch are conveyed to the secondary clarifiers.  The secondary 
clarifiers provide a quiescent environment where settleable secondary solids are removed 
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from the treated wastewater.  Flow enters along the circumference of the tank under a 
baffle and exits at the center of the tank by passing over a notched weir into a discharge 
launder. 
 
Secondary effluent passes through a chlorine contact tank prior to being pumped to the 
rapid infiltration basins, although no chlorination chemicals are currently used because 
disinfection is not required by the State Waste Discharge permit. 
 
The rapid infiltration basins consist of six earthen basins with soil conditions favorable to 
infiltration of treated wastewater.  The operators rotate flows to one of the six basins 
sequentially to allow the wastewater to percolate to groundwater without overloading the 
soils. 
 
The facility’s waste solids treatment process includes the pumping of waste activated 
sludge from the bottom of the clarifiers to an aerobic digester.  The digester consists of a 
lined earthen structure with floating aerators to provide oxygen for the aerobic 
destruction of biosolids.  Due to the arid environment, evaporation continuously reduces 
the volume of water in the digester. 
 
Twice per year, solids are removed from the digester and placed in sludge drying beds.  
The drying beds consist of shallow structures with a sand bottom for draining the 
digested sludge.  Perforated drain pipe in the beds further dewater the sludge while 
evaporation occurs.  Dried biosolids are stored on the solids storage slab and taken to the 
Boulder Park facility in Mansfield, WA for land application as Class B biosolids. 
 
An existing site plan is provided in Figures 5-1 and 5-2.  A hydraulic profile is provided 
in Figure 5-3. 
 
LIFT STATION NO. 2 
 
Lift Station No. 2 is a self-priming, above-ground Smith and Loveless style pump station 
which replaced a submersible pump station in 2009.  In the event of an emergency, the 
generator is automatically supplied with power from a generator located at Lift Station 
No. 1.  The lift station is equipped with a automatic dialer system that contacts City 
personnel with alarm notifications. 
 
The submersible pump station is still available for use in an emergency, and is rated for 
the same flow as the new pump station.  City staffs have indicated that there are no 
operational problems with Lift Station No. 2. 
 
As noted in the Criteria for Sewer Works Design, it is recommended that lift stations be 
designed to pump peak hour flow with the largest pump out of service.  The projected 20-
year peak hour flow of 0.93 MGD is equal to 646 gpm, therefore the pump station is 
undersized to meet this recommendation for the 20-year planning period, as each pump is 
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only rated for 465 gpm.  However, the City has a backup lift station to provide additional 
pumping if a Lift Station No. 2 pump is out of service during high flow.  Therefore, it is 
recommended that the City continue to exercise and maintain the backup lift station as an 
alternate approach to upsizing the Lift Station No. 2 to meet projected peak hour flows 
with a single pump. 
 
Design criteria for the lift station are provided in Table 5-3. 
 

TABLE 5-3 
 

Existing Lift Station No. 2 Design Criteria 
 

Parameter Lift Station No. 2 
Location Canna St. N 

Quantity of Pumps 2 
Pump Type Vacuum-primed centrifugal 

Capacity @ TDH, each 465 gpm @ 120 ft 
Motor 25 hp 

 
WASTEWATER TREATMENT FACILITIES 
 
GRINDER 
 
Process Description 
The grinder consists of a stationary, circular stainless steel screen and hardened stainless 
steel rotating cutter teeth driven by a small motor.  The flow passes through the screen 
and rotating cutter teeth.  The purpose of the grinder is to cut large solids into smaller 
solids to prevent accumulation of solids and plugging in downstream equipment.  Raw 
wastewater from the City’s sewer collection system is pumped from Lift Station No. 2 
into the concrete grinder structure.  The operator has not had any significant problems 
with the grinder, although the quantity of grease and oils in the City’s influent make the 
equipment difficult to clean. 
 
In 2007, WAC 173-308-205 was revised and states that all biosolids must be treated by a 
process such as physical screening or another method to significantly remove 
manufactured inerts prior to final disposition.  By July 1, 2012 biosolids that are land 
applied, sold, or given away must contain less than one percent by volume recognizable 
manufactured inerts.  Screening must employ openings of 3/8-inch or smaller in size. 
 
It is recommended that an influent mechanical screen with ¼-inch openings be installed 
as soon as possible to reduce the amount of debris in the wastewater, thereby reducing 
operational problems, and to comply with WAC 173-308-205.  The City was not able to 
meet the July 1, 2012 deadline, and the City’s oxidation ditch and aerobic digester 
contain shredded inerts at this time.  As a result, the City will most likely be required to 
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screen its biosolids prior to hauling them to Boulder Park until the quantity of inerts in 
the various structures at the WWTF has been adequately reduced.  The piping layout 
from the aerobic digester to the sludge drying beds is conducive to temporary screening 
of biosolids, but it is not recommended as a permanent solution due to the significant 
benefit realized by removing debris upstream of the treatment process. 
 
It is recommended that the grinder be removed from service once the screen is installed.  
The grinder structure is integral to the oxidation ditch structure, and therefore it is 
unlikely that the grinder structure will be demolished or otherwise removed.  It is also 
recommended that grit removal facilities be constructed, as the current process does not 
remove grit from the influent wastewater, thereby filling the oxidation ditch and aerobic 
digester with grit over time, reducing their capacities. 
 
Design criteria for the grinder are provided in Table 5-4. 
 

TABLE 5-4 
 

Existing Grinder Design Criteria 
 

Grinder 
Quantity 1
Manufacturer JWC
Model Muffin Monster 30005-

0018
Capacity 1.07 MGD
Motor Size 5 hp, 230V, 3-phase, 60 Hz

 
INFLUENT SAMPLER 
 
Process Description 
The influent sampler is located at the grinder structure.  The sampler is an automatic 
composite sampler that takes samples once per hour over a 24-hour period.  The sampler 
is not flow paced.  Due to the generally good condition of the unit, it is recommended 
that the sampler be kept as part of the WWTF upgrades; however modifications will be 
necessary to ensure the sampler is flow paced and, therefore, the samples are more 
representative. 
 
OXIDATION DITCH 
 
Process Description 
Effluent from the grinder flows by gravity to the oxidation ditch for biological treatment. 
 
The oxidation ditch is a large, elliptical, reinforced concrete tank, which serves as the 
aeration basin for the activated sludge process.  The liquid contents of the oxidation ditch 
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are referred to as the “mixed liquor”.  The mixed liquor is aerated, mixed, and propelled 
around the elliptical tank by two brush rotor aerators.  The organic waste provides the 
food source for the bacteria in the mixed liquor.  The aeration provides the oxygen 
required by the bacteria to assimilate and break down the organic waste.  The bacteria use 
the biodegradable organic waste material as a source of energy (through oxidation) and 
as a source of carbon for cell synthesis (to produce new bacterial cells).  The bacterial 
population is continually dying and being replaced by synthesis.  Ideally, the biological 
activities in the treatment process will be balanced so as to maintain an adequate 
biological population to process the available food supply. 
 
The rotational speed of the oxidation ditch rotors can be slowed with a VFD to reduce 
aeration while maintaining sufficient energy to provide mixing.  This rotor speed control 
allows for creation of anoxic periods or cycles, which provide for assimilation of influent 
BOD5 using nitrate (NO3), produced under the preceding aeration cycle, as a source of 
oxygen.  Since only non-filamentous bacteria are able to utilize nitrate in this manner, the 
anoxic cycle(s) also provide some degree of selection against filamentous bacterial 
growth.  By maximizing the amount of influent BOD5 consumed using nitrate, the 
periods of reduced rotor speed also provide improved total nitrogen removal and energy 
savings, since the rotor operation represents a significant portion of the facility’s energy 
use.  This removal of nitrogen is necessary because the City’s State Waste Discharge 
Permit contains an effluent total nitrogen limit. 
 
The oxidation ditch is equipped with an ORP control system capable of controlling the 
rotors to start and stop the anoxic cycle.  However, the City does not use the control 
system and operates the rotors based upon 24-hour timers.  The City has found that under 
existing conditions, this control method is adequate for meeting effluent total nitrogen 
limits. 
 
The City replaced the rotor bearings in 2008 and has not had any significant problems 
with the rotors since that time. 
 
Structural 
The concrete tank appears to be in good condition and should be sufficient for the 20-
year planning period.  However, it is possible that there is a leak in the northeast corner 
of the structure.  The operators have noticed the presence of green vegetation beyond the 
northeast corner of the ditch that only grows in that area.  The operators have suspicions 
that there are periods when high flows and rotor operation raise the water level in the 
ditch rapidly, nearly overtopping the wall at this corner especially.  Therefore, it is 
possible that the vegetation growth is a result of small, systematic wastewater spills at 
this location. 
 
It is recommended that the operators watch for spills and the City consider evaluating the 
structural integrity of the oxidation ditch at this location in the future if wastewater spills 
are observed or considered likely.  If there is evidence of spills, it is recommended that 
the structure’s wall be raised in this area. 
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Capacity 
Oxidation ditch capacity requirements are dependent on three major design criteria.  
These criteria are solids retention time (SRT), net heterotrophic and autotrophic yields, 
and design mixed liquor suspended solids (MLSS) concentration.  SRT is the criteria of 
greatest importance for nitrification.  The City’s State Waste Discharge Permit contains 
an effluent nitrogen limit, and therefore the WWTF is required to fully nitrify.  Also, at 
the typical longer SRT used to provide stable operation and reduce waste sludge 
production, the system will provide nitrification. 
 
The net specific growth rate of the nitrifying biomass is an order of magnitude lower than 
that of carbon oxidizing bacteria and is therefore used as the basis for determining the 
SRT of the aeration basin.  Also, the SRT used to calculate the required value for 
nitrification must be the aerobic SRT since nitrification only occurs under aerobic 
conditions.  Calculation of the required design SRT for the Soap Lake WWTF is 
provided below. 
 
SRT Calculation 
 
The first step in determining the required design SRT is to calculate the maximum 
specific nitrifier growth rate (n,m), decay rate (kdn), and ammonia half saturation 
coefficient (KN) using the following equations.  The winter design temperature of 8oC is 
based on the historical low monthly temperature recommended by Dr. David Stensel 
(University of Washington Civil Engineering Department) in the system modeling 
performed in the Wastewater Treatment Facilities Engineering Report (November 1998, 
Hammond Collier & Wade-Livingstone). 
 

n,m,8 = (n,m) x (t-20) = (0.75/d) x (1.0728-20) = 0.326/d 
 
kdn,8 = (kdn) x (t-20) = (0.08 mg/L) x (1.0298-20) = 0.057 mg/L 
 
KN,8 = (KN) x (t-20)  = (0.74 mg/L) x (1.0538-20) = 0.398 mg/L 

 
The numerical values for the various kinetic parameters above are typical for domestic 
wastewater. 
 
Presently the City is required by the State Waste Discharge Permit to meet an average 
monthly effluent nitrogen concentration of 10 mg/L; to be conservative and provide a 
factor of safety the design total effluent nitrogen concentration is assumed to be 9 mg/L, 
with ammonia accounting for 1 mg/L of the total.  Since anoxic operation of an oxidation 
ditch to remove nitrates by denitrification is not easily controlled, it is therefore assumed 
that effluent nitrate will comprise the majority of the effluent nitrogen.  For the following 
calculations, a dissolved oxygen concentration (DO) of 2.0 mg/L, and an oxygen half 
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saturation coefficient (KO) of 0.5 mg/L are used.  The design nitrifier growth rate is 
calculated as follows: 
 

n = (n,m,8) 

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This equation yields a net specific nitrifier growth rate of 0.130/d, which is then used to 
calculate the required SRT using the following equation: 
 
SRT = 1/n = 7.7 days 
 
Rounding up this value to provide a safety factor produces a required aeration basin SRT 
of 8 days.  An additional safety factor is deemed unnecessary since there is no daily 
ammonia or nitrogen effluent limit. 
 
The Soap Lake oxidation ditch is equipped to employ intermittent aeration to accomplish 
both nitrification and denitrification in a single tank.  When the aeration is turned down, 
the tank essentially acts as an anoxic reactor as nitrate is used in lieu of oxygen for BOD5 
removal.  During the anoxic period, the rotors slow down to provide limited mixing with 
minimal oxygen transfer, and nitrate is used as an electron acceptor. 
 
The time for the anoxic and aerobic periods is important in determining the system’s 
treatment performance.  The following analysis determines the fraction of time the 
oxidation ditch must operate as an anoxic reactor and determines if the oxidation ditch 
has sufficient volume to maintain the required SRT. 
 
The first step in determining anoxic time is the calculation of the specific denitrification 
rate (SDNR) with the following equations from Wastewater Engineering (Metcalf & 
Eddy, 2003): 
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Where: 

SDNR  =  specific denitrification rate, lb NO3-N/lb biomass d 
Ynet  =  net yield for heterotrophic biomass, g VSS/g bCOD 

 An  = net oxygen utilization coefficient, lb O2 / lb bCOD removed 
 SRT  = 8 days (from above) 



Gray & Osborne, Inc., Consulting Engineers 

5-10  City of Soap Lake 
January 2013  Engineering Report 

 kd,t = endogenous heterotrophic decay coefficient, d-1 = 0.075 / d (see below) 
 Y = 0.40 lb/lb bCOD (typical for domestic wastewater) 
 
The values for kd,t can be determined as follows. 
 

      ddkk t
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/075.004.1/12.0 20820
max,8, 0         (typical for domestic wastewater) 
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To determine the amount of time the ditch must be operated in an anoxic cycle, the active 
biomass concentration must be calculated with the following equation: 
 


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Where: 

Xb = active biomass concentration, mg/L 
Q = design flow, 0.32 MGD 

V = oxidation ditch volume, 0.300 MG 

Y = 0.40 lb/lb bCOD (from above) 
SRT = 8 days (from above) 
kd,t = 0.075/d (from above) 
S = mass influent bCOD, taken as 1.6 x influent BOD5 = 1,025 lb/d (641 

lb/d x 1.6) = 384 mg/L 
S0. = mass of effluent bsCOD, typical for 30 mg/L BOD5 limit = 10 mg/L 
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Therefore: 
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Using the specific denitrification rate (SDNR) of 0.056 lb NO3-N per lbd from above, 
the biomass is capable of denitrifying the following mass of nitrates: 
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The actual mass of nitrates removed by nitrification depends on the duration of the daily 
anoxic period in the ditch.  Estimating this removal can be determined by calculating that 
Soap Lake will discharge approximately 38 mg/L of nitrates without denitrification, or 
about 80% of the influent TKN.  Assuming nitrates are reduced to 6 mg/L through the 
denitrification process and effluent organic nitrogen and ammonia are 2 mg/L and 1 
mg/L, respectively (for a total nitrogen discharge of 9 mg/L), this effluent concentration 
results in a daily denitrification of: 
 

85)34.8)(32.0)(638(  lb/d NO3-N 
 
The amount of time that the oxidation ditch must be operated anoxically is therefore: 
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This anoxic period means that the oxidation ditch is therefore operated aerobically 5.8 
hours per day.  Since the SRT of 8 days required for nitrification is based upon 24 hours 
of aerobic performance, a total SRT based upon 5.8 hours of aeration per day is required. 
 

Total SRT 1.33
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This new total SRT of 33.1 days affects the calculation of SDNR.  Therefore, an iterative 
calculation process is performed to determine a new total SRT that is consistent with the 
design SRTA of 8 days and the daily aerobic period duration.  The iterative process 
results in a total required SRT of 21.4 days.  The design daily anoxic period is 15.0 hours 
and the aerobic period is 9.0 hours.   
 
In order to calculate the aerobic mass required for the design SRT, the net sludge 
production for the treatment system must first be estimated.  Assuming a cell yield of 0.4 
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lb VSS/lb biodegradeable COD (bCOD), an influent wastewater and biomass VSS/TSS 
ratio of 0.85, and a design temperature of 8 oC, the total sludge production can be 
determined using the following equation: 
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Where: 

PX = mass of waste activated sludge per day, lb/d (to be determined) 
Y = heterotrophic cell yield = 0.40 lb/lb bCOD (from above)  
Yn = autotrophic cell yield = 0.12 lb/lb TKN (typical for domestic wastewater) 

S = mass influent bCOD, taken as 1.6 x influent BOD5 = 1,025 lb/d (from 
above) 

S0 = mass of effluent bsCOD, taken as 10 mg/L = 27 lb/d (from above) 
fd = fraction of cell mass remaining as cell debris = 0.15 lb/lb (typical for 

domestic wastewater) 
kd,t = 0.075/d (from above) 
kdn,t = 0.057 mg/L (from above) 
SRT = solids retention time = 21.4 days (from above)  
SRTA  = solids retention time = 8 days (from above)  
XiVSS = volatile nonbiodegradable solids, assumed volatile suspended solids (VSS) 

assumed to be 85 percent of influent TSS, volatile nonbiodegradable solids 
assumed to be 40 percent of VSS 

= 0.4 x 0.85 x influent TSS = 225 lb/d 
XiTSS = influent nonvolatile suspended solids, assumed as 15 percent influent TSS 

= 99 lb/d 
t = influent temperature = 8 oC  
NOx = amount of influent TKN oxidized to nitrate, assumed as 80% of influent 

TKN = 0.8 x 127 lb/d = 102 lb/d 
 

The sludge production can then be calculated as follows: 
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This equation yields a total estimated waste sludge production of 558 lb/d.  At the design 
SRT of 21.4 days, this waste sludge production results in a required total aerobic mass of 
11,916 lbs.  With a known aeration basin volume of 300,000 gallons, the required MLSS 
concentration is calculated to be 4,760 mg/L.  It is therefore determined that if the 
aeration basin is operated at a mixed liquor suspended solids concentration of 
approximately 4,800 mg/L, the basin will operate at the desired aerobic mass and design 
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SRT.  This concentration is high, but within the recommended range of MLSS 
concentrations for an oxidation ditch of between 3,000 and 5,000 mg/L.  However, the 
secondary clarifiers are not large enough to receive an oxidation ditch effluent with a 
MLSS that concentrated.  Therefore, additional aeration volume is required to provide the 
required aerobic mass at a lower MLSS concentration, or additional clarification area is 
required. 
 
Aeration Requirements 
 
To biologically oxidize the BOD5 in the wastewater into bacteria and harmless end 
products, oxygen must be continuously added to the aeration basin.  The required amount 
of oxygen consists of a carbonaceous oxygen demand and a nitrogenous oxygen demand. 
 
The carbonaceous oxygen demand is calculated as follows: 
 
Carbonaceous )(42.12 xbioo PSSDemandO   

Where: 
 S = mass influent bCOD, 1,025 lb/d (from above) 

 So = mass effluent bsCOD, 27 lb/d (from above) 
Pxbio = biodegradable biological mass, 0.85(PX- XiVSS - XiTSS)  
 = 0.85(558 lb/d – 225 lb/d - 99 lb/d) (PX, XiVSS, XiTSS from above) = 199 lb/d 

 
Therefore, the carbonaceous oxygen demand is 716 lb/d.  The nitrogenous oxygen 
demand is calculated by first calculating the amount of nitrogen oxidized to nitrate: 
 
Nitrogenous ))(12.0(33.4 42 xbioPNHTKNDemandO   

Where: 
 TKN = influent TKN, 127 lb/d (from above) 

 NH4 = effluent ammonia, 3 lb/d (assumed 1 mg/L concentration) 
 Pxbio =199 lb/d (from above) 
 
Therefore, the nitrogenous oxygen demand is 435 lb/d.  As noted previously, one of the 
benefits of denitrification is the use of oxygen included in the nitrates.  For each pound of 
nitrate nitrogen removed, 2.86 lbs of oxygen is produced, resulting in an oxygen credit of 
244 lb/d (2.86 lb O2 * 85 lb/d NO3 removed).  Therefore, the total oxygen demand is 907 
lb/d, as determined below. 
 
 Total O2 demand = Carbonaceous O2 demand + Nitrogenous O2 demand - Credit 
 = 716 lb/d + 435 lb/d – 244 lb/d = 907 lb/d 
  
Applying a safety factor of 1.3 to account for fluctuations in diurnal loads results in a 
design oxygen demand of 1,179 lb/d. 
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Oxygenation equipment is specified based upon standard oxygen transfer rate (SOTR), 
the oxygen transfer rate in clean 20oC water with no suspended solids, as opposed to 
actual oxygen transfer rate (AOTR).  The SOTR is calculated as follows: 
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Where: 
 a = oxygen transfer correction factor, 0.9 (typical for this treatment process) 

 b = salinity surface tension factor, 0.95 
 CSTH = dissolved oxygen concentration at operating temperature and elevation 
  = 9.8 mg/L 
 CS20 = dissolved oxygen concentration at 20oC and 1 atm, 9.08 mg/L 
 CO = operating dissolved oxygen concentration, 2 mg/L 
 T = 15oC (from Engineering Report (Wilson Engineering, 2000)) 
  
The resulting SOTR is therefore 1,832 lb/d delivered in 9.0 hours, or 204 lb/hr.   
 
The existing rotors are each 14 feet long and operate at 11.4 inch immersion.  Based upon 
manufacturer’s information for these rotors, the oxygen transfer is 1,510 lb/d per rotor, or 
63 lb/hr.  With two rotors operating, the maximum SOTR from the existing rotors is 126 
lb/hr, therefore the existing aeration system is undersized for the required aeration 
projection of 204 lb/hr.  The Criteria for Sewage Works Design recommends that an 
oxidation ditch in a reliability class II facility, such as the Soap Lake WWTF, be 
provided with sufficient aeration with the largest capacity unit out of service.  At existing 
conditions, the City does not meet these criteria, and it is projected that once the City 
population reaches approximately 1,691 people the City will not have sufficient aeration 
capacity with both rotors in service.  At an annual growth rate of 1.5%, this is projected 
to occur in 2018.  
 
Alkalinity Requirements 
 
The stoichiometric reaction for the oxidation of ammonia nitrogen to nitrate shows that 
two moles of hydrogen are produced for every mole of ammonia nitrogen oxidized.  In a 
wastewater treatment system, these hydrogen ions are neutralized by the wastewater’s 
natural alkalinity (buffering capacity), preventing this acid condition from significantly 
reducing the pH within the treatment system.  However, if the alkalinity present in the 
influent wastewater is not sufficient to neutralize the hydrogen ions released during 
nitrification, the pH within the system will begin to drop.  This, in turn, can lead to low 
mixed liquor and effluent pH and a significant reduction in nitrification efficiency.  An 
effluent pH value below 6 is a permit violation.  Mixed liquor with pH readings outside 
the range from 7.2 to 8.0 can have an inhibitory effect on the nitrifying organisms. 
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To determine whether the alkalinity in the wastewater is sufficient, a nitrogen mass 
balance must be performed. 
 
The first step is to determine how much nitrogen is in the waste cell tissue.  The 
biodegradable biological mass of the waste activated sludge (WAS) was calculated to be 
199 lb/d above, assuming that 0.12 lb N/lb of biomass is present results in 24 lb/d of 
nitrogen present in the waste cell tissue.   
 
The mass of TKN oxidized (nitrification) and the mass of nitrates denitrified must be 
determined in order to calculate how much alkalinity is consumed and how much 
alkalinity is produced in the process.  Following is the equation to determine the quantity 
of nitrates denitrified: 
 
TKN Oxidized  = TKN - NH4-(0.12Px,bio) 
Nitrate Denitrified = TKN - NH4-(0.12Px,bio)-NO3-N 
 
Where: 

TKN = influent TKN, 127 lb/d, (from above) 
NH4 = effluent ammonia, 3 lb/d, (from above) 
Px,bio = biodegradable biomass wasted, 199 lb/d, (from above) 
NO3-N = effluent nitrate mass 16 lb/d, (from above, based on 6 mg/L in the 

effluent) 
 
These equations results in 100 lb/d of TKN oxidized to nitrates (nitrification) and 84 lb/d 
of nitrate denitrified.  The amount of alkalinity consumed in the biological processes is 
calculated as follows: 
 

Consumption = (Nitrification)(7.14 mg CaCO3) –  
(Denitrification)(3.57 mg CaCO3) 

 
= (100 lbs/d TKN Oxidized)(7.14 mg CaCO3) –  

(84 lbs/d· NO3-N Denitrified)(3.57 mg CaCO3) 
 
The total alkalinity consumed is calculated at 414 lb/d or 155 mg/L at a maximum 
monthly flow of 0.32 MGD.  An alkalinity of 80 mg/L is required in the oxidation ditch 
to maintain a pH of 7.2.  The total required alkalinity is 235 mg/L (155 mg/L + 80 mg/L). 
 
The City’s influent alkalinity is anticipated to be above 300 mg/L based on sampling 
performed for the Engineering Report (Hammond, Collier & Wade-Livingstone, 1998).  
This demonstrates that at the projected influent flows and loadings it is not anticipated 
that alkalinity consumption and low effluent pH will be a problem for the City. 
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Design criteria for the oxidation ditch are provided in Table 5-5. 
 

TABLE 5-5 
 

Existing Oxidation Ditch Design Criteria 
 

Oxidation Ditch
Volume 300,000 gal 
Channel Width 25.5 ft  
Side Water Depth 4 ft 

Brush Rotors 
Quantity 2 
Rotor Length  14 ft 
Rotor Diameter 42 in 
Motor 20 hp, 480 V, 3 phase 

 
SECONDARY CLARIFIERS 
 
Process Description 
Following biological treatment, effluent from the oxidation ditch flows by gravity into 
one or more of the two circular secondary clarifiers.  The secondary clarifiers provide a 
quiescent environment where settleable solids are separated from the flow by gravity 
sedimentation.  Settled sludge is transported by mechanically operated rotating rake arms 
along the floor of the clarifier to a central hopper.  Solids are removed from the hopper 
for return to the oxidation ditch by means of the return activated sludge (RAS) pump 
located in the Operations Building.  Scum is pumped from the system by a scum pump 
located in the Operations Building.  Effluent exits the clarifiers by passing over a weir 
launder located around the center column. 
 
Structural 
Both clarifiers appear to be in good structural condition, and should be sufficient for the 
20-year planning period.  However, it is recommended that the mechanism for Secondary 
Clarifier No. 1 be painted. 
 
The operators have indicated that Secondary Clarifier No. 2 is constructed at a higher 
elevation than Secondary Clarifier No. 1.  As addressed below, this negatively impacts 
the City’s ability to operate the clarifiers in parallel. 
 
Capacity 
Wastewater Engineering (Metcalf & Eddy, 2003) recommends a maximum surface 
loading rate of 400-700 gpd/ft2 at a maximum month flow and 1,000-1,600 gpd/ft2 at 
peak hour flow for properly designed and operated clarifiers.  Because the City’s 
clarifiers are shallow (10 feet) and have an inefficient peripheral feed design, it is 
recommended that the design criteria for these clarifiers be reduced to 60% of the typical 
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design criteria.  Therefore, a maximum surface loading rate of 240-420 gpd/ft2 at 
maximum month flow and 600-960 gpd/ft2 at peak hour flow should be used to evaluate 
the clarifiers. 
 
Also, as noted in the Criteria for Sewer Works Design, in order to meet Ecology’s 
reliability standards for a reliability class II facility, one secondary clarifier must be 
capable of treating 50 percent of the design flow when the largest clarifier is out of 
service.  For the City of Soap Lake, this criteria applies to Secondary Clarifier No. 1 
because it is the smaller clarifier.  Ecology’s reliability standards also require at least two 
secondary clarifiers to be constructed to allow one tank to be removed from service for 
inspection, maintenance, and repairs. 
 
As shown in the tables below, both clarifiers are capable of meeting the recommended 
overflow rates if the flow is split between the clarifiers.  Due to the differing surface 
areas, it is recommended that the flow be split 39 percent to Secondary Clarifier No. 1 
and 61% to Secondary Clarifier No. 2 to provide equal loading when both units are in 
operation.  However, that is not currently possible due to the lack of a splitter box to 
divide the flows.  As a result, the clarifiers meet the short term reliability standards in the 
Criteria for Sewer Works Design (each clarifier capable of treating 50 percent of the 
design flow), but for long term operation, flows cannot be split between the two clarifiers 
to treat 100% of the flow.  Therefore, it is recommended that the clarifiers be modified to 
allow them to be operated in parallel.  It is also recommended that a splitter box be 
installed to split the flows between the clarifiers proportionately to their surface areas so 
that the clarifiers are equally loaded when they are both in operation. 
 
In addition to recommendations for surface loading rates, Wastewater Engineering 
recommends solids loading rates of 24-36 lb/ft2/d at a maximum month flow and 43 
lb/ft2/d at peak hour flow.  For the Soap Lake clarifiers, due to the shallow depth, these 
criteria should be decreased to 14.4 – 21.6 lb/ft2/d at maximum month flow and 25.8 
lb/ft2/d at peak hour flow.  As shown in the design criteria table below, Secondary 
Clarifier No. 1 is capable of meeting these criteria at the projected flows only if the 
MLSS concentration is 3,000 mg/L or lower.  This condition further confirms that the 
biological process requires additional reactor volume, as it was previously determined 
that a MLSS concentration above 4,700 mg/L would be required to continue using only 
the existing oxidation ditch for biological treatment. 
 
Design criteria for the secondary clarifiers are provided in Table 5-6. 
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TABLE 5-6 
 

Existing Secondary Clarifiers Design Criteria 
 

Secondary Clarifier No. 1  
Type Circular; Peripheral Feed; Center Withdrawal 
Diameter 28 ft
Side Water Depth 10 ft
Surface Area 616 ft2

50% of Flow (Reliability Assessment) 
MMF Surface Overflow Rate @ 0.16 MGD  260 gpd/ft2

PHF Surface Overflow Rate @ 0.47 MGD  755 gpd/ft2

MMF Solids Loading Rate @ 0.32 MGD (1) 
MLSS 3,000 mg/L 

13.0 lb/ft2/d

PHF Solids Loading Rate @ 0.63 MGD (1) 
MLSS 3,000 mg/L 

25.4 lb/ft2/d

39% of Flow (Operational Assessment) 
MMF Surface Overflow Rate @ 0.12 MGD  203 gpd/ft2

PHF Surface Overflow Rate @ 0.36 MGD  589 gpd/ft2

MMF Solids Loading Rate @ 0.24 MGD (1) 
MLSS 3,000 mg/L 

10.1 lb/ft2/d

PHF Solids Loading Rate @ 0.48 MGD (1) 
MLSS 3,000 mg/L 

19.8 lb/ft2/d

Motor 0.5 hp
(1) RAS flow assumed as 50% of MMF. 

 

Secondary Clarifier No. 2  
Type Circular; Peripheral Feed; Center Withdrawal 
Diameter 35 ft
Side Water Depth 10 ft
Surface Area 962 ft2

50% of Flow (Reliability Assessment) 
MMF Surface Overflow Rate @ 0.16 MGD  166 gpd/ft2

PHF Surface Overflow Rate @ 0.47 MGD  483 gpd/ft2

MMF Solids Loading Rate @ 0.32 MGD (1) 
MLSS 3,000 mg/L 

8.3 lb/ft2/d

PHF Solids Loading Rate @ 0.63 MGD (1) 
MLSS 3,000 mg/L 

16.3 lb/ft2/d

61% of Flow (Operational Assessment) 
MMF Surface Overflow Rate @ 0.20 MGD  203 gpd/ft2

PHF Surface Overflow Rate @ 0.57 MGD  590 gpd/ft2

MMF Solids Loading Rate @ 0.40 MGD (1) 
MLSS 3,000 mg/L 

10.2 lb/ft2/d

PHF Solids Loading Rate @ 0.77 MGD (1) 
MLSS 3,000 mg/L 

19.8 lb/ft2/d

Motor 0.5 hp
(1) RAS flow assumed as 50% of MMF. 
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In addition to hydraulic issues associated with differing floor and overflow elevations in 
the clarifiers, the clarifiers have historically had poor settling sludge as a result of the 
bacterial population in the oxidation ditch.  The Sludge Volume Index (SVI) should be 
maintained below 150 mL/g to enable operation at the loading rates shown above.  In an 
oxidation ditch, there are many varieties of bacteria, including both floc-forming and 
filamentous types.  Floc-forming bacteria typically produce dense flocs that have high 
settling velocities and compact well.  Filamentous bacteria are generally long and thin 
with many branches. 
 
At the high concentrations typical of activated sludge, filamentous bacteria form flocs 
that are not tightly compacted, partially due to the protruding filaments that increase the 
surface area and volume of the floc, but do not increase the mass.  Therefore, the density 
of the resulting filamentous bacteria flocs are low compared to those of floc-forming 
bacteria.  Since settling velocity is dependent upon density, the settling velocity of the 
filamentous bacteria is less than that of floc-forming bacteria.  Consequently, the mixed 
liquor solids settle slowly and do not compact well.  This condition is indicated by a high 
(>150 mL/g) SVI for the mixed liquor solids. 
 
A common approach to control filamentous bacteria growth is the use of a bioselector 
upstream of the oxidation ditch.  A bioselector is a series of small, mixed tanks in which 
the RAS and influent are combined in an environment favorable to the growth of floc-
forming bacteria.  Adding bioselectors to the WWTF upstream of the oxidation ditch will 
cause the sludge to settle more effectively, resulting in a low SVI (<150 mL/g) and 
higher quality effluent.  For this reason, it is recommended that the City construct 
bioselectors as part of the WWTF improvements. 
 
EFFLUENT FLOW METER 
 
Process Description 
A 6-inch magnetic flow meter is located in the piping into the chlorine contact chamber 
from the secondary clarifiers.  The flow meter has a range of 0-4,300 gpm, which is 
sufficient for the 20-year planning period.  The City has not calibrated this flow meter in 
recent years, so it is recommended that it be calibrated as soon as possible.  To do this, it 
is recommended that a new magnetic flow meter be purchased and installed to enable the 
existing flow meter to be removed and sent to the manufacturer for calibration. 
 
The flow meter installation also does not have the manufacturer-recommended length of 
straight 6-inch pipe upstream and downstream of the meter, so it is recommended that the 
piping be modified to provide the recommended run of straight pipe for the flow meter. 
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CHLORINE CONTACT TANK 
 
Process Description 
At present there is no disinfection of the wastewater effluent that is discharged from the 
WWTF.  The City is not required to provide disinfection since the existing permit limits 
do not include a fecal coliform limit. 
 
Prior to constructing the rapid infiltration basins and removing an effluent spray system 
from service, the City historically operated a chlorine contact tank for disinfection.  
Wastewater still flows through the tank prior to discharge, but no chemicals are added. 
 
Design criteria for the chlorine contact tank are provided in Table 5-7 
 

TABLE 5-7 
 

Existing Chlorine Contact Tank Design Criteria 
 

Chlorine Contact Tank  
Surface Area 170 ft2

Side Water Depth 10 ft
Volume 12,500 gallons

 
EFFLUENT PUMPS 
 
Process Description 
The effluent pump station pumps effluent from the chlorine contact tank to the rapid 
infiltration basins for final disposal.  The wet well is located in the Operations Building.   
 
Capacity 
Per the Criteria for Sewage Works Design, it is recommended that effluent pumps be 
designed to pump peak hour flow with the largest pump out of service.  Based on a 
projected PHF of 0.93 MGD (646 gpm), the pumps have sufficient capacity for the 20-
year planning period if both pumps are in operation.  The existing peak hour flow 
conditions currently require the second pump to operate; therefore this improvement is 
currently required to meet redundancy requirements.  To provide the required 
redundancy, it is recommended that a third pump be installed. 
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Design criteria for the effluent pumps are provided in Table 5-8. 
 

TABLE 5-8 
 

Existing Effluent Pumps Design Criteria 
 

Effluent Pumps  
Quantity 2
Type Vertical Turbine
Capacity @ TDH 340 gpm @ 44 ft
Motor 7.5 hp

 
EFFLUENT SAMPLER 
 
Process Description 
The effluent sampler is located in the Operations Building near the effluent pumps and 
samples effluent flowing to the effluent pump wet well.  The sampler is an automatic 
composite sampler that takes samples once per hour over a 24-hour period.  The sampler 
is not flow paced.  Due to the generally good condition of the unit, it is recommended 
that the sampler be kept as part of the WWTF upgrades; however modifications will be 
necessary to ensure the sampler is flow paced and, therefore, the samples are more 
representative. 
 
RAPID INFILTRATION BASINS 
 
Process Description 
The City’s final effluent is pumped to one of six rapid infiltration basins that were 
constructed as part of the 2004 upgrades to replace the undersized City drainfield.  The 
total area of the basins is 2.6 acres.  During the summer, effluent is applied to a particular 
basin for 7-9 days, and then flow is switched to the next basin.  During the winter, the 
application period is approximately 9-12 days.  The operator has not reported any 
significant issues with the infiltration basins. 
 
Capacity 
Per the Predesign Report (Wilson Engineering, 2001) for the facility upgrade that 
constructed the rapid infiltration basins, the rapid infiltration basins are designed to 
accommodate an infiltration rate of 6.0 in/hr at a maximum nitrogen loading of 10 mg/L, 
an application period of 7-12 days dependent on the season, and a drying period of 10-16 
days, dependent on the season.  Assuming a single infiltration basin is online at a given 
time, the basins are large enough for a flow of 1,010 gpm, or 1.45 MGD.  The basins are 
therefore large enough to adequately infiltrate the flow for the 20-year planning period.  
If the City continues rotating flows through the basins sequentially, there are a sufficient 
number of basins to allow a given basin to be dried for the required time period prior to 
being placed in to service again.  The operators have indicated that the rapid infiltration 
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basins operate as designed, and their experience confirms that the basins have significant 
capacity remaining. 
 
Design criteria for the rapid infiltration basins are provided in Table 5-9. 
 

TABLE 5-9 
 

Existing Rapid Infiltration Basins Design Criteria 
 

Rapid Infiltration Basins  
Quantity 6 
Floor Dimensions, each 262’0” L x 62’0” W 
Side Slope 2:1 
Basin Depth 4.5 ft 
Volume, each 648,600 gallons 
Design Infiltration Rate 6.0 in/hr 
Summer Application Period 7-9 days 
Winter Application Period 9-12 days 
Summer Drying Period 10-15 days 
Winter Drying Period 12-16 days 
Maximum Nitrogen Loading 10 mg/L 

 
SOLIDS TREATMENT FACILITIES 
 
The City’s solids treatment facilities consist of an aerobic digester, sludge drying beds, 
and a sludge storage pad.  The City uses the digester for partial treatment and to reduce 
sludge volume, and the sludge drying bed process is used to achieve Class B biosolids 
criteria.  Air drying in sand drying beds is designated by WAC 173-308 as a process to 
significantly reduce pathogens (PSRP) that is capable of meeting Class B pathogen 
reduction requirements if the biosolids are dried for a minimum of three months with at 
least two of the months having an ambient average daily temperature of at least 32 oF.  
Vector attraction reduction requirements are satisfied if the concentration of the volatiles 
solids in the biosolids is reduced by 38 percent during the digestion process. 
 
Following is an analysis of the solids handling treatment facilities. 
 
RETURN ACTIVATED SLUDGE SYSTEM 
 
Process Description 
Return activated sludge (RAS) is pumped from the secondary clarifiers to the oxidation 
ditch to maintain a concentrated biomass in the oxidation ditch.  There are two RAS 
pumps located in the lower level of the Operations Building.  The RAS from the 
secondary clarifiers is combined in a single withdrawal pipe and the clarifiers are not 
hydraulically independent, so the clarifiers cannot be operated independently.  The 
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existing pumps are non-clog, dry-pit centrifugal pumps rated at 200 gpm @ 25 feet TDH.  
The pumps are controlled by operator-adjustable VFDs.  It is recommended that the RAS 
piping be modified to hydraulically isolate the RAS operation of each clarifier. 
 
The pumps have packing to seal the shaft, and this packing requires a liquid media for 
lubrication.  Typically, the source of water for seal water is either potable or non-potable 
water.  However, currently the pumps’ seal water is the RAS that is being handled by the 
pump.  Utilizing sludge as the lubrication media results in poor cooling and eventually 
packing failures.  To compensate for these problems, the operator has loosened the 
packing to allow sludge to leak more freely without the risk of plugging the packing.  
The sludge leaks to the floor where it is pumped by a sump pump back to the oxidation 
ditch. 
 
The sludge leaking to the floor has created unsanitary conditions for the operator, and a 
very corrosive environment has been created as a result.  The pumps were replaced in 
2010, although the original motors are still in service.  After approximately seven years 
of service, the electrical stanchions in the area have a significant amount of visible rust.  
The MCCs in the upper level of the building are currently exposed to a damp and 
corrosive environment that over time will contribute to accelerated deterioration of the 
electrical components. 
 
The location of the pumps inside of an enclosed room also has implications for the 
installation of additional electrical gear in the future.  Per NFPA 820 Standard for Fire 
Protection in Wastewater Treatment and Collection Facilities (2008 Edition), the RAS 
pumps create a classification for the entire room and any rooms connected to it without 
sufficient ventilation.  This classification is based upon the likelihood of explosive gases 
such as methane forming in wastewater and the possibility that a buildup of gases within 
the classified area could lead to an explosive condition. Within these spaces, electrical 
equipment must be designed specifically for operation within a potentially explosive 
atmosphere.  In many cases this is achieved through the installation of an explosion-proof 
motor or similar design modifications that protect the electrical components.  However, 
these modifications add cost to equipment.  An alternate means of addressing the NFPA 
standards is to ventilate the classified space to remove the need for expensive equipment 
replacement and upgrades.  In the case of the Operations Building, ventilation of the RAS 
room would be expensive due to the size of the space and the heating requirements 
associated with maintaining non-freezing conditions in the room during the winter while 
simultaneously ventilating the space at all times.  
 
For these reasons, it is recommended that the pumps be modified to utilize non-potable 
water in lieu of RAS for seal water or the RAS pumps be moved to a new location.  For 
similar reasons, it is recommended that the scum pumps be moved to a new location with 
the RAS pumps when this work is undertaken. 
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Capacity 
In addition to the problems created by utilizing RAS for seal water in the RAS pumps, 
the RAS system experiences low velocities in the sludge piping.  Typical RAS flowrates 
are approximately equal to 50 percent of MMF, which is equal to 0.16 MGD for the 20-
year planning period, or 111 gpm.  Most of the RAS piping is 8-inch ductile iron, which 
at 111 gpm results in a velocity of 0.7 ft/s.  This velocity is not sufficient to prevent 
solids from settling in the pipe.  Scouring velocities are typically above 2 ft/s.   
 
The operator has recognized this problem and uses the VFDs to speed up the pumps 
periodically during the week to keep the lines clear.  This mode of operation appears to 
be a sufficient solution and has kept the pipes from plugging.  It is recommended that the 
PLC be programmed to periodically speed the pumps up automatically.  This solution 
will more reliably address the problem and ensure the solids are not settling in the pipes.  
 
The City wastes sludge to the digester once per week, typically 8 hours on a Friday.  This 
type of wasting schedule can result in a highly variable mixed liquor concentration at the 
oxidation ditch.  Large swings in MLSS concentration are expected to compromise the 
ability of the treatment process to provide reliable nitrification. 
 
To remedy this problem, it is recommended that the RAS system be modified to allow 
small volumes of sludge to be wasted more often. 
 
Assuming that the RAS rate will be equal to 50 percent of MMF, the existing 200 gpm 
pumps will accommodate a MMF of 0.58 MGD with one pump out of service for 
reliability.  This is greater than the projected MMF of 0.32 MGD, therefore the RAS 
pumps have adequate capacity for the planning period. 
 
Design criteria for the RAS pumps are provided in Table 5-10. 
 

TABLE 5-10 
 

Existing RAS Pumps Design Criteria 
 

RAS Pumps  
Quantity 2 
Type Non-Clog Dry-Pit Centrifugal 
Capacity @ TDH 200 gpm @ 25 ft 
Motor 5 hp 
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AEROBIC DIGESTER 
 
Process Description 
The solids that are not returned to the activated sludge process (oxidation ditch) from the 
clarifiers are called waste activated sludge (WAS) and are pumped to the aerobic 
digester.  The ability to remove, stabilize, and dispose of WAS from the treatment 
process is one of the major factors which determines the capacity of the treatment plant.  
There are three fundamental elements in the State biosolids management regulations that 
establish the minimum criteria for biosolids disposal: pollutant concentration (primarily 
metals), pathogen reduction, and vector attraction.  Currently, the Soap Lake WWTF 
meets the state requirements for pollutant concentration, pathogen reduction, and vector 
attraction for Class B biosolids.  The solids are currently hauled off site to a permitted 
facility for final disposal. 
 
Pathogens are destroyed during the aerobic digestion process since the digester’s 
oxidizing environment is very hostile to most pathogenic microorganisms.  The lack of 
soluble organic matter in the waste sludge creates an endogenous environment where the 
bacteria must feed off their own cell matter.  Since the bacteria consume cell matter, the 
aerobic digestion process is capable of significantly reducing the mass of solids in the 
digester.  Not all of the solids are capable of being destroyed through digestion since 
some of the solids are inert and non-biodegradable.  The aerobic digestion process is 
capable of destroying approximately 38 percent of the total solids by weight pumped to 
the digester. 
 
The Soap Lake digester is a lined, open-air basin.  Depending on the water surface 
elevation, the basin water depth ranges from 7 to 12 feet, and the volume ranges from 
240,000 to 570,000 gallons.  Biosolids flow out of the basin by gravity to the sludge 
drying beds from a pit on the bottom of the basin.  The digester is equipped with two 
floating aerators that are designed to mix the contents and transfer oxygen into the 
digester to promote biological degradation of the solids.  The aerators operate by drawing 
(aspirating) atmospheric air into the water and diffusing the oxygen in fine bubbles into 
the water. 
 
Design criteria for the aerobic digester are provided in Table 5-11. 
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TABLE 5-11 
 

Existing Aerobic Digester Design Criteria 
 

Aerobic Digester  
Floor Dimensions 52’0” L x 52’0” W 
Basin Depth 7 - 12 ft 
Volume 240,000 to 570,000 gallons 

Aerators  
Quantity 2 
Type Floating Aspirator 
Dimensions 5’7” L x 1’3” W 
Motor 5 hp, 230/460 V, 3 phase, 60 Hz 

 
Gray & Osborne, Inc. was hired in 2007 to evaluate the aeration system in the aerobic 
digesters and recommend alternatives.  As noted in the letter (Appendix D), the City has 
experienced continual problems with the aeration system.  Although the aerobic digester 
is equipped with aspirating aerators, they are not used because rags and tumbleweeds 
bind the aerators and cause the aerator bearings to fail.  Several times per year, when the 
operator wastes biosolids to the drying beds, the inadequate aeration causes a major odor 
problem near the WWTF. 
 
Another issue with the aspirating aerators is that they are intended to provide mixing of 
the digester in addition to providing the required oxygen.  The City has observed that the 
aerators do not provide sufficient mixing and severe odors occur while running the 
aerators.  These conditions indicate that the oxygen demand is not being met and the 
aspirating aerators are undersized for mixing the basin.  Therefore, it is recommended 
that the City replace the aeration system with a new aeration system and install a mixing 
system if the new aeration system does not provide adequate mixing. 
 
As addressed in the oxidation ditch analysis performed previously, the City will generate 
558 lb/d of WAS, or approximately 6,690 gal/d at a concentration of about 10,000 mg/L.  
It is recommended that a floating decanter be installed to allow the digester to be 
decanted.  Decanting of clear liquid from the surface of the digesters should allow the 
digesters to be operated at approximately 1.5 to 2 percent solids. 
 
WAC 173-308-170 requires that biosolids must be agitated with air or oxygen to 
maintain aerobic conditions for a mean cell residence time (MCRT) between 40 days at 
20oC and 60 days at 15oC.  Due to the climate at Soap Lake, the aerobic digestion should 
be designed for a 60-day MCRT, as the average temperature reaches 20oC only three 
months of the year.  The projected MCRT is calculated as follows: 
 
 Solids Waste Rate  = 558 lb/d (from above) 
 Volatile Solids Content = 70% (typical for domestic wastewater) 
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     = 391 lb/d (Solids Waste Rate * 70%) 
 

Volatile Solids Destruction = 38% (required by WAC 173-308) 
    = 149 lb/d (Volatile Solids Content * 38%) 
 
Solids Wasted from Digester = 558 lb/d – 149 lb/d 
    = 409 lb/d 
 
Solids in Digester  = Solids Content * 8.345 * Digester Volume 
    = 0.015 * 8.345 * 240,000 gal 
    = 30,000 lb 
 
MCRT    = Solids in Digester / Solids Wasted from Digester 
    = 30,000 lb / 409 lb/d 
    = 74 days 

 
Therefore, the digester is projected to be large enough for the 20-year planning period if a 
floating decanter is installed to decant supernatant from the surface of the tank.  
Furthermore, the analysis was performed assuming a digester volume of 240,000 gallons, 
which is the lowest operating level.  The digester has sufficient volume to reduce the 
need for the decanter, but it is recommended that the City thicken the digester contents 
regularly to reduce the water content of the digested solids that are placed in sludge 
drying beds.  This will increase the capacity of the drying beds and reduce sludge hauling 
costs.  Thickening of the digester contents from 1 percent solids to 1.5 to 2 percent solids 
will result in a recovery of 33 to 50 percent of the water that is currently dewatered via 
solar drying, which will increase the efficiency of the process and increase the capacity 
of the sludge drying beds.  
 
SLUDGE DRYING BEDS 
 
Process Description 
Digested sludge from the aerobic digester is drained to the sludge drying beds.  The 
drying beds consist of a shallow layer of sand over a layer of granular support material 
separated by low concrete walls.  The sand allows water to percolate, leaving the drained 
biosolids on the surface for solar drying.  There are a total of six drying beds.  A drain 
system runs between the beds to remove the drained water from the sludge, although the 
drain piping has been crushed and no longer functions.  It is recommended that the drain 
piping be repaired or replaced to allow the drying beds to be operated as designed. 
 
Furthermore, the splitter box that diverts sludge to the beds contains only one functional 
valve, so when WAS is drained from the digester, it is not currently possible to prevent 
sludge flow in to the majority of the beds.  It is recommended that the valves be replaced 
to allow the drying beds to be isolated, and therefore prevent WAS flow in to drying beds 
that contain dry biosolids, re-wetting the solids in the process. 
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The operator has also requested that the drying beds be paved to reduce the required 
maintenance.  Partially because of the non-functional drains, the sand beds dry on the 
surface, but the majority of the sludge does not dry.  The City cannot use a front loader or 
other mechanical equipment to agitate the sludge because the equipment sinks in the sand 
and may further damage the drain system; therefore the City relies upon labor-intensive 
manual operations to agitate the sludge.  It is recommended that the sludge drying beds 
be paved to allow mechanical equipment to be used in the beds. 
 
Design criteria for the sludge drying beds are provided in Table 5-12. 
 

TABLE 5-12 
 

Existing Sludge Drying Beds Design Criteria 
 

Sludge Drying Beds  
Quantity 6 
Floor Dimensions 80’0” L x 20’0” W 
Depth Above Sand 3 ft 
Total Area 9,600 ft2 

 
Wastewater Engineering recommends that paved drying beds be designed to dewater 
solids through drainage in addition to evaporative drying.  The required drying bed area 
is calculated as follows: 
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Where 
 A = sludge drying bed area, m2 
 S = digested sludge production, dry solids, kg/yr = 409 lb/d =67,700 kg/yr 
 sd = percent dry solids after gravity drainage = 0.10 (assumed) 
 se = percent dry solids after evaporation = 0.85 (assumed) 
 ke = reduction factor for evaporation of sludge = 0.60 (typical) 
 Ep = free water pan evaporation rate, cm/yr = 124.5 cm/yr in Soap Lake 
 P = annual precipitation, m/yr = 0.19 m/yr in Soap Lake 
 
The resulting required sludge drying bed area is therefore 1,120 m2, or 12,000 ft2.  As 
shown above, the City has approximately 9,600 ft2 of sludge drying beds, so the sludge 
drying beds have insufficient capacity for the 20-year planning period.  It is therefore 
recommended that the City construct additional drying beds or add polymer to the 
digested sludge to increase the drainage efficiency of the sludge.  It is estimated that the 
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drying beds existing capacity will be sufficient until approximately 2017, assuming 
annual growth of 1.5%. 
 
FILTRATE RETURN PUMP STATION 
 
The liquid that drains from the sludge drying beds enters a manhole located on the north 
end of the walkway between the older drying beds and newer drying beds.  When the 
manhole fills, a submersible pump in the manhole pumps down the manhole into the 
oxidation ditch.  The City has indicated that the pump still works well, although it only 
operates during storm events because the sludge drying beds no longer drain into the 
pump station as designed.  The City has confirmed that the pump can be replaced easily if 
necessary; therefore it is assumed that the pump station will serve the City’s needs for the 
20-year planning period. 
 
NONPOTABLE WATER SYSTEM 
 
The WWTF currently uses water throughout the facility for uses that do not require 
potable water.  This primarily consists of yard hydrants for washdown water.  The 
consumption of potable water is likely to increase as the WWTF is upgraded over time.  
It is recommended that the City install a nonpotable water system to use WWTF effluent 
instead of potable water wherever possible. 
 
It is also recommended that the site piping be modified to provide proper cross 
connection control.  Potable water enters the WWTF through a backwash prevention 
assembly, but there is not subsequent backflow prevention downstream of the assembly.  
Per the Department of Ecology Criteria for Sewage Works Design, it is recommended 
that there be an approved backflow prevention assembly to isolate various portions of the 
system including the lab, bathrooms, and site piping.  
 
OPERATIONS BUILDING 
 
The Operations Building appears to be in good condition, and City personnel have 
confirmed that the building is suitable for continued use.  However, as indicated below, 
the location of the RAS pumps and motor control centers in the same room is a violation 
of the electrical code. 
 
ELECTRICAL SERVICE 
 
The existing plant electrical distribution system consists of a 240/120 volt, 3-phase 4-
wire distribution system served from Grant County PUD through a pad-mounted 
transformer.  The electrical service feeds a motor control center for the facility through a 
600 amp circuit breaker.  The circuit breaker and motor control center are located in the 
Operations Building.  The motor control center feeds a power panel and lighting panel 
which subsequently provide power to ancillary systems and lighting throughout the 
facility. 
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The motor control center also provides an electrical service through a 200 amp harmonic 
conditioner to the variable frequency drive room located on the first floor.  The variable 
frequency drive room contains a VFD cabinet for the two oxidation brush rotor VFDs 
and the two RAS pump VFDs.  The VFD equipment was installed in the 2003 upgrade. 
 
The existing service from Grant County PUD is an unusual voltage, and the PUD no 
longer supports the existing transformer.  According to the Grant County PUD service 
department, the City will be required to upgrade the transformer either when it fails or 
when a future WWTF upgrade increases the electrical loading of the facility.  
 
The motor control center and panelboards are over 35 years old.  Based on the existing 
loads served from the 240/120 volt service, the existing distribution system appears to 
have the capacity to serve some limited new loads.  However, the distribution equipment 
is located in a corrosive environment inside the same room as the RAS pumps.  Because 
of the operating environment, the life expectancy of the motor control center and panels 
is reduced. 
 
According to the City’s SWD permit the City must ensure that adequate safeguards 
prevent the discharge of untreated wastes or wastes not treated in accordance with the 
requirements of the permit during electrical power failure at the treatment plant.  
Adequate safeguards include, but are not limited to alternate power sources, standby 
generator(s), or retention of inadequately treated wastes.  Presently the City does not 
have an alternative source of power, a generator, nor does it have the ability to retain 
inadequately treated wastes.  In the event of a power failure the wastewater bypasses the 
effluent pump station and is discharged to the drain field.  The biota in the oxidation 
ditch cannot be maintained in an extended power outage. 
 
The existing power distribution system does not meet with the EPA reliability criteria 
which require each of the plant critical loads to be connected to redundant busses in order 
to prevent a single point of failure on the distribution system. 
 
Solutions to the electrical problems described above will be further explored in Chapter 6. 
 
OPERATIONS 
 
STAFFING 
 
To assist the City in operating the WWTF in an efficient manner, an operation and 
maintenance manual for the WWTF has been developed.  A copy of the manual is located 
in the operations building for operator reference.  The manual was updated in 2004. 
 
The U.S. Environmental Protection Agency (EPA) developed a methodology for 
estimating wastewater treatment plant staffing requirements in their 1973 publication, 
Estimated Staffing for Municipal Wastewater Treatment Facilities.  The methodology is 
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based upon the size of the treatment facility, its layout, the treatment components 
utilized, monitoring and testing requirements, and other factors.  A spreadsheet utilizing 
this approach is included in Appendix F.  The analysis is consistent with the Engineering 
Report (1998), which determined that the facility would only require a single operator 
once upgraded to its current state. 
 
It is recommended that the City use the O&M manual for the facility in scheduling 
maintenance in accordance with the various equipment manufacturers’ recommendations.  
The City currently has one full-time employee at the WWTF, but the total hours 
estimated to operate the facility may require that the operator be provided assistance 
periodically due to the nature of the work and the efficiency of some tasks when 
performed with multiple personnel.  Furthermore, involving multiple City employees in 
the operation of the WWTF will have the benefit of cross-training employees and 
creating a more versatile staff. 
 
The Department of Ecology requires that the City have a licensed back-up operator for 
periods when the operator is sick, on vacation, attending a training workshop, or 
otherwise unavailable for operating the WWTF.  Therefore, it is recommended that the 
City locate and contract with a licensed operator in the vicinity or begin the process of 
certifying another City employee to address this requirement  
 
LABORATORY 
 
Per Section S2.D. of the City’s State Waste Discharge Permit, the City must ensure that 
all monitoring data required by Ecology is prepared by a laboratory registered or 
accredited under the provisions of chapter 173-50 WAC, Accreditation of Environmental 
Laboratories.  The City has a policy to have its laboratory accredited annually in June 
and is currently accredited.  It is recommended that the City continue this practice. 
 
ESTIMATED ANNUAL O&M 
 
Based upon the existing O&M costs for the sewer utility, Table 5-13 summarizes the 
projected annual O&M costs presented in 2012 dollars. 
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TABLE 5-13 
 

Estimated Annual O&M Cost for the Sewer Utility (1) 
 

Item Total 
Salaries and Benefits $130,000 
Utilities $40,000 
Supplies $20,000 
Equipment Repair and Maintenance $20,000 
Professional Services (2) $15,000 
Miscellaneous $15,000 
Total Estimated O&M Costs $240,000 
(1) Based on historic expenditures. 
(2) Includes biosolids land application costs 

 
SUMMARY OF DEFICIENCIES 
 
Based on the analysis above, a summary of the deficiencies at the Soap Lake WWTF are 
provided below. 

 
1. Grinder 

a. The grinder does not remove manufactured inerts from the 
wastewater, and therefore biosolids from the WWTF do not meet 
WAC 173-308-205. 

b. The grinder structure does not remove grit from the wastewater. 
 

2. Influent Sampler 
a. The influent sampler is not flow-paced. 

 
3. Oxidation Ditch 

a. The oxidation ditch structure may be leaking or operation of the 
process results in periodic sewage spills. 

b. The oxidation ditch volume is not large enough to provide 
treatment to meet the nitrogen removal requirements of the State 
Waste Discharge Permit throughout the 20-year planning period. 

c. The aeration system does not have adequate capacity for the 20-
year planning period. 
 

4. Secondary Clarifiers 
a. The mixed liquor in the oxidation ditch is historically poor settling 

due to high SVI (high filament count). 
b. The mechanism for Secondary Clarifier No. 1 requires re-painting. 
c. Both clarifiers are shallow and have an inefficient design. 
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d. The clarifiers cannot be operated in parallel due to hydraulics and 
site piping. 

e. The piping to the clarifiers is not set up to split flows equally based 
upon surface area. 
 

5. Effluent Flow Meter 
a. The meter has not been calibrated in many years. 
b. The meter requires longer straight pipe runs on either side of the 

meter to achieve proper flow orientation, and therefore accurate 
measurements. 
 

6. Chlorine Contact Tank 
a. The effluent is not currently chlorinated due to the lack of 

disinfection requirements in the State Waste Discharge Permit. 
 

7. Effluent Pumps 
a. The existing pumps do not meet recommendations for redundancy 

and reliability. 
 

8. Effluent Sampler 
a. The effluent sampler is not flow-paced with effluent flow. 

 
9. RAS System 

a. The RAS pumps use the pumped fluid (sludge) for seal water. 
b. The RAS piping is large diameter, and the required RAS flows are 

not high enough to adequately prevent settling of solids in the 
piping. 

c. The RAS pumps cannot be operated as dedicated pumps for each 
secondary clarifier to enable parallel operation. 
 

10. Aerobic Digester 
a. The floating aerators bind with tumbleweeds and fail often. 
b. The floating aerators are undersized for the WAS oxygen demand. 
c. The digester is not adequately mixed. 
d. The digester can only be decanted to set elevations, instead of 

allowing the operator to determine the operating level. 
 

11. Sludge Drying Beds 
a. The drain piping is crushed and does not operate. 
b. Most of the valves associated with filling the beds do not close.  
c. The beds are not paved, increasing O&M costs associated with this 

process. 
d. The drying beds do not have adequate capacity for the 20-year 

planning period. 
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12. Water System 
a. The City uses potable water for uses that could be served by 

nonpotable water. 
b. There is not adequate backflow prevention within the site water 

system. 
 

13. Operations Building 
a. The installation of the RAS and scum pumps and motor control 

centers in one room result in a violation of the electrical code. 
 

14. Electrical Service 
a. The electrical service equipment is over 35-years old and 

approaching the end of its useful life. 
b. The presence of RAS seal water in an enclosed room with the 

motor control center and panelboards has accelerated the aging of 
the equipment. 

c. The service transformer is no longer supported and will be 
required to be replaced due to increasing loads or transformer 
failure. 

d. There is no backup generator at the WWTF. 
 

15. Operations 
a. The City does not have a backup operator available.  



CHAPTER 6 
 

WWTF IMPROVEMENTS 
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CHAPTER 6 
 

WASTEWATER TREATMENT FACILITY 
IMPROVEMENTS 

 
INTRODUCTION 
 
This chapter provides an evaluation of alternative options for treating the flows and 
loadings and describes recommended improvements to the existing facilities.  A 
description of deficiencies requiring improvement is contained in Chapter 5.  The goal of 
this evaluation is to select an alternative that is reliable, cost effective, produces an 
effluent that complies with the State Waste Discharge Permit, provides adequate 
treatment capacity for growth in the community, and generates biosolids that can be cost 
effectively managed in accordance with federal and state regulations.  It is assumed that 
the treated effluent will continue to be discharged to groundwater, and the residual solids 
will continue to be land applied at the Boulder Park site. 
 
In 2011, the City applied for design and construction funding from the Public Works 
Board for improvements to the WWTF, and the project was selected for funding.  
However, the scope of work for the project was based upon a letter report developed by 
Gray & Osborne, Inc. in 2008 (Appendix D); the City’s priorities for WWTF needs have 
changed since the development of the letter report.  As a result, this chapter identifies and 
recommends the improvements in two phases.  The first phase consists of immediate 
improvements recommended for funding with the Public Works Trust Fund (PWTF) 
loan, and the second phase consists of improvements to be completed in the future as the 
growth of the City necessitates increased capacity.  Each improvement recommended in 
this chapter is identified as either a Phase I improvement or a Phase II improvement. 
 
WWTF IMPROVEMENTS 
 
HEADWORKS 
 
The new headworks will consist of two parallel concrete channels for gravity settling and 
manual removal of grit.  The headworks will also be equipped with a mechanical fine 
screen that will remove debris larger than 1/4-inch in size.  As the debris accumulates on 
the screen, the head loss through the screen will increase.  When the head loss reaches a 
set level, the screen will automatically turn on and convey, compact, and dewater the 
screenings.  The screen discharges the compacted and dewatered materials to a dumpster 
for disposal at a landfill. 
 
A concrete channel parallel to the fine screen will be equipped with a manually cleaned 
bypass bar screen with 3/8-inch spacing between the bars.  During normal operation this 
bypass channel will not be used, and will only be put into service when the mechanical 
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fine screen is removed from service for maintenance.  However, the wall between the two 
channels will be lower than the outside concrete walls so that flows will overflow into 
this channel in the case of a plugged mechanical screen.  A Parshall flume will be 
installed in the headworks downstream of the gravity grit channels to measure influent 
flows and control water level in the grit channels. 
 
The headworks and mechanical fine screen will be sized based upon the design peak hour 
flow to the facility.  For the 20-year planning period, the peak hour flow is 0.93 MGD.  
Gravity grit channels are typically designed for a velocity of 1 ft/s at design peak hour 
flow.  Assuming a 6-inch Parshall flume is installed in the channel, the flow depth 
through the channels will be approximately 0.8 feet at PHF conditions.  To allow for an 
operating range of 13 inches upstream of the screen and a freeboard of 18 inches, the 
channels must therefore be at least 3.4 feet deep upstream of the screen.  Based upon a 
flow depth of 0.8 feet, a 1.8 foot wide channel will produce 1 ft/s at PHF conditions.   
 
To remove 65-mesh grit from the flow, the channels must be long enough to allow the 
grit to settle at a theoretical particle settling velocity of 3.8 ft/min.  Since the depth of 
flow is assumed to be 0.8 feet based upon a flow of 0.93 MGD and 1.8 foot channel 
width, the required hydraulic detention time of the channel must be at least 0.8 ft / 3.8 
ft/min, or 0.21 minutes.  To account for removal inefficiency due to inlet and outlet 
turbulence, an additional 50 percent of theoretical detention time is required.  These 
criteria result in a required detention time of 0.32 minutes at peak hourly flow, or 19 
seconds.  Assuming a velocity of 1 ft/s, the required channel length is 19 feet.   
 
During the construction of the new headworks, it is recommended that the influent 
sampler be modified to receive a flow-paced signal from the new influent Parshall flume 
flow meter.  This design will provide the City with a more representative influent sample.  
 
Due to the immediate need for influent screening to meet regulatory requirements, it is 
recommended that the mechanical fine screen be installed in the Phase I improvements.  
However, the grit channels and flow measurement do not represent an immediate need; 
therefore that portion of the work can be delayed until the Phase II improvements.  To 
address the need for influent screening, it is recommended that the grinder structure be 
modified to install a vertical mechanical screen in the Phase I improvements.  During the 
Phase II improvements, the mechanical screen will be relocated from the grinder 
structure to a newly-constructed headworks structure.  This approach will be more 
expensive than completing all of the headworks work in Phase I, but will allow the City 
to use all of its limited available funds on immediate needs.  
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Table 6-1 presents the design criteria for the headworks. 
 

TABLE 6-1 
 

Headworks Design Criteria 
 

Mechanical Fine Screen
Quantity 1 
Type Helical Auger 
Orifice Opening 1/4 in 
Screen Width 13 in 
Capacity 1.05 MGD 
Motor Size 3 hp 
Maximum Head Loss 13 in 
Bar Screen 
Quantity 1 
Type Manually Cleaned 
Bar Spacing 3/8 in 
Screen Width 1.8 ft 
Gravity Grit Channels 
Quantity 2 
Length 19 ft 
Width 1.8 ft 
Minimum Depth 3.4 ft 
Parshall Flume 
Throat Width 6 in 
Range 0.001 – 3.98 MGD 
Water Depth at PHF 0.8 ft 
Water Depth at AAF 0.4 ft 

 
BIOSELECTOR BASINS 
 
The bioselector basins will consist of a two-compartment baffled concrete tank with one 
vertical mixer per compartment.  Since there is no primary clarification provided at the 
Soap Lake WWTF, the total BOD5 loading to the oxidation ditch has a lower soluble 
fraction of BOD5 than at a facility receiving primary effluent.  Therefore, a relatively 
high design F/M (food to microorganism ratio) should be used for the selector design to 
provide a greater loading of readily available (soluble) BOD5.  The bioselector will be 
sized for an F/M of 6 g BOD/g MLSS·d in each compartment and an overall F/M ratio of 
3 g BOD/g MLSS·d. 
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If the bioselector is sized for the 20-year planning period, the sizing for the compartments 
will be as follows: 
 
Design Maximum Month BOD5: 641 lb/d 
Design MLSS:    3,000 mg/L 
 
F:M = 6 = lb BOD5 / lb MLSS 
lb MLSS = 641 lb /  6 = 107 lb MLSS 
Volume @ 3,000 mg/L = 107 lb / (3000)(1 x 10-6)(8.345) = 4,300 gallons 
 
Based upon the anticipated process flow and economical construction, it is recommended 
that the bioselectors be constructed as a single structure with the new anoxic basins 
(addressed later in this Chapter).  Therefore, the two structures will share a common 
structure depth to simplify construction.  Based upon a sidewater depth of 11 feet, the 
bioselector compartments will each be approximately 7’9” L x 6’9” W x 13’0” D.  To 
mix the contents of each bioselector and prevent settling, vertical shaft mixers are the 
most cost effective solution and will be used.  Coarse bubble aeration is not cost effective 
since the installation of blowers in addition to air piping would be required.  
 
Because the bioselectors are not essential for operating the treatment facility, it is 
recommended that they be included in the Phase II improvements.   
 
Table 6-2 presents the design criteria for the bioselectors. 

 
TABLE 6-2 

 
Bioselector Design Criteria 

 
Bioselectors 
Quantity 2 
Dimensions, each 7’9” L x 6’9” W x 13’0” D 
Sidewater Depth 11 ft 
Volume, each 4,325 gal (578 ft3) 
F:M Ratio (2 basins) 6:3:1 
Mixer Type Top-mounted, vertical, gear driven 
Motor Size 1 hp 

 
BIOLOGICAL PROCESS 
 
The existing oxidation ditch and rotors do not have sufficient capacity for the 20-year 
planning period.  Denitrification will be included in the biological treatment because it is 
required to reduce the effluent nitrogen concentration below the State Waste Discharge 
permit limits.   
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There are many biological processes that the City could implement at the WWTF to meet 
the terms of its State Waste Discharge permit.  However, since the City is able to reuse 
the majority of the existing infrastructure at the WWTF, it is not economical to 
implement the majority of the available biological treatment processes that would replace 
the existing infrastructure.  Processes that are not considered in this Report include 
membrane bioreactors, sequencing batch reactors, post-anoxic denitrification, and 
proprietary processes such as the Biolac and Aero-Mod processes.  Instead, only two 
alternatives that reuse much of the existing plant facilities will be evaluated, as discussed 
below. 
 
Biological Treatment Process Alternatives 
 
The Department of Ecology requires that alternatives be evaluated for a facility plan as 
described in WAC 173-240-050.  This report will evaluate two alternatives for increasing 
the capacity of the biological treatment process.  The two alternatives to increase the 
biological treatment capacity at the WWTF are described in the following sections: 
 
Alternative No. 1 – Supplement Existing Oxidation Ditch with New Anoxic Basin 
 
This alternative consists of the following components: 
 

 New anoxic tank for denitrification, including vertical mixers to provide 
mixing without introducing oxygen 

 Reuse of the oxidation ditch for aerobic biological treatment 
 
The alternative is described below. 
 
Anoxic Basin 
 
The biological reduction of nitrates to nitrogen gas will take place in a new anoxic basin 
constructed separate from the existing oxidation ditch.  In addition to removing nitrogen 
from the wastewater to meet effluent limits, the anoxic basin provides several other 
advantages to the treatment process.  It improves overall process stability, recovers a 
portion of the alkalinity that is consumed during nitrification in the oxidation ditch, 
reduces aeration requirements (i.e. saves energy) by using nitrate in lieu of oxygen as an 
electron acceptor, and it provides some additional selection against filamentous bacteria. 
 
The mixture of influent wastewater and return activated sludge (RAS) will enter the 
anoxic basin together with recycled mixed liquor from the oxidation ditch.  This mixed 
liquor contains a high concentration of nitrates as a result of biological nitrification in the 
oxidation ditch. 
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The first step in sizing the anoxic basin is to calculate the active biomass in the anoxic 
basin, which will have the same MLSS concentration as in the oxidation ditch.  The 
equation to determine the active biomass is as follows: 
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Where: 
 Xb = active biomass in aeration basin, mg/L  
 Q = design flow = 0.32 MGD (from Chapter 4) 
 SRT = solids retention time = 8 days (determined in aerobic section) 
 V = volume of aerobic zone = 0.300 MG (existing oxidation ditch) 
 Y = heterotrophic cell yield = 0.40 lb/lb bCOD (from Chapter 5) 
 S = influent biodegradable COD (bCOD) = 384 mg/L (from Chapter 5) 
 So = effluent bsCOD = 10 mg/L (from Chapter 5) 
 kd,8 = endogenous heterotrophic decay coefficient = 0.075 / d (from Chapter 5) 
 
Thus, the active biomass concentration in the mixed liquor would be as follows: 
 
 Xb = (0.32)(8)/(0.300) x [(0.4)(384-10)/(1+(0.075)(8))] = 800 mg/L 
 
The next step is to determine the internal recycle (IR) ratio.  The internal recycle returns 
nitrified effluent from the aerobic zone (oxidation ditch) to the anoxic basin such that the 
nitrates can be reduced to nitrogen gas and released to the atmosphere. 
 
The amount of nitrates that will be returned from the oxidation ditch to the anoxic basin 
depends on the amount of nitrates that will be discharged in the effluent.  The oxidation 
ditch will be designed for an effluent ammonia concentration of 1 mg/L.  Also, the 
effluent suspended solids will contribute a small amount of organic nitrogen.  The plant 
effluent will have a suspended solids concentration of less than 20 mg/L.  Usually, 12 
percent of the suspended solids consist of organic nitrogen.  Thus, 2 mg/L of organic 
nitrogen would be present in the facility effluent. 
 
The design total nitrogen limit is 10 mg/L (monthly average) in the treatment facility 
effluent.  Since the WWTF effluent nitrogen will consist of ammonia, organic nitrogen, 
and nitrates, the allowable effluent nitrate concentration should be limited to 6 mg/L, 
resulting in a total nitrogen discharge of less than 9 mg/L.  The IR ratio is defined as the 
IR flow divided by the influent flow and is determined by the following equation: 
 
   RNNOIR ex  0.1/  
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Where: 
 NOx = oxidation ditch nitrate concentration resulting from nitrification of TKN 
  = 38 mg/L (determined in aerobic section) 
 Ne = effluent nitrate concentration = 6 mg/L (discussed above) 
 R = RAS ratio = 0.5 (typical for domestic WWTFs) 
 
Thus, the internal recycle ratio at design conditions would be as follows: 
 
 IR = (38/6) – 1.0 – 0.5 = 4.8 
 
A maximum IR ratio of 4.8 will result in an IR flow of 4.8 x 0.32 MGD = 1.54 MGD = 
1,067 gpm.  The recycle pump will be located in a dry pit adjacent to the oxidation ditch. 
 
The next step in sizing the anoxic basin is to determine the mass of nitrates that are fed to 
the anoxic basin.  Nitrates are fed in both the IR flow and the RAS flow.  Thus the total 
flow feeding nitrates to the anoxic basin is 0.32 x (4.8 + 0.5) = 1.70 MGD.  The 
estimated concentration of nitrates in this flow is 6 mg/L, resulting in a total nitrate mass 
of 85 lb/d (1.70 x 6 x 8.345).  This amount is the total mass of nitrates that will have to be 
converted to nitrogen gas in the anoxic basin. 
 
The last step in sizing the anoxic basin is to determine the appropriate detention time 
required to remove the nitrates introduced to the anoxic basin and then calculate the 
volume.  This is an iterative process (“trial-and-error”), and only the last iteration is 
presented herein.  As such, the anoxic volume shown in the calculation below is not 
calculated or assumed, but is the volume necessary to obtain the required nitrogen 
removal as determined through the iterative process. 
 
Removal of nitrates through denitrification is measured through the specific 
denitrification rate (SDNR).  The estimation of SDNR in Chapter 5 is not valid for design 
of a new anoxic basin because the method used for determining SDNR in Chapter 5 is 
specific to processes employing intermittent aeration, such as the City’s existing 
oxidation ditch process.  However, a dedicated anoxic basin will have a different 
bacterial population, SRT, hydraulic retention time, and other critical process parameters.  
Therefore the method used in Chapter 5 is not used. 
 
In anoxic basins upstream of an aeration basin, it has been determined that the rate of 
denitrification at 20 oC (SDNR20) is a function of the ratio of influent BOD5 to the mass 
of the active biomass in the anoxic basin (F/Mb).  The relationship is given on Figure 8-
23 in Wastewater Engineering, Treatment, and Reuse, Fourth Edition (Metcalf and Eddy, 
2003). 
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At an active biomass concentration of 800 mg/L and an influent BOD5 of 641 lb/d: 
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Where: 
 Q = design flow = 320,000 gal/d (from Chapter 4) 
 BOD = influent BOD concentration = 240 mg/L (calculated from Q and 
loading) 
 VNOX = Volume of anoxic zone = 81,500 gal (determined by iteration) 
 Xb = Anoxic zone biomass concentration = 800 mg/L (from above) 
 
Thus, the F/Mb ratio would be as follows 
 
 F/Mb = (320,000)(240)/((81,500)(800)) = 1.2 
 
Figure 8-23 in Wastewater Engineering, Treatment, and Reuse gives a SDNR20 of 0.220 
lb NO3/lb active biomass per day.  SDNR varies with temperature based on the following 
relationship, and the 8oC is assumed based upon the oxidation analysis performed in 
Chapter 5: 
 
 SDNR8 = SDNR20 x 1.026(8-20) = 0.162 lb NO3/ lb active biomass / d 
 
The active biomass in the anoxic basin is 540 lb (Xb * VNOX * 8.345 / 1,000,000).  This 
biomass is capable of removing 87 lbs of nitrate per day (540 x 0.162), which is equal to 
the mass of nitrates that is required to be removed.   
 
The detention time for the anoxic basin is calculated as 6.1 hours, based on treatment 
facility influent flow (0.081 MG x 24 hrs/day / 0.32 MGD).  The use of nitrates in the 
anoxic basin as an electron acceptor will reduce the aeration requirements in the 
oxidation ditch.  The aeration requirements will be reduced by 2.86 lbs of oxygen per lb 
of nitrates removed in the anoxic basin.  Since 87 lbs of nitrate will be removed per day 
at design conditions, the required oxygen input to the oxidation ditch can be reduced by 
2.86 x 87 = 248 lbs of oxygen per day.  Oxygen requirements are discussed in detail in 
the next section.   
 
Aerobic Zone 
 
The analysis of the existing oxidation in Chapter 5 provides an in-depth calculation of 
kinetic parameters and coefficients, and provides a determination that the existing 
volume of the oxidation ditch is insufficient to adequately treat the wastewater at future 
design conditions.  However, that analysis was performed under the assumption that 
denitrification was required in the same tank, which necessitated a significantly higher 
SRT and a higher MLSS concentration to provide the treatment required during the 



Gray & Osborne, Inc., Consulting Engineers 

City of Soap Lake  6-9 
Engineering Report  January 2013 

aerobic period.  In this alternative, the anoxic basin is a separate tank, and the oxidation 
ditch will be used only for aerobic treatment. 
 
An analysis of the biological system design is not repeated here in its entirety, but a 
summary is provided to show the differences associated with operating the oxidation 
ditch aerobically at all times.  The significant design changes from the analysis in 
Chapter 5 are as follows: 
 

 The total SRT of 8 days will not require modification to account for 
anoxic operation, therefore an SRT of 8 days in the aerobic zone 
(oxidation ditch) is used throughout the remainder of the analysis, and in 
the calculation of the active biomass for the anoxic basin (as shown 
above). 

 Net sludge production increases from 558 lb/d to 654 lb/d, which will 
reduce the available capacity of the sludge drying beds. 

 The standard oxygen transfer rate (SOTR) is increased from 1,832 lbs 
O2/day to 2,006 lbs O2/day.   

 The required MLSS decreases below 3,000 mg/L, therefore additional 
aeration volume is not required. 

 
Sludge Production 
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SOTR 
 
Pxbio  = biodegradable biological mass, 0.85(PX- XiVSS - XiTSS)  
Pxbio  = 0.85(654- 225 - 99) = 281 lb/d 
 
Carbonaceous O2 Demand = S – So – 1.42(Pxbio) 
Carbonaceous O2 Demand = 1,025 – 27 – 1.42(281) = 600 lb/d 
 
Nitrogenous O2 Demand = 4.33(TKN – NH4 – 0.12(Pxbio)) 
Nitrogenous O2 Demand = 4.33(127 – 3 – 0.12(281)) = 393 lb/d 
 
Total O2 Demand = Carbonaceous O2 Demand + Nitrogenous O2 Demand - O2 Credit 
Total O2 Demand = 600 lb/d + 393 lb/d – 0 = 993 lb/d 
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Oxygen Demand Adjusted for Fluctuations in Diurnal Load = Total O2 Demand * 1.3 
Oxygen Demand Adjusted for Fluctuations in Diurnal Load = 993 * 1.3 = 1,290 lb/d 
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SOTR = 2,006 lb/d 
 
MLSS Concentration 
 
Required Aerobic Mass = (Px)(SRT ) 
Required Aerobic Mass = (654)(8) = 5,230 lbs 
 
Required MLSS = Required Aerobic Mass / Volume in MG / 8.345 
Required MLSS = 5,230 / 0.30 / 8.345 = 2,100 mg/L 
 
 
Aeration Requirements 
 
As indicated above, the SOTR for the revised biological process in the oxidation ditch is 
equal to 2,006 lbs O2/day, or 84 lbs O2/hr.  As addressed in Chapter 5, based upon 
manufacturer’s information for the existing rotors, the oxygen transfer is 1,510 lb/d per 
rotor, or 63 lb/hr.  To provide the recommended redundancy, it is necessary to provide 
sufficient aeration with one rotor out of service.  Therefore, the existing aeration system 
is undersized to provide the required aeration for the 20-year planning period.  Because 
the rotors are still in good condition, it is recommended that a floating brush aerator be 
installed in the oxidation ditch to provide the additional 21 lbs O2/hr.  It is estimated that 
at the projected population growth rate, it will take approximately 5 years for the revised 
SOTR to surpass the capacity of a single rotor.   
 
The City has not violated its State Waste Discharge Permit limits historically, therefore it 
is not necessary to construct the anoxic basin in the Phase I improvements project.  
However, if the anoxic basin is not constructed in Phase I, then the City’s existing rotors 
will continue to be operated intermittently to remove nitrogen through anoxic 
denitrification, reducing their effective aeration capacity.  Operating in this manner, it is 
estimated that the rotors will not have sufficient capacity to meet the required oxygen 
demand at maximum month conditions beginning in approximately 2018.  Furthermore, 
both rotors will be required to operate in the interim, providing no redundancy.   
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It is not ideal to operate without the recommended equipment redundancy, but the 
existing system is capable of providing treatment to comply with the State Waste 
Discharge Permit, and the system is projected to be capable of remaining in compliance 
for approximately six more years, assuming projected population growth.  Therefore, 
construction of an external anoxic basin can be delayed.  If the City pursues this 
alterative, it is recommended that the anoxic basin be constructed in Phase II. 
 
Table 6-3 presents the design criteria for the biological process improvements.   

 
TABLE 6-3 

 
Biological Process Improvements Design Criteria – Alternative 1 

 
Anoxic Basin 
Quantity of zones per basin 2 
Dimensions, each 30’0” L x 16’6” W x 13’0” D 
Sidewater Depth 11 ft 
Total Volume 81,500 gal 
Detention Time 6.1 hours 
Internal Recycle Ratio 4.8 
Design MLSS 2,100 mg/L 
Internal Recycle Pump 
Quantity 1 
Type Centrifugal 
Capacity @ 5 ft TDH 1,067 gpm 
Motor 3 hp 
Anoxic Basin Mixers 
Quantity 2 
Type Top-mounted, vertical, gear-driven 
Motor 5 hp  
Oxidation Ditch Floating Brush Rotor
Quantity 1 
Oxygen Transfer 21 lb O2/hr  
Motor 10 hp 

 
Alternative No. 2 – New Aeration Basin and Abandon Existing Oxidation Ditch 
 
This alternative consists of the following components: 
 

 New aeration basin including an anoxic zone for denitrification and an 
aerobic zone for biological treatment, including fine bubble diffusers and 
two aeration blowers for the addition of oxygen to the tank.  This basin 
will provide all of the biological treatment because the oxidation ditch will 
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be abandoned.  The new aeration basin will be constructed with two trains, 
each capable of treating one-half of the flow. 

 Abandonment of the oxidation ditch 
 
Anoxic Zones 
 
The anoxic basin design for this alternative is similar to the design from Alternative No. 
1.  The same anoxic volume is required, but the anoxic basin would be constructed as 
part of the new aeration basin structure.  As a result, the anoxic zones will most likely be 
deeper due to the recommended depth of the aeration basin and ease of construction 
associated with a common foundation depth.  Each anoxic zone is anticipated to be 
approximately 26’9” L x 13’6” W x 17’0” D. 
 
Aeration Basin 
 
It is recommended that the aeration basin be constructed with two parallel trains, 
allowing for a portion of the volume to be removed from service for maintenance of 
submerged air diffusers.  The City could expand in the future by adding additional trains 
as needed. 
 
As addressed previously, providing continuous aeration in the basin, as opposed to in the 
single oxidation ditch; reduces the required design SRT of the activated sludge system, 
resulting in a lower required MLSS concentration.  The required MLSS concentration for 
a 300,000 gallon aeration basin is 2,100 mg/L, but increasing the maximum MLSS 
concentration in the new aeration basin to 3,000 mg/L will allow the City to reduce the 
required aeration basin volume to approximately 209,000 gallons.  As addressed in 
Chapter 5, 3,000 mg/L is the highest MLSS concentration that the existing secondary 
clarifiers are capable of receiving while meeting the recommended redundancy 
requirements of a reliability class II facility. 
 
It is recommended in Wastewater Engineering, Treatment, and Reuse that the depth of 
the aeration basin be at least 15 feet to maximize the energy efficiency of the air diffusion 
system.  Additional recommendations include a width-to-depth ratio between 1.0:1 and 
2.2:1 and a length-to-width-ratio of at least 5:1.  There is sufficient space available at the 
Soap Lake WWTF site for the new aeration basin, but maintaining the operation of the 
existing oxidation ditch during construction will limit the amount of space that is 
available, and deep excavations near the ditch may be difficult without damaging the 
oxidation ditch structure.  It is recommended that the new aeration basin be constructed 
close to the southern property line of the WWTF to minimize the difficulty in 
constructing the deep structure.  The dimensions of each aeration basin will be 
approximately 69’0” L x 13’6” W x 17’0” D. This will result in a length-to-width ratio of 
approximately 5.1:1 and a width-to-depth ratio of approximately 0.9:1. 
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Aeration Requirements 
 
The aeration basin treatment trains will be equipped with fine membrane bubble diffusers 
installed on the floor of the structure.  Air will be supplied to the diffuser grids using 
positive displacement blowers installed with soundproof enclosures. 
 
As indicated above, the SOTR for the revised biological process is 2,006 lbs O2/day, or 
84 lbs O2/hr.  The following calculation determines the required blower size to provide 
84 lbs O2/hr: 
 

Fine Bubble Diffuser Efficiency = 1.75%/foot submergence 
Depth of Submergence  = 14.0 ft 
Diffuser Efficiency   = 24.5% 
Air Flow for Aeration   = (84 lbs O2/hr)/(1 scf/0.0173 lbO2)/(24.5%) 

      = 19,820 scf/hr 
      = 330 scfm 
 
To provide adequate redundancy, two positive displacement blowers will be provided.  
As addressed in Alternative No. 1, installation can be delayed until Phase II, although 
this schedule will require the existing oxidation ditch to operate without aeration 
redundancy in the interim. 
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Table 6-4 presents the design criteria for the biological process improvements.   
 

TABLE 6-4 
 

Biological Process Improvements Design Criteria – Alternative 2 
 

Anoxic Basin 
Quantity of zones 2 
Dimensions, each 26’9” L x 13’6” W x 17’0” D  
Sidewater Depth 15 ft 
Total Volume 81,000 gal 
Detention Time 6.1 hours 
Internal Recycle Ratio 4.8 
Design MLSS 3,000 mg/L 
Internal Recycle Pump 
Quantity 1 
Type Centrifugal 
Capacity @ 5 ft TDH 1,067 gpm 
Motor 3 hp 
Speed Control VFD 
Anoxic Basin Mixers 
Quantity 2 
Type Top-mounted, vertical, gear-driven 
Motor 5 hp  
Aeration Basin 
Quantity of trains 2 
Dimensions, each 69’0” L x 13’6” W x 17’0” D  
Sidewater Depth 15 ft 
Total Volume 209,000 gal 
Detention Time 15.7 hours 
Design MLSS 3,000 mg/L 
Aerobic SRT 8 days 
Aeration Basin Blowers 
Quantity 2 
Type Positive Displacement 
Capacity, each 330 scfm @ 7 psig 
Motor 20 hp 
Speed Control VFD 
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Alternative Comparison 
 
Preliminary operation and maintenance costs have been developed for each alternative 
utilizing the cost to operate the existing WWTF as a starting point.  The operation and 
maintenance cost presented is the cost to operate the entire sewer utility.  Currently the 
sewer utility operation and maintenance cost is approximately $260,000 per year.  Table 
6-5 presents a summary of the operation and maintenance costs for the alternatives. 

 
TABLE 6-5 

 
Capital and O&M Costs for Treatment Alternatives 

 
Item Alternative 1 

Supplement Existing 
Oxidation Ditch with 

New Anoxic Tank 

Alternative 2 
New Aeration Basin  

and Abandon  
Existing Oxidation Ditch

Salaries and Benefits $130,000 $130,000 
Utilities $43,000 $41,000 
Supplies $20,000 $20,000 
Equipment Repair and Maintenance $20,000 $20,000 
Professional Services (2) $15,000 $15,000 
Miscellaneous $16,000 $14,000 
Total Estimated O&M Costs $244,000 $240,000 

(1) Based on historic expenditures. 
(2) Includes biosolids land application costs. 
 

Table 6-6 presents the capital cost and the 20-year present worth cost of both the 
alternatives.  Detailed cost estimates are presented in Appendix E.  
 

TABLE 6-6 
 

Annual Operation and Maintenance Costs for Treatment Alternatives 
 

 

Alternative 1 
Supplement Existing 
Oxidation Ditch with  

New Anoxic Tank 

Alternative 2 
New Aeration Basin  

and Abandon  
Existing Oxidation Ditch 

Capital Cost (1) $633,000 $1,386,000 

O&M Cost (2) $244,000 $240,000 
Present Worth Cost (3) $3,949,000 $4,648,000 

(1) From Appendix E. 
(2) From Table 6-5. 
(3) Present Worth Cost = Capital Cost + 20-year present worth cost of O&M cost at 4.0% 

interest rate 
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It is apparent that Alternatives No. 1 and 2 have similar costs for operations and 
maintenance, but Alternative No. 1 has a significantly lower capital cost and present 
worth cost, due to the reuse of the existing oxidation ditch.  The advantage of Alternative 
No. 1 is the lower cost and less difficulty associated with the construction of the 
improvements.  Alternative No. 2 would require deep excavation near the oxidation ditch 
and nearby road, whereas Alternative No. 1 would retain the use of the existing oxidation 
ditch and require a more shallow excavation.  Since the recommended location for the 
new aeration basin would be south of the existing oxidation ditch, the site layout would 
be crowded to fit the necessary structures in the available space if Alternative No. 2 were 
selected. 
 
The primary benefit to selecting Alternative No. 2 is the opportunity to remove the 
oxidation ditch from service and construct a new structure with a smaller footprint and 
less likelihood of leakage compared to the existing oxidation ditch, which may 
potentially leak.  The use of diffused air in Alternative No. 2 lieu of surface aeration 
would result in a slightly higher quality effluent since surface aeration is known to break 
up flocs, reducing the settleability of the sludge.  Finally, the aeration basin in Alternative 
No. 2 could be expanded to address growth beyond the 20-year planning period more 
easily than using the existing oxidation ditch in Alternative No. 1.  
 
Alternative No. 1 is recommended because of the significantly lower capital cost and the 
generally good condition of the existing oxidation ditch, which should be structurally and 
mechanically adequate for the 20-year planning period. 
 
SECONDARY CLARIFIER SPLITTER BOX 
 
The new secondary clarifier splitter box will be constructed to allow the operators to 
adjust the division of wastewater flow to each secondary clarifier.  Flow will enter on one 
side of a concrete structure with a weir bisecting it.  On the downstream side of the 
structure, a series of notches will allow the operator to place a stop gate, thereby dividing 
the structure into two hydraulically separated basins with different weir widths, based 
upon where the stop gate is placed. 
 
To determine the required weir length, the following calculation is used: 
 

 
5.1)(152.2 H

Q
L   

 
Where: 
 Q = peak flow to clarifiers = 0.93 MGD + 0.32 MGD (RAS) 
 L = weir length, ft 
 H = head loss, ft 
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Based upon the existing hydraulic profile, it would appear that the maximum acceptable 
head loss for the splitter box is 0.25 feet at design flow.  Therefore, the weir must be at 
least 4.6 feet long to accommodate the design flows.  Using a factor of safety of 1.2, the 
splitter box will have a length of 5.5 feet.  It is recommended that the splitter box be 
included in the Phase II improvements because the inability to split wastewater flows 
between the two clarifiers is not an immediate concern.  
 
EFFLUENT PUMPS 
 
The new effluent pump in the Operations Building will be identical in capacity to the two 
existing pumps to provide redundancy during periods of high flow.  As addressed in 
Chapter 5, this need for a new pump is not immediate as the improvement is required to 
meet redundancy recommendations.  Consequently, it is recommended that the pump be 
installed during the Phase II improvements. 
 
Table 6-7 presents the design criteria for the new effluent pump. 
 

TABLE 6-7 
 

Effluent Pump Design Criteria 
 

Effluent Pump 
Quantity 3 (1 new) 
Type Vertical Turbine 
Capacity @ TDH 340 gpm @ 44 ft 
Motor 7.5 hp 

 
RAS AND SCUM PUMPS 
 
As discussed in Chapter 5, the RAS pumping system causes an unsanitary working 
environment, a corrosive environment for electrical equipment, and violation of NFPA 
820 standards, primarily due to the use of pumped sludge in lieu of nonpotable water for 
seal water.  The scum pumps contribute to the NFPA 820 issues, although they do not 
contribute to the corrosive and unsanitary conditions.  Although it is possible to address 
these issues with improvements to the building HVAC, it is recommended that the RAS 
and scum pumps be removed from service and new RAS and scum stations be 
constructed near the secondary clarifiers.   
 
Typical RAS flowrates are approximately equal to 50 percent of MMF, which is equal to 
0.16 MGD for the 20-year planning period, or 115 gpm.  The new RAS piping will be 4-
inch in diameter, which at 115 gpm results in a velocity of 2.8 ft/s.  This velocity is 
sufficient to prevent solids from settling in the pipe.  The RAS pumps will be equipped 
with VFDs to allow for better process control, and the pumps may operate at a lower 
flowrate for extended periods of time, resulting in solids settling.  Therefore, when the 
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RAS pump station is constructed, control system improvements will be made to 
periodically speed the RAS pumps up to 100% speed to temporarily increase flow to 
clear the RAS pipes.  
 
The RAS pump station will consist of two pad-mounted RAS pumps.  Each pump will be 
equipped with a casing heater to provide cold weather protection, and all above-ground 
piping associated with the pump station will be heat traced and insulated.  The RAS 
piping will be designed to allow the pumps to be operated in lead-lag fashion so that 
either RAS pump may pump RAS from either clarifier, and it will also allow the pumps 
to be isolated so that the clarifiers can be operated independently in parallel. 
 
The scum pump station will consist of a circular concrete wetwell with a single 
submersible pump.  The scum removed from the surface of both secondary clarifiers will 
be piped to the wet well, which will operate in a fill and draw manner.  The pump will be 
sized to maintain 2 ft/s in the scum piping.  Assuming 4-inch pipe, the required flowrate 
is 80 gpm, which should be adequate capacity. 
 
It is recommended that this work be performed in the Phase I improvements because the 
removal of the RAS and scum pumps from the Operations Building is an immediate 
need.  Table 6-8 presents the design criteria for the RAS and scum pump stations. 

 
TABLE 6-8 

 
RAS Pump Station Design Criteria 

 
RAS Pumps 

Quantity 2 
Type Self-Priming Centrifugal 
Capacity @ TDH 115 gpm @ 25 ft 
Motor 3 hp 
Speed Control VFD 

Scum Pump 
Quantity 1 
Type Submersible Centrifugal 
Capacity @ TDH 80 gpm @ 25 ft 
Motor 3 hp 

Scum Wet Well 
Diameter 4 ft 
Depth 12 ft 



Gray & Osborne, Inc., Consulting Engineers 

City of Soap Lake  6-19 
Engineering Report  January 2013 

AEROBIC DIGESTER AERATION 
 
The existing aerobic digester is equipped with floating aspirating aerators that do not 
provide adequate mixing and oxygen.  Also, their design results in frequent equipment 
breakdowns due to tumbleweeds and rags binding the aerators and causing bearing 
failure. 
 
It is recommended that the existing aspirating aerators be replaced with two floating 
brush rotors, similar to the permanent rotors installed in the oxidation ditch.  This 
technology is recommended because, unlike the existing floating aerators, the floating 
brush rotors would be capable of providing adequate mixing for the tank in addition to 
providing the required oxygen to prevent the digester from becoming anoxic and 
producing odors. 
 
It is anticipated that the new floating brush rotors will not experience the same problems 
as the existing aspirating aerators because of the City’s experience with the brush rotors 
in the oxidation ditch and lack of problems associated with debris binding the aerators or 
bearing failure. 
 
Because the brush rotor will be responsible for providing both oxygen transfer and tank 
mixing, it is necessary to determine which of the two functions requires a larger unit. 
Typical power requirements for mixing with high speed surface aerators vary from 0.1 to 
0.2 hp/1,000 gallons, depending on the type of aerator and the geometry of the basin.  
Therefore, assuming that the digester is operated at a volume of approximately 240,000 
gallons, the horsepower requirements for mixing the digester vary between 24 hp and 48 
hp.  Based upon available aerator sizing, it is assumed that 30 hp will be sufficient. 
 
The oxygen demand of the digester sludge is approximated as 2.0 pounds of oxygen 
required per pound of volatile solids destruction.  As determined in Chapter 5, the 
anticipated volatile solids destruction in the digester is 143 lb/d, resulting in an oxygen 
demand of 286 lb/d.  The floating brush rotors are rated by the manufacturer to provide 
2.3 lb O2/hp/hr, therefore the required horsepower meeting the oxygen demand is 5 hp 
(286 lb/d  2.3 O2/hp/hr  24 hr/d).  The mixing horsepower is therefore used as the 
design basis for the improvements because it is a greater size.  
 
It is also recommended that the digester be equipped with a floating decanter to allow the 
digester to be decanted periodically.  Although the existing digester is equipped with a 
method for decanting, the decanting levels cannot be adjusted, reducing the operator’s 
decanting ability.  
 
It is anticipated that once all of the recommended improvements are made to the digester, 
the City will be able to discharge digested sludge to the sludge drying beds more 
frequently, as the lack of aeration and mixing currently prevents the City from 
discharging frequently without causing significant odor problems.  As a result of the 
improvements, the City will not be required to store digested sludge for long periods of 
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time, and the total sludge volume at any given time can be more easily maintained at the 
desired level.  It is recommended that this improvement be constructed in the Phase I 
improvements because the City has identified this improvement as an immediate need. 
 
Table 6-9 presents the design criteria for the aerators. 

 
TABLE 6-9 

 
Aerobic Digester Aerator Design Criteria 

 
Aerators 
Quantity 2 
Type Floating Brush Rotor 
Rotor Length 8 ft 
Rotor Diameter 27 in 
Motor Size 15 hp 

 
SLUDGE DRYING BEDS 
 
The existing sludge drying beds are projected to have sufficient capacity until 
approximately 2017, assuming that the City grows at the projected annual growth rate of 
1.5%.  To address the need for additional capacity, it is recommended that the City either 
construct additional drying beds or construct a polymer feed system to thicken waste 
sludge to accelerate the drying process.   
 
Alternative 1 - Additional Drying Beds 
 
As addressed in Chapter 5, the required sludge drying bed area for the projected sludge 
production at the end of the 20-year planning period is 12,000 ft2, and the City currently 
has approximately 9,600 ft2 of sludge drying beds.  Therefore, if the City were to 
construct additional sludge drying beds, approximately 2,400 ft2 would be required.  The 
City owns sufficient land north of the existing drying beds to construct the necessary 
capacity, although the existing sludge drying bed piping will require modification to 
integrate new beds. 
 
Table 6-10 presents the design criteria for the paved sludge drying beds. 



Gray & Osborne, Inc., Consulting Engineers 

City of Soap Lake  6-21 
Engineering Report  January 2013 

TABLE 6-10 
 

New Sludge Drying Beds Design Criteria 
 

Sludge Drying Beds  
Quantity 2
Floor Dimensions 60’0” L x 20’0” W
Depth  3 ft
Total Area 2,400 ft2

 
Alternative 2 – Polymer Feed System 
 
A polymer feed system would address the limited sludge drying bed capacity by 
increasing the fraction of water in the digested sludge that drains from the drying beds.  
Based upon operator experience at other wastewater treatment facilities in Eastern 
Washington, it is assumed that the addition of polymer will increase the attainable 
drained sludge solids concentration from 10% to 20%.  The required sludge drying bed 
area is therefore reduced to 483 m2, or 5,200 ft2, which is sufficient for the 20-year 
planning period: 
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Where 
 A = sludge drying bed area, m2 
 S = digested sludge production, dry solids, kg/yr = 409 lb/d =67,700 kg/yr 
 sd = fraction dry solids after gravity drainage = 0.20 (assumed) 
 se = fraction dry solids after evaporation = 0.85 (assumed) 
 ke = reduction factor for evaporation of sludge = 0.60 (typical) 
 Ep = free water pan evaporation rate, cm/yr = 124.5 cm/yr in Soap Lake 
 P = annual precipitation, m/yr = 0.19 m/yr in Soap Lake 
 
The polymer feed system will be located at the aerobic digester, and the chemical 
injection will occur in the gravity line from the aerobic digester to the sludge drying beds.  
To protect the feed system from the weather, the system will be housed in a 
prefabricated, insulated enclosure. 
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Table 6-11 presents the design criteria for the polymer feed system. 
 

TABLE 6-11 
 

New Polymer Feed System Design Criteria 
 

Polymer Feed System  
Quantity 1 
Type of Chemical Liquid Polymer 
Capacity 0.1 – 1.0 gph 
System Enclosure 
Dimensions 6’9” L x 5’4” W 
Heating 500W, 120V Heater 
Cooling 210 cfm Dual Exhaust Fans 

 
Alternative Comparison 
 
It is assumed that the man-hours necessary to operate additional sludge drying beds will 
be approximately equal to the time spent operating the polymer feed system.  However, 
the polymer feed system also requires polymer to be purchased regularly.  The estimated 
cost for polymer is $60 per dry ton of digested sludge, or approximately $4,500/yr. 
 
Table 6-12 presents the capital cost and the 20-year present worth cost of both the 
alternatives.  Detailed cost estimates are presented in Appendix E.  
 

TABLE 6-12 
 

Capital Costs and Present Worth Costs for Drying Alternatives 
 

 
Alternative 1 

Construct Additional  
Drying Beds 

Alternative 2 
Install Polymer  

Feed System 
Capital Cost (1) $71,000 $151,000 

Differential O&M Cost (2) $0 $4,500 
Present Worth Cost (3) $71,000 $212,000 

(1) From Appendix E. 
(2) Actual O&M cost is higher.  Number shown is difference between alternatives 
(3) Present Worth Cost = Capital Cost + 20-year present worth cost of O&M cost at 4.0% 

interest rate 
 
Alternative No. 1 is recommended because of the lower capital cost and lower O&M 
cost.  
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NONPOTABLE WATER SYSTEM 
 
Currently the City uses potable water for all services at the WWTF including wash down 
water and landscape irrigation.  To decrease use of potable water, it is recommended that 
a new nonpotable water pump station be installed at the chlorine contact tank.  The 
nonpotable water equipment will include a chemical storage tank and sodium 
hypochlorite pump for disinfection.  Two vertical turbine pumps for nonpotable water 
supply will be installed for redundancy.  Because this improvement does not meet an 
immediate need, it is recommended that this improvement be constructed in the Phase II 
improvements. 
 
The existing potable water piping configuration does not meet cross connection control 
requirements.  It is recommended that the plumbing be modified to install the necessary 
backflow prevention equipment to bring the facility in to compliance.  Because this 
improvement does not meet an immediate need, it is recommended that this modification 
be constructed in the Phase II improvements. 
 
Table 6-13 presents the design criteria for the nonpotable water pump station. 

 
TABLE 6-13 

 
Nonpotable Water Pump Station Design Criteria 

 
Storage Tank 
Side Water Depth 6 ft 
Volume 10,500 gal 
Nonpotable Water Pumps 
Quantity 2 
Type Vertical Turbine 
Capacity 50 gpm @ 100 ft TDH 
Motor Size 5 hp 
Speed Control VFD 
Sodium Hypochlorite Pump 
Quantity 1 
Type Positive Displacement 
Capacity 1 gph @ 230 ft TDH 

 
PLANT ELECTRICAL SYSTEM 
 
The motor control center and panelboards are over 35 years old and are showing signs of 
corrosion.  Based on the existing loads served from the 240/120 volt service, the existing 
distribution system appears to have the capacity to serve some limited new loads.  
However, the distribution equipment is located in a corrosive environment.  Because of 
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the operating environment, the life expectancy of the motor control center and panels 
may be reduced. 
 
The existing service from Grant County PUD is an unusual voltage, and the PUD no 
longer supports the existing transformer.  Therefore, the City will be required to upgrade 
the transformer either when it fails or when a future WWTF upgrade increases the 
electrical loading at the facility.  For example, the new aeration system at the digester 
will significantly increase the electrical loads at the facility.   
 
Also, the existing power distribution system does not meet the EPA reliability criteria, 
which require each of the plant critical loads to be connected to redundant busses in order 
to prevent a single point of failure on the distribution system.  Since the WWTF does not 
have a source of auxiliary power, the City does not meet the current requirements of their 
SWD permit that requires adequate safeguards that prevent untreated or inadequately 
treated wastes from being discharged.  
 
Three options have been developed to address the electrical deficiencies.   
 
Option 1 
 
This option consists of performing the Phase I capital improvement project while keeping 
the existing 240/120 volt service in place to serve the existing loads.  A new power 
service and distribution system will be installed to serve any new loads, primarily 
consisting of the new loads due to new aeration at the aerobic digester.  This option will 
not include the installation of a new backup generator.  
 
Option 1 is the least costly of the three options presented.  However, there are some risks 
and disadvantages to this option.  The main disadvantage is that this option does not meet 
the requirements of the City’s SWD permit to safeguard against electrical power failures, 
including potential failure of the 35-year old transformer.  It is estimated that the 35-year 
old equipment has approximately 10 years of life remaining.  Although very rare, there is 
a risk that the transformer could fail.  As stated earlier, the PUD no longer supports this 
transformer and, if replaced, the City would be required to upgrade the electrical system, 
including a new distribution system and new MCCs.  If the transformer were to fail, the 
WWTF would be without power for several days and the City would have to perform a 
costly emergency electrical upgrade. 
 
This option also keeps the existing 35-year old electrical equipment in place and adds a 
second power service from the PUD for the digester.  If this equipment fails within the 
next 10 years, the power service will have to be changed at that time. 
 
This option is estimated to cost $130,000 without sales tax, contingency, or engineering. 
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Option 2 
 
This option is the same as Option 1, except that a new backup generator suitable for the 
existing service will be installed. 
 
Option 2 will provide the City with a backup generator to meet the requirements of their 
SWD permit.  The backup generator that would be installed as a part of this project 
would be expensive due to the unusual voltage rating of the electrical power service.  
This option still presents the risk of the need for an emergency electrical upgrade in the 
rare event that the transformer fails.  This option also leaves the existing 35-year old 
electrical equipment in place with a second service to the digesters.  As stated earlier, 
when this existing electrical equipment fails, a new power service will be required. 
 
This option is estimated to cost $250,000 without sales tax, contingency, or engineering. 
 
Option 3 
 
This option consists of upgrading the entire electrical service and distribution system, 
which would include the installation of a new transformer, backup generator with an 
automatic transfer switch, new MCCs, and new VFDs.  This option also includes the 
electrical costs associated with the construction of the Phase I improvement project.  This 
option provides the City with the required power reliability and redundancy.  
Additionally this option has the benefit of providing the City with a single power service 
and new equipment that has a service life of 40 years. 
 
If the City pursues Option 3, the distribution voltage must be selected.  The two 
reasonable options are 208V service and 480V service.  Both options will likely require 
re-wiring or replacing electrical equipment that is currently rated for either 208V or 
480V, but not the other.  Larger gauge wire is required for 208V service, and therefore 
new 208V circuits are more expensive than new 480V circuits.  It is recommended that 
the City select 480V service because it is estimated to be less expensive. 
 
This option is estimated to cost $315,000 without sales tax, contingency, or engineering. 
 
It is recommended that the City proceed with Option 3 because it provides extended 
equipment service life and equipment reliability, and upgrades the electrical system to a 
more conventional voltage that is supplied by the PUD. 
 
PHASE I IMPROVEMENTS 
 
As stated previously, the City has applied for and received funding for a WWTF upgrade, 
and it is anticipated that the City will begin design for the project in the winter of 
2012/2013.  The recommended improvements described above are prioritized based on 
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regulatory requirements, reliability and redundancy levels, operations and maintenance 
considerations, and City preference. 
 
It is recommended that the City include the following improvements in the Phase I 
improvements project:   
 

 Remove influent grinder from service, modify grinder structure, and 
install new mechanical fine screen 

 Modify the effluent sampler to flow-pace with effluent flow 
 Install a new effluent flow meter and calibrate the existing effluent flow 

meter 
 Modify the effluent flow meter piping to provide adequate straight pipe 

lengths 
 Construct new RAS and scum pump stations 
 Install new aerobic digester aeration  
 Rehabilitate and pave the sludge drying beds 
 Modify site electrical to utilize new 480V service 
 Install new emergency generator 

 
It is recommended that the City include a design for the secondary clarifier splitter box 
(and associated piping) and aerobic digester decanter in the Phase I design as Additive 
Bid (Optional with Owner) items.  This plan will allow the City to construct more of the 
desired work if the bids are more competitive than estimated or if the City determines 
that the bid price for the additional work is favorable enough to warrant spending sewer 
reserves on the construction. 
 
PHASE II IMPROVEMENTS 
 
Based upon the remaining recommendations in this Chapter, the scope of work for the 
Phase II improvements consists of: 
 

 Construct new headworks and relocate mechanical fine screen 
 Modify the influent sampler to flow-pace with influent flow 
 Construct bioselectors 
 Construct anoxic basin 
 Install floating aerator in oxidation ditch 
 Construct secondary clarifier splitter box 
 Install additional effluent pump 
 Install floating decanter in aerobic digester 
 Construct additional sludge drying beds 
 Construct nonpotable water pump station 
 Modify plumbing to meet cross connection control requirements 
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If the City continues to experience growth at the design annual growth rate of 1.5%, it is 
recommended that the City begin construction of the Phase II improvements in 
approximately 2017. 
 
Detailed costs for the Phase I and Phase II improvements are included in Appendix E.  
The overall cost of the proposed Phase I project is $1,639,000 (2012 dollars) including 
engineering, tax, and a 25% contingency.  The overall cost of the proposed Phase II 
project is $1,429,000 (2012 dollars) including engineering, tax, and a 25% contingency. 
 
Figures 6-1 and 6-2 show the proposed hydraulic profile and site plan, respectively, once 
Phase II is complete. 
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CHAPTER 7 
 

WATER RECLAMATION AND REUSE EVALUATION 
 
INTRODUCTION 
 
As required by RCW 90.48.112, this Report must evaluate the “opportunities for the use 
of reclaimed water.”  Reclaimed water is defined in RCW 90.46.010 as “effluent derived 
in any part from sewage from a wastewater treatment system that has been adequately 
and reliably treated, so that as a result of that treatment, it is suitable for a beneficial use 
or a controlled use that would not otherwise occur, and is no longer considered 
wastewater.” 
 
Key differences between the requirements for water reuse and those for effluent disposal 
are the levels of reliability required within the treatment process, distribution, and use 
areas.  The State of Washington’s reuse treatment standards call for continuous 
compliance, meaning that the treatment standards must be met on a constant basis or the 
treated water cannot be used as reclaimed water. 
 
ALLOWABLE USES FOR RECLAIMED WATER 
 
The Washington State Water Reclamation and Reuse Standards describe several 
allowable uses of reclaimed water, including: 
 

 Agricultural irrigation; 
 Landscape irrigation; 
 Impoundments and wetlands; 
 Groundwater recharge; 
 Streamflow augmentation; 
 Industrial and commercial uses; and 
 Municipal uses. 

 
Depending upon its end use, there are four categories of reclaimed water: Class A, Class 
B, Class C, and Class D.  Class A has the highest degree of effluent treatment.  In general 
when unlimited public access to the reclaimed water is involved or when irrigation of 
crops for human consumption is the intended end use, the criteria will require Class A 
reclaimed water. 
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REUSE EVALUATION 
 
Factors that could lead a wastewater treatment provider to pursue reclaimed water 
include the following: 
 

 Regulatory Requirements.  Regulatory conditions are such that making 
reclaimed water is a viable option compared to continuing to discharge 
secondary effluent, particularly when there is no viable secondary effluent 
discharge option. 

 Water Rights.  The ability to make and reuse reclaimed water could 
benefit the City’s water rights situation, such as substitution of reclaimed 
water for previous potable water uses. 

 Environmental Benefits.  There can be environmental benefits in the right 
circumstances to making reclaimed water versus secondary effluent, such 
as diversion of pollutants from ground waters. 

 Cost Effectiveness.  The cost to make and reuse reclaimed water can be 
lower than the cost to develop new water rights and potable water supply 
when water sources are limited. 

 
An evaluation of how each of these factors relates to the City’s wastewater treatment 
utility is provided in the following sections. 
 
REGULATORY REQUIREMENTS 
 
At this time, the City is not having difficulty meeting its State Waste Discharge Permit 
requirements.  The City has not had any consent orders or notices of violation in the past 
five years.  The improvements listed in Chapter 6 will correct operational problems and 
projected equipment capacity deficiencies within the 20-year planning period. 
 
Current regulatory requirements do not make production of reclaimed water a more 
viable option than continuing to produce secondary effluent. 
 
WATER RIGHTS 
 
RCW 90.46.120 states that the owner has exclusive right to any reclaimed water 
generated by the wastewater treatment facility.  Consequently, reclaimed water has the 
potential to benefit water purveyors who are water-right deficient.  However, the City 
determined in its 2011 Water System Plan Update that its water rights situation is secure 
and water rights are not an issue at this time. 
 
RCW 90.46.130 states that the facilities that reclaim water shall not impair existing 
downstream water rights unless the impaired water right holder is compensated or 
mitigated.  It is unknown at this time whether diverting some or all of the secondary 
effluent as reclaimed water in lieu of infiltrating it as groundwater will cause impairment 
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to any water rights holder.  Prior to implementing any plans to produce reclaimed water, 
it is recommended that the City study the water rights in the surrounding area to 
determine the impact of pursuing a water reclamation program. 
 
ENVIRONMENTAL BENEFITS 
 
The WWTF currently produces 213 acre-feet per year (ac-ft/yr) of effluent and is 
projected to produce 291 ac-ft/yr in 2031.  The City does not have any large industrial 
users of water that would be capable of utilizing reclaimed water effectively.  Of the 15 
largest water users in the City, all 15 are residential connections, none of which 
consumes more than 1.0% of the City’s total water use.  The City does not have a 
separate irrigation system, therefore there is potential to utilize reclaimed water for 
irrigation, but irrigation is a seasonal use, and the City does not have another use for 
reclaimed water during the months of the year where irrigation is not utilized.  There are 
little environmental benefits in utilizing reclaimed water to replace this irrigation 
demand.  The additional electricity required to produce reclaimed water year-round to 
address this seasonal demand would actually create a negative environmental benefit. 
 
COST EFFECTIVENESS 
 
The following additional improvements will be required at the WWTF to produce Class 
A reclaimed water.  These improvements are in addition to the improvements included in 
Chapter 6. 
 

 Effluent filtration equipment 
 Effluent pump station to pump the effluent from the filtration equipment 

to the beneficial use sites 
 UV disinfection system 
 Building to house the filtration equipment and UV disinfection system 
 Lined storage ponds 
 SCADA improvements for additional reliability considerations 
 Bypass valves and piping.  This analysis assumes that the reclaimed water 

facility will bypass to the infiltration basins during periods that the facility 
does not meet reclaimed water standards. 

 
The estimated capital cost for producing reclaimed water is $7,160,000 (Appendix E) or 
approximately $33,615 per ac-ft ($7,160,000 / 213 ac-ft first year production).  The 
City’s existing operating cost for its water system to produce 213 ac-ft/yr is $205,000/yr, 
or approximately $962/acre-ft.  Therefore, it is not cost effective to produce reclaimed 
water. 
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SUMMARY 
 
Evaluation of the potential for water reclamation and reuse indicates that it is not cost 
effective, and there are no regulatory or environmental needs to pursue water reclamation 
or reuse.  Furthermore, the City currently infiltrates its effluent to groundwater; therefore 
the City has already implemented water reclamation.  As such, the production of 
reclaimed water is not recommended. 
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CHAPTER 8 
 

FINANCING 
 
INTRODUCTION 
 
This chapter presents a plan for financing the capital improvements recommended in 
Chapter 6.  This chapter includes a review of the City’s current financial status, available 
revenue sources, allocation of revenues, and the impact of the recommended capital 
improvement plan on sewer rates. 
 
EXISTING SERVICE RATES AND CONNECTION CHARGES 
 
The City collects revenue through connection charges and service rates that are 
established by Soap Lake Municipal Code.  The City has two classifications of 
customers: residential and commercial.  Apartment complexes are considered 
commercial units.  Table 8-1 presents the sewer service rates for the City.  The rates were 
raised by $8.50 per month in May 2011 to prepare for the Phase I capital improvements 
described in Chapter 6 and by $2.50 in May 2012 to address operating shortfalls. 
 

TABLE 8-1 
 

Sewer Service Rates 
 

Classification Base Rate Volume Charge 
Residential $36.20 N/A 
Commercial $26.82 $1.53 per 100 cu. ft (1) 
Standby $7.14 N/A 

(1) Volume charge is calculated based upon water use at the property 
 
Connection charges are also defined by the Soap Lake Municipal Code.  A connection to 
the City’s collection system requires a payment of $250 plus the cost of materials and 
installation.  At this time the City does not assess new customers a general facility charge 
(GFC) for contributing to the cost of existing and planned improvements. 
 
HISTORICAL OPERATIONS 
 
Revenues and expenditures in 2010 and 2011 for the City’s sewer utility are summarized 
in Table 8-2.  Like many Washington cities, Soap Lake has historically combined its 
water and sewer systems into a single combined utility, although revenues and expenses 
for water and sewer have been tracked separately to fund the combined fund 
appropriately for the separate services.  Soap Lake also includes its mineral water system 
in its combined utility. 
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Since 2005, the City’s combined utility fund has slowly declined as expenses have 
generally exceeded revenues.  The City raised sewer rates in May 2011 and May 2012 to 
prepare for future projects and to address the operating shortfall, respectively.  The sewer 
utility has an annual debt payment of $57,003 for the financing of the 2001 WWTF 
upgrade, and this loan is anticipated to be paid in full in 2021. 
 

TABLE 8-2 
 

Historical Revenues and Expenditures 
 

Revenues 2010 2011 
Sewer Service Charges 232,491  285,890  
Sewer Connections Fees 329  329  
Transfer to Reserves - (11,400) 
Other Revenue 1,522  12,267  
Total Revenue 234,342 287,086 
Expenses   
Admin Salaries and Benefits 24,673 25,373 
Admin Expenses 32,863 40,213 
Operation Salaries and Benefits 107,905 99,297 
Operation Expenses 88,784 57,283 
Sewer Equipment 1,302 - 
Total Expenses 255,527 222,166 
Debt Service   
DOE Loan (WWTF)       57,003        57,003  
Total Debt Service       57,003        57,003  
Summary   
Income/Loss (78,188) 7,917  
Beginning Cash 244,425  166,237  
Ending Cash (Reserves) 166,237  174,154  

 
As illustrated above, the City’s rate increase in May 2011 significantly increased 
revenues for the sewer system, and revenues are anticipated to be higher in the future as 
Table 8-2 does not reflect a complete year of increased rates, nor does it reflect the rate 
increase in May 2012.  It is anticipated that based upon approximately 800 ERUs in the 
system, the City’s annual revenue from sewer rates will be approximately $337,000 in the 
future ($286,000 + ($8.50 * 4 months * 800 ERU) + ($2.50 * 12 months * 800 ERU)).  
Assuming average annual expenses of $295,000 including DOE debt service, the City’s 
existing sewer rates will provide an operating surplus of approximately $42,000 for 
future debt service. 
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CAPITAL IMPROVEMENT PROGRAM 
 
Chapter 6 detailed the following projects: 
 

 Phase I – This project will consist of a new mechanical fine screen, 
effluent flow meter, RAS and scum pump stations, new aeration in the 
aerobic digester, rehabilitation and paving of the sludge drying beds, 
installation of an emergency generator, and electrical upgrades to change 
the electrical service to the WWTF.  The estimated cost is $1,639,000 
including sales tax, contingency, and engineering.  

 
 Phase II – This project consists of a new headworks including relocation 

of the mechanical fine screen, new anoxic basin, bioselectors, aeration in 
the oxidation ditch, secondary clarifier splitter box, additional sludge 
drying beds, nonpotable water pump station, effluent pump, modification 
of Lift Station No. 2, and modification to site plumbing.  The estimated 
cost is $1,429,000 including sales tax, contingency, and engineering. 

 
The City is currently on the award list for the PWTF program for funding of the design 
and construction of the Phase I improvements, and it is assumed that the funding will be 
available in the fall of 2012 to begin design.  PWTF funding requires approximately 
$5,500 in annual debt service per $100,000 in loan, which results in an anticipated debt 
service of approximately $81,300 for the $1,478,200 loan.  The remaining $160,800 
($1,639,000 - $1,478,200) will therefore be necessary for the City to finance through 
sewer reserve funds. 
 
As addressed above, the City is projected to have an operating surplus of approximately 
$42,000 available for debt service of the Phase I improvements.  Therefore, the 
remaining annual $39,300 in debt service will require an additional rate increase of 
between $4 and $5 per month.  It is recommended that the rate increase be established 
prior to beginning construction of the improvements to allow the City to establish 
sufficient reserves to fund the portion of the capital improvements not funded through the 
PWTF loan.  
 
It is estimated that the Phase I work will be constructed in 2013 - 2014, and the City will 
not pursue funding for Phase II concurrently with the Phase I work.  The work to be 
completed in Phase II is primarily required to address deficiencies in redundancy or a 
projected lack of capacity.  The City should be capable of meeting its discharge permit 
limits in the interim if process equipment does not fail or otherwise become unavailable 
before the City constructs the Phase II improvements.  As addressed in Chapter 6, 
additional sludge drying bed volume and the anoxic basin are projected to become 
necessary in approximately five to six years if the City continues to grow at the projected 
rate.  Therefore, it is recommended that the City plan to begin applying for funding for 
the Phase II improvements in 2015.  This schedule should provide the City with enough 
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time to apply for and receive funding, secure funding, design, and construct the 
improvements before they become necessary. 
It is likely that the funding terms and eligibility requirements for the various funding 
programs will be different when the Phase II improvements are designed and constructed, 
but based upon current funding conditions, it is projected that the debt service for Phase 
II will be between approximately $70,000 and $90,000 per year.  The rate increase for 
this debt service is projected to be between $8.00 and $10.00 per month, dependent upon 
population growth and availability of favorable funding.  The City may be able to defray 
much of this cost by adopting General Facility Charges that require new connections to 
pay a share of the cost of growth-driven improvements. 
 
FINANCING OPTIONS 
 
PUBLIC WORKS TRUST FUND 
 
The Public Works Trust Fund is a revolving loan fund designed to help local 
governments finance needed public works projects through low-interest loans and 
technical assistance.  The PWTF, established in 1985 by legislative action, offers loans 
up to $15,000,000 at interest rates substantially below market, payable over periods 
ranging up to 30 years.  Interest rates vary between 0.50% and 2.00%, with lower rates 
associated with shorter repayment terms. 
 
To be eligible, an applicant must be a local government such as a City, Town, County, or 
special purpose utility district, and have a long-term plan for financing its public works 
needs.  If the applicant is a Town, City, or County, it must adopt the ¼ percent real estate 
excise tax dedicated to capital purposes.  Eligible public works systems include streets 
and roads, bridges, storm sewers, sanitary sewers, and domestic water.  Loans are offered 
for purposes of repair, replacement, rehabilitation, reconstruction, or improvement of 
existing service users.  Since 1999, eligible projects may be designed to accommodate 
reasonable growth.  This is generally the 20-year growth projection included in the local 
government’s comprehensive plan under the Growth Management Act (GMA). 
 
USDA RURAL DEVELOPMENT 
 
USDA Rural Development (RD) has a loan program that, under certain conditions, 
includes a limited grant program.  Grant determination is based on a formula that 
incorporates existing utility debt service and existing utility service rates. 
 
In addition, RD has a loan program for needy communities that cannot obtain funding by 
commercial means through the sale of revenue bonds.  The loan program provides long-
term 30- to 40-year loans at an interest rate that is based on federal rates and varies with 
the commercial market. 
 
STATE REVOLVING FUND / CENTENNIAL CLEAN WATER FUND 
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In 1986, the Washington State Legislature established the Centennial Clean Water Fund 
(CCWF) and State Revolving Fund (SRF).  The Department of Ecology is managing a 
portion of these funds and ensures that the funds are distributed fairly between the best 
projects and that those projects address the State’s highest priority water pollution control 
problems.  The Legislature directed that the CCWF and SRF be used to finance the 
planning, design, acquisition, construction, and improvement of water pollution control 
facilities and activities. 
 
The primary program requirements are to have an approved facilities plan for treatment 
works and to demonstrate the ability to repay loans through a dedicated funding source.  
Ecology evaluates projects based on the severity of the existing water quality condition 
or the potential threat to the water quality of a specific body of water, the means of 
assuring that the project will achieve its intended purpose, and the water quality benefit 
that would result from the project.  Ecology also considers public health emergencies.  If 
the Washington State Department of Health declares a public health emergency, 
consideration is given to whether the proposed project will directly address and correct 
that emergency.  Emergency funding may be applied for throughout the year. 
 
Grant money is available only to those who can document hardship.  Financial hardship 
is demonstrated if the proposed project will result in a user charge in excess of two 
percent of the median household income.  Table 8-3 summarizes the qualifications for 
financial hardship per the most recent funding cycle. 
 

TABLE 8-3 
 

Ecology Grant/Loan Hardship Funding 
 

Sewer User Fee 
Divided by MHI (2) 

Below 2.0% 
2.0% and 
above, but 

below 3.0% 

3.0% and 
above, but 

below 5.0%. 

5.0% and 
above 

Hardship Designation Non-Hardship 
Moderate 
Hardship 

Elevated 
Hardship 

Severe 
Hardship 

Grant Hardship 
Funding Continuum 

0% Grant 
50% Grant  
(up to $5 
million) 

75% Grant  
(up to $5 
million) 

100% Grant  
(up to $5 
million) 

Loan Hardship 
Funding Continuum (1) 

Loan at 60% of 
market rate 

Loan at 40% of 
market rate 

Loan at 20% of 
market rate 

Loan at 0% 
interest 

(1) This is the percent of the average market rate for tax exempt municipal bonds. 
(2) Median Household Income. 

 
At a median household income of $29,583 (2010 Census), the City would have to have a 
rate of approximately $49.31 per month in order to qualify for any Ecology hardship 
funding. 
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STATE AND TRIBAL ASSISTANCE GRANTS 
 
State and Tribal Assistance Grants (STAG) are available through the U.S. EPA.  This 
funding is part of EPA’s overall appropriations that include the state revolving fund 
program (which in Washington State is distributed through Ecology’s State Revolving 
Fund), tribal funding programs, and other EPA funding programs.  Money is appropriated 
on a case-by-case basis, and usually requires that the municipality request intercession 
from its federal congressional legislators on behalf of its project.  At this time, there is no 
formal application process.  Funding is approved as a separate appropriation in EPA’s 
annual budget. 
 
COMMUNITY ECONOMIC REVITALIZATION BOARD 
 
This low interest loan and grant program is sponsored by the Department of Trade and 
Economic Development.  Funding is available for infrastructure that supports projects 
that will result in specific private developments or expansions in manufacturing, and 
businesses that support the trading of goods and services outside the state border.  
Funding is not available to support retail shopping developments or acquisition of real 
property.  The projects must create or retain jobs.  The average is one job per $3,000 of 
Community Economic Revitalization Board (CERB) financing.  The interest rate 
fluctuates with the state bond rate.  It is unlikely that the capital projects outlined in this 
plan would qualify for CERB funding. 
 
UTILITY LOCAL IMPROVEMENT DISTRICTS 
 
Another potential source of funds for capital projects can be obtained through the 
formation of Utility Local Improvement Districts (ULIDs) involving a special assessment 
made against properties benefiting by the project.  ULID bonds are further backed by a 
legal claim to the revenues generated by the utility. 
 
Sewer system expansion is a frequent application of ULID financing.  Typically, ULIDs 
are formed by the jurisdiction at the written request (by petition) of the property owners 
within a specific section of the service area.  Upon receipt of a sufficient number of 
signatures or petitions, and acceptance by the council, the local improvement area is 
formed.  Therefore, a sewer system is designed for that particular area in accordance with 
a sewer comprehensive plan.  Each separate property in the ULID is assessed in 
accordance with the special benefits the property receives from the water or wastewater 
system improvements.  An area-wide ULID could form part of a financing package for 
large-scale capital projects such as sewer line extensions or replacements that benefit all 
residents within the service area.  The assessment places a lien on the property that must 
be paid in full upon sale of the property.  ULID participants have the option of paying 
their assessment immediately upon receipt, thereby reducing the portion of the costs 
financed by the ULID bonds. 
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The advantages of ULID financing, as opposed to rate financing, to the property owner 
include: 
 

 The ability to avoid interest costs by early payment of assessments 
 
 If the ULID assessment is paid in installments, it may be eligible to be 

deducted from federal income taxes. 
 
 Low-income senior citizens may be able to defer assessment payments 

until the property is sold. 
 
 Some Community Block Grant funds are available to property owners 

with incomes near or below poverty level. 
 
The major disadvantage to the ULID process is that it may be politically difficult to 
approve formation.  The ULID process may be stopped if 40 percent of the property 
owners protest its formation.  Also, there are significant legal and administrative costs 
associated with the ULID process, which increases total project costs by approximately 
30 percent over other financing options. 
 
GENERAL OBLIGATION BONDS 
 
The City, by special election, may issue general obligation bonds to finance almost any 
project of general benefit to the City.  Assessments levied against all privately owned 
properties within the City will pay for the bonds.  This includes vacant property that 
otherwise would not contribute to the cost of such general improvements.  This type of 
bond issue is usually reserved for municipal improvements that are of general benefit to 
the public, such as arterial streets, bridges, lighting, municipal buildings, firefighting 
equipment, parks, and water and wastewater facilities.  Because the money is raised by 
assessment levied on property values, the business community also provides a fair share 
of funds to pay off such bonds. 
 
General obligation bonds have the best market value and carry the lowest interest rate of 
all type of bonds available to the City. 
 
Disadvantages of general obligation bonds include the following: 
 

 Voter approval is required which may be time-consuming, with no 
guarantee of successful approval of the bond. 

 
 The City would have a practical or legal limit for the total amount of 

general obligation debt.  Financing large capital improvements through 
general obligation debt reduces the ability of the utility to issue future debt 
for projects such as parks and community facilities that cannot be directly 
funded through enterprise funds. 
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STATE WASTE DISCHARGE PERMIT 



















































































































































APPENDIX B 
 

SEPA 
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DMR’S 
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2007 AND 2008 WWTF REVIEW LETTERS 
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COST ESTIMATES 
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