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Executive Summary
This update to the 2015 General Sewer Plan (GSP) was completed in coordination with Clark Regional 
Wastewater District and Clark County’s planning processes. The update to the 2015 GSP also updated 
the model calibration to consider a series of significant rainfall events that occurred in December 2015. 
December of 2015 had a total rainfall of 18.1 inches whereas recent historical maximum month rainfall 
totals were 12.1 inches. This significant increase in rainfall resulted in observed maximum day flows that 
were considered statistically significant and therefore calibration to these events is included.

The 2015 General Sewer Plan was prepared in coordination with the City of Battle Ground’s 
Comprehensive Planning process. The sewer plan provides the necessary documentation to demonstrate 
that the City can accommodate the estimated long term growth described within the comprehensive plan. 
The planning process is a high level review of sewer adequacy and schematic level design for future 
improvements. In coordination with the Growth Management Act, Department of Commerce Guidelines 
and the Department of Ecology Orange Book, this sewer plan provides information related to the existing 
sewer system, an evaluation of potential growth on the sewer infrastructure, and a review of financial 
capability to support and construct necessary improvements.Since the previous sewer plan, completed in 
2007 and formally adopted by Ecology in 2011, the City has experienced a period of rather slow growth.

As a result the sewer service area is largely similar to that of 2007. Smaller infill projects and a few spots 
of commercial development have occurred, but the City has not experienced the aggressive growth that it 
had prior to 2008. The urban growth area assumed in development of this plan excludes the City’s 
previous proposal to add an additional 80-acres to the Urban Growth Area. 

The population data was largely obtained from the County for expected growth within the existing Urban 
Growth Area. The analysis for sewer capacity considered the following items:

 Overall City-wide residential population growth for determining growth impacts on large city-
wide sewer systems.

 Proposed zoning data and developable land analysis to determine sizing for gravity sewers and 
smaller neighborhood sewer systems.

A hydraulic model was prepared using Hydra 7.1 software to generate sewer flows and simulate system 
hydraulics. The model included all key infrastructure elements that require improvements identified within 
this plan. The model also using a 48-hour analysis duration to model flow attenuation in the system, as 
well as predict peak factors and system performance. Model was calibrated within 1% error for the 
maximum 24-hour design event.

Flow monitoring data was used in the development of the diurnal curves. The dry-weather diurnal curves 
were obtained from a study completed in April 2012. Additionally, pump station meter records were 
obtained for the 7-year study period and were used to determine model inputs and confirm assumptions 
behind the sewer model.

The model showed that under current flows the gravity conveyance system has sufficient capacity for the 
existing condition. Pump Station No. 8, Winchester Ranch, was shown to be at or nearing capacity and 
requires a short-term upgrade. Model results for the 2035 condition showed that improvements to the 
existing collection system are needed. These improvements are detailed in the plan but largely are not 
unexpected based upon previous sewer plans and studies conducted in the City. A long term sizing 
analysis was completed for an assumed 50-year boundary. The resulting 50-year sizing was only applied 
and shown for the gravity sewers.

The transmission station, transmission force main, and downstream interceptors are discussed generally 
throughout the report. A regional sewer Alliance was formed and will be completing capital upgrades and 
assessments of the transmission force main and downstream system as part of their planning process. 
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The transmission station does require an upgrade within the planning period and that improvement has 
been identified. 

In general the City’s sewer system, with the projects identified within, can serve the anticipated 
development and growth that is projected for the next 20-years. It is recommended that the City update its 
6-year Capital Improvement Program every year based upon the results of additional flow monitoring 
records and system assessments to make the best use of capital funds.

A detailed summary of capital improvement projects is included in Section 9. The City maintains a 
detailed project list that contains the projects that have been determined to be SDC creditable. 

 



 

City of Battle Ground | 2015 General Sewer Plan, Rev 6/2017 1

1. Introduction and Purpose
The purpose of this general sewer plan (plan) update is to provide a sustainable and economic approach 
for the operation, management, and extension of the wastewater collection system of the City of Battle 
Ground (City). The City of Battle Ground is located in central Clark County, Washington and shown in 
Figure 1-1.

The previous plan was prepared in 2007 and requires updating to comply with Clark County (County) and 
the City’s comprehensive planning processes currently underway. The City has not developed as 
anticipated because of the Great Recession that began in 2008.

The plan relied heavily upon expensive off-site improvements driven by significant and on-going growth. 
The plan requires updating to adjust growth rates and capture current population trends and the proposed 
improvements must be adjusted to be more sustainable. 

1.1 Background and Need
The City owns and operates a wastewater collection system to manage the wastewater needs of the 
community. The City’s system is a conventional sewer system with a series of gravity sewer mains and 
pump stations. Topographically, the City is fairly flat and the system therefore requires a significant 
number of pump stations. The City pumps its wastewater from a transmission station before discharging 
into the collection system operated by the Clark Regional Wastewater District (CRWWD), the regional 
sewer district. 

CRWWD is the administrative lead under contract with the Discovery Clean Water Alliance (Alliance) 
which owns the conveyance system from the City’s transmission station to the Salmon Creek Wastewater 
Treatment Plant (SCWTP). The treatment plant eventually discharges treated wastewater to the Columbia 
River. The City purchases conveyance and treatment plant capacity from the Alliance through an 
interlocal agreement.

A number of changes have occurred with the City since the last plan update in 2007. The significant 
changes since 2007 include an expansion of the Urban Growth Boundary (UGB), dramatically lower than 
anticipated growth rates, and participation by the City in the formation of a regional sewerage agency 
(Alliance) spearheaded by CRWWD; the regional agency is responsible for the transmission system, 
regional conveyance systems and the future operation of the SCWTP. The County will continue to 
operate the SCWTP. 

State law (Revised Code of Washington 90.48.110) requires the review and approval of general sewer 
plans by the Washington State Department of Ecology (Ecology). General sewer plans are required to be 
sufficiently complete such that engineering reports can be developed from them without substantial 
alternations of concept. The plan must address all of the required elements included in Washington 
Administrative Code (WAC) 173-240-050. 

1.2 Growth Management Compliance
Clark County identified urban growth areas (UGA) for all of the cities within the county. The UGA 
assigned to the City of Battle Ground is shown on Figure 3 1. Additionally, portions of the UGA within the 
City and those outside city limits but currently served by CRWWD are shown in Figure 4 2. This plan 
addresses the coordination between the City and CRWWD and includes a brief summary of anticipated 
growth for those service areas as well. 

This general sewer plan shows how sewer service will be extended throughout the City’s UGA in 
accordance with the Growth Management Act (GMA). Table 1-1 identifies the sections of the plan that 
satisfy the minimum requirements of RCW 36.70A.070 (3) for capital facility planning.
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Table 1-1. Growth Management Act Requirements

Growth Management Act Requirements Plan Section

RCW 36.70A.070 (3)(a)
An inventory of existing capital facilities owned by public 
entities, showing the locations and capacities of the 
capital facilities

Section 4.0
Existing Facilities

RCW 36.70A.070 (3)(b)
A forecast of the needs for such capital facilities

Section 6.3.4
Wastewater Flow Projection by Basin

RCW 36.70A.070 (3)(c)
The proposed locations and capacities of expanded or 
new capital facilities

Section 7.6
Collection System Capital Improvements

RCW 36.70A.070 (3)(d)
An at least 6-year plan to finance such capital facilities 
within the projected funding capacities that clearly 
identifies sources of public money for such purposes

Section 10.0
Financial Implications

RCW 36.70A.070 (3)(e)
Requires the reassessment of the land use element if 
probable funding falls short of meeting existing needs; 
intended to ensure that the land use element, capital 
facilities plan element, and capital facilities financing plan 
are coordinated and consistent

City’s Comprehensive Plan Section 10

1.3 Scope of Work
The scope of work for this plan includes the following:

 Review Available Data – Collect and review all pertinent flow data for the City’s collection 
system to complete the analysis of existing and projected flow rates per unit.

 System Mapping – Using the existing system map, add additional sewer system from as-built 
data provided by the City.

 Wastewater Flow Analysis – Analyze flow rates for the City for each pump station and 
transmission system and determine flow projections for the study periods.

 Collection System Analysis – Update City’s hydraulic model using City-provided as-built data. 
Analyze system performance for deficiencies under current and future scenarios.

 Collection System Improvements – Identify collection system improvements required for 
maintenance and operation and for developer extension and expanded sewer service area.

 Capital Improvement Plan – Develop a 6-year capital improvement plan (CIP) of 
recommended wastewater collection system improvements. The CIP will include project 
descriptions, anticipated implementation schedules, and project delivery costs.

 Update General Sewer Plan Document – Provide a newly formatted and organized general 
sewer plan.

 Financial Summary – Review and summarize existing sewer related development and 
maintenance related costs including system development charges, rates, and regional fees.
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2. Goals and Policies
2.1 Approach
Chapter 13.137 of the BGMC deals with the pretreatment of industrial and commercial wastewater. The 
chapter states an objective to generally prevent the introduction of pollutants into the sanitary sewer 
system that would be harmful to the receiving waters and the treatment plant itself. Pollution control is to 
be implemented through regulation and control of the quantity and quality of wastewater discharged by 
industrial and commercial users which requires pre-treatment in accordance with the Federal Clean Water 
Act of 1977, the General Pretreatment Regulations (40 CFR 403), and any subsequent amendments. The 
objectives of this title of the BGMC are to:

 Protect the health, safety, and welfare of the publicly owned treatment works and its personnel 
and general public;

 Avoid or abate public nuisances;
 Make provisions for the collection and treatment of all wastewater generated by domestic and 

non-domestic sources under the jurisdiction of the City;
 Protect the City’s wastewater collection system from pollutants which may interfere with the 

operation of the system or contaminate the sludges or other waste products generated by the 
downstream treatment works;

 Prevent pollutants from entering the collection system and downstream treatment works which 
could pass through the system, inadequately treated, into the receiving waters (Columbia 
River); and

 Generate sufficient revenues to operate, maintain, repair, improve, and construct the 
wastewater collection and treatment system.

2.2 Utility Management and Operation
The City wastewater facilities are managed by the Department of Public Works. Key personnel 
responsible for the management and operations of the sewer utility are listed in Table 2-1.

Table 2-1. Sewer Management & Operations Staff

Staff Title Assigned Staff

Public Works Director Scott Sawyer, PE

City Engineer Mark Herceg, PE

Public Works Supervisor Don Ristro
Rich Wanke

2.3 Cooperation and Coordination
The City has a long cooperative relationship with CRWWD, which operates two septic tank effluent pump 
(STEP) systems within unincorporated Clark County that discharge directly to the City’s transmission 
station. The Hockinson STEP system is located to the southeast of the City and serves a small rural 
center including properties owned by the Hockinson School District. The Meadow Glade STEP system is 
located southwest of the City core, with portions of the Meadow Glade service boundary contained within 
the City limits and UGB. 



 

City of Battle Ground | 2015 General Sewer Plan, Rev 6/2017 5

The City has a formation agreement with the Discovery Clean Water Alliance1 (Alliance) for the ownership 
and maintenance of the transmission force main and conveyance systems extending from the City’s 
transmission pump station. Currently under the formation agreement the infrastructure is owned by the 
Alliance and operated by Clark County. The formation agreement also addresses the City’s capacity 
allocation for the SCWTP. The agreement for the Alliance is included in Appendix E.

2.4 Sewer System Design
Ecology establishes statewide standards for the design of wastewater facilities and construction. The 
standard, Criteria for Sewage Works Design (Orange Book) (current edition), is the basis for the City’s 
sewer system design.

The City supplements the Orange Book with its own standards (see section 5.6.2). Additionally, the City 
has established a set of sanitary sewer standard details for use during the engineering design and 
construction process. The Standard Specifications for Road, Bridge & Municipal Construction as prepared 
by the Washington State Department of Transportation are the adopted materials and construction 
methods for the City. Sewage pretreatment is addressed separately by BGMC Chapter 13.137.

2.5 Operations and Maintenance
The City will maintain and operate the collection system in accordance with Ecology requirements. The 
Public Works Department is tasked with operating and maintaining the facilities.

Sanitary sewer pump stations will be maintained in accordance with the requirements of Chapter C2 of 
the Orange Book. The primary design consideration required by this reference is that stations be sized for 
a 20-year useful life and be able to provide peak design flow with the largest pump-out of service. The 
City defines peak design flow as the peak hour flow projected for the 20-year planning horizon.

Interceptor and trunk sewers will be maintained to exceed the standards of Chapter C1 of the Orange 
Book. The City’s adopted design standards require pipe capacities to convey 75 percent of the peak hour 
flow for the 20-year planning horizon.

The design of the sewer collection system will be based on conveying all wastewater resulting from the 
projected effects on the sewer system resulting from wet weather effects including infiltration and inflow 
(I&I). Collection system design standards include the addition of an I&I factor provided in gallons per acre 
per day (GPAD) for the maximum day flows. Surcharging of manholes may occur during instantaneous 
peak flow rates during maximum day events. Overflows to surface water or to ground are to be avoided 
during all design storms, including the 100-year rainfall event. 

2.6 Financial Policies
Rates: The City will maintain and update a sewer rate structure adequate to fund routine sewer 
operations, maintenance, administration costs including service debt obligation, and to accumulate an 
appropriate reserve fund.

System Development Charges: The City will update the sewer connection charge periodically to reflect 
the equitable value of facilities of general benefit to the sewer system. In particular, the system 

1 The Discovery Clean Water Alliance includes the City of Battle Ground, Clark County, Clark Regional Wastewater 
District, and the City of Ridgefield. The Alliance came together to determine the optimum long-term framework for 
delivery of regional wastewater transmission and treatment services to the urban growth areas in the central portion 
of Clark County. The members of the Alliance will jointly own and jointly manage regional wastewater assets through 
a formation framework established under the Joint Municipal Utility Services Act (RCW 39.106).
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development charges (SDCs) are intended to cover the cost to the City of building infrastructure which 
benefits an area greater than the proposed development—including identified pump stations, force mains, 
and gravity sewers—that are necessary to support development.

Regional Charges: Periodically, the City will participate with the Alliance to re-evaluate the City’s regional 
development charge. The Alliance will develop an overall capital improvement plan for the infrastructure 
owned by the Alliance. Proportionate shares of capacity will be negotiated between the City and the 
Alliance as the basis of the regional development charge.

Special Charges: Under the direction and approval of the City Council, the City may develop one or more 
special charges applicable to the cost of sewerage facilities for new development within a defined benefit 
area.

Onsite Septic Sewer Systems: Individual property owners are responsible for the operation and 
maintenance of their existing onsite sewer systems in accordance with applicable state and county 
regulations. The Clark County Health Department administers and enforces the regulation of onsite 
sewerage systems.
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3. Sewer Service Area
3.1 Urban Growth Area
The City of Battle Ground is located approximately 15 miles northeast of Vancouver, Washington in Clark 
County. The study area comprises the City and the undeveloped areas surrounding it; these include rural 
housing, estate style lots, forest, and farms. The current City limits encompass approximately 5,140 
acres.

The UGA remains largely unchanged from the 2007 comprehensive plan. Figure 3-1 shows the 
comprehensive plan designations within the City’s UGA. The UGA represents an additional 1,680 acres 
that, when annexed, will be part of the City. If the entire UGA is annexed within the 20-year planning 
horizon, the total acreage of the City will be 6,820 acres.

A large number of parcels inside the City limits and UGA remain undeveloped or underutilized. 
Approximately 25 percent of the City’s population is not connected to the City’s sewer system. These 
developed yet unconnected parcels continue to onsite sewage systems. A portion of the City and UGA is 
overlapped by the Meadow Glade sewer service area, which is served by the CRWWD. Figure 4-2 shows 
the limits of the Meadow Glade service area.

3.2 Topography and Natural Features

3.2.1 Topography
The topography of the study area is relatively flat, slightly sloping to the south-southwest, with elevations 
ranging between 270 and 350 feet above mean sea level. Tukes Mountain, located east of the City, 
features the only steep slopes in the area. Rising over 600 feet in elevation, a significant portion of the 
mountain lies within the UGA.

The Woodin Creek, Salmon Creek, Mill Creek, and Lewis River drainages provide minor topographic 
relief to the north, south, and west of the City. For further discussion, see section 3.2.5. The topography 
of the planning area and surface water bodies is shown in Figure 3-2.

3.2.2 Climate
Battle Ground has a mild climate typical of the valleys between the Coast Range and Cascade Range in 
Oregon and Washington. Precipitation averages approximately 52 inches annually, most of which falls in 
a 6-month period, November through April. 

3.2.3 Soils
Based on the Soil Survey of Clark County, Dollar loam and Hockinson loam represent most soil 
conditions within the study area. These soils, developed in deposits of old Columbia River alluvium, are 
characterized by their low permeability and moderate to high corrosivity. These soil characteristics are 
conducive to the development of wetlands, which are common in the Battle Ground area.

Tukes Mountain consists of soils in the Olympic Series. These soils are well-drained, gently sloping to 
moderately steep soils, underlain by basalt bedrock at a depth of 40 inches or more, and are 
characterized by their moderately slow permeability and moderate to high corrosivity. These soils were 
formed in weathered igneous lava of the Boring Lava upwelling that formed Tukes Mountain.
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3.2.4 Groundwater
The groundwater resources in the Battle Ground area are generally good within the Pleistocene alluvial 
deposits, the Upper Troutdale formation, and the Sandy River Mudstone formation. The Upper Troutdale 
formation provides the bulk of the high quality water in the area, with a static water table near the 250-foot 
elevation.

Compared to most other cities in the area, Battle Ground is unusual: groundwater (perched or otherwise) 
is shallow for much of the wet weather months. Most of the City is located in an area that originally had 
significant wetlands, which has great significance relative to the City’s problems with I&I. Battle Ground’s 
sewers, both main line and house laterals, are submerged for extended periods during the wet weather 
months. In cases like this, sewers are prone to high levels of infiltration. Another consequence of high 
groundwater is that during wet weather, water often ponds in yards and under homes, a circumstance 
that tempts homeowners to improve drainage by making illegal connections to house sewers.

3.2.5 Surface Water
The main surface water features in the Battle Ground UGA are Woodin Creek and Salmon Creek. Woodin 
Creek flows north-south through the City and into Salmon Creek. Salmon Creek is located in the 
southeast corner of the UGA and flows from east to west, eventually discharging into the Columbia River. 
Mill Creek is located in the western portion of the UGA and flows to the west. The East Fork Lewis River 
is less than a mile north of the existing city limits but is outside the Battle Ground UGA.

3.3 Water Systems
The City developed its water system beginning in 1954. The system is shown in Figure 3-3. The water 
source for the system is groundwater obtained from eight production wells. In general, the wells are an 
excellent source of high quality water. In past years, the City has used interties with Clark Public Utilities 
and the Battle Ground High School system to supplement their water supply. Treatment in the form of 
disinfection is provided by chlorination systems.

The City’s distribution system consists of a network of pipelines ranging from 6 to 16 inches in diameter 
and six water storage reservoirs totaling 3.7 million gallons. Five of the reservoirs are located on Tukes 
Mountain, at an elevation that can adequately provide gravity service to the majority of the City's 
residents. The remaining storage reservoir is the Horsethief Reservoir, which is a ground-level tank with a 
booster pump station to supply water to the system. 

The City's water system serves areas currently located outside the existing city limits. Some residents in 
the rural areas surrounding Battle Ground rely upon private wells for their water supply. Although there 
have been no detailed studies, there have been no known incidences of groundwater or well 
contamination problems.
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4. EXISTING FACILITIES
4.1 History of the Sewerage System
In 1958, the City of Battle Ground constructed the first portions of its sanitary sewer system, consisting of 
a collection system and a facultative lagoon. Since that time, the sanitary sewer system has been 
expanded and upgraded to accommodate growth.

Following the construction of the facultative lagoon in 1958, the City’s treatment facility was upgraded 
twice. In 1976, the treatment facility was modified by adding a primary clarifier, rotating biological 
contactors, a secondary clarifier, and a chlorine contact chamber. The lagoon was used for sludge 
storage and as an overflow basin. The treatment plant was expanded in 1981 with the construction of 
additional rotating biological contactors, another secondary clarifier, and an expanded chlorine contact 
chamber. Following the 1981 expansion, the capacity of the treatment plant was 0.77 million gallons per 
day (mgd).

The City’s treatment facility discharged into Woodin Creek, a tributary to Salmon Creek. Woodin Creek is 
small, classified as a Class A stream, and has limited capacity to receive treatment plant effluent. 
Because of these characteristics of Woodin Creek, the City’s waste discharge permit required that the 
effluent be treated to tertiary standards. Due to the increasing demands on the treatment facility, 
particularly with respect to hydraulic loading from I&I contributions, violations of the effluent standards 
were frequent.

Violations of the effluent standards resulted in Ecology placing limitations on new sewer connections and 
requiring the City to evaluate available options for long-term sewer needs. From 1985 to mid-1989, the 
City was limited to a maximum of 50 equivalent residential sewer connections per year. Between 1989 
and July 1992, only 150 additional connections were allowed. After July 1992, a moratorium was placed 
on new connections to the City sewer system.

In May 1985, Whiteley, Jacobsen, and Associates completed Infiltration/Inflow, Sewage, Treatment Plant 
and Receiving Stream Evaluation Report. The report evaluated alternatives for the long-term sewer 
needs of the Battle Ground area. The report concluded that the City should discharge treatment plant 
effluent to the East Fork Lewis River. However, with stringent treatment requirements, public opposition, 
and environmental concerns, this alternative became undesirable. The final preferred alternative was to 
transport wastewater to the SCWTP. A significant factor in the City’s decision to proceed with this option 
was a proposal by Clark County to sewer the Meadow Glade community with a pressure sewer extending 
nearly 9 miles to the SCWTP collection system. Clark County offered Battle Ground the opportunity to pay 
the cost of oversizing the Meadow Glade pressure sewer, thus greatly reducing the cost of Battle 
Ground’s buy-in. The City opted to abandon its wastewater treatment plant and construct a pumping 
station and force main to deliver wastewater flows to the County treatment facility.

An interlocal agreement was signed on 21 December 1988, between Clark County and the City for the 
construction and operation of the wastewater facilities that would convey Battle Ground’s wastewater to 
Clark County. By April 1993, the new pump station and force main were on line, and the City’s treatment 
facilities were abandoned or incorporated into the new wastewater transmission system. The moratorium 
on sewer connections was removed on 15 April 1993.

After the moratorium was lifted, growth was extremely rapid until 2008. A general sewer plan was 
completed in 1995 based on a growth rate forecast of 6 percent a year. Actual growth far exceeded this 
estimate, forcing the City in early 1998 to stop accepting new applications for residential land divisions. A 
sewer plan update was again approved by Ecology in 2000 and 2003. These plan updates addressed this 
surge in population and reexamined impacts to the collection system, regional transmission system, and 
SCWTP capacity allocations.



 

City of Battle Ground | 2015 General Sewer Plan, Rev 6/2017 13

In March 2006, the City updated the plan. The 2007 update forecast a more reasonable flat growth rate 
through 2026 using an additional 1,090 new residents per year. The growth rates for schools and 
commercial/industrial users were kept at the previous rates of 1.8 and 3.5 percent per year respectively. 
In 2008, the Great Recession halted development in Clark County as unemployment rates rose and 
private investment ceased. Through 2014 the City experienced very little residential growth and some 
minor commercial/industrial infill consisting largely of projects in the pipeline before 2008.

The City completed the construction of modifications to the City’s headworks and transmission pump 
station in 2011. The project included the abandonment of the existing open-air surge lagoon. A second 
and larger equalization basin was installed and is hydraulically connected to the existing aerated basin. 
Submersible pumps were installed within the equalization basin which replaced the existing pump house.

In 2014, development began to reemerge and interest in undeveloped properties has been strong. The 
City is anticipating growth to resume, although not to the historic levels of 1993–2008.

4.2 Current Service Area
The area served by the City’s sewer system is outlined in the existing sewer system map (Figure 4-1). A 
more detailed map of the existing collection system is included in Appendix A; that map includes line size 
information. The existing city limits and UGA boundary, which define the future service area extents for 
the 20-year planning period, are both shown in Figure 4-1. In the southeast corner of the UGA, outside 
the current city limits but within the UGA, is the Cedars subdivision. This development consists of housing 
and a golf course. By agreement, the City operates and maintains the Cedars wastewater collection and 
pumping facilities. The Cedars is the only area outside the existing city limits that is provided sewer 
service by the City.

Two other areas outside the city limits, Meadow Glade and Hockinson, pump wastewater to the City's 
wastewater transmission system, which conveys it directly to the Salmon Creek wastewater management 
system. CRWWD operates the Meadow Glade and the Hockinson systems. A portion of the Meadow 
Glade service area is located within the City’s UGA. The Meadow Glade and Hockinson sewer service 
areas and their relation to the City are shown in the sewer service area map, Figure 4-2. A more detailed 
discussion on the impacts of Meadow Glade and future extension of City sewer within the CRWWD 
service area is included in section 5.5.

4.3 Collection System

4.3.1 Description
The City owns, operates, and maintains over 60 miles of sanitary sewer collection lines and mains.

Most of the collection system consists of 8-inch-diameter pipe with trunk and interceptor sewers 
constructed of larger diameter pipe, ranging in size from 10- to 30-inch diameter. A large portion of the 
system was constructed in 1958 and 1966, and consists of concrete and asbestos cement pipe. More 
recent sewer construction consists of PVC sewer pipe. A detailed map of the existing collection system is 
included in Appendix A.

As discussed in section 3.2.1, the topography of the sewer service area is relatively flat, generally sloping 
to the south-southwest. A slight ridge traverses the City creating multiple drainage basins and the need 
for numerous pump stations to convey flow to the transmission pump station. In all, the collection system 
utilizes 11 sewage pumping stations and force mains. All pump stations, with the exception of pump 
stations No. 1 and No. 2, are duplex systems, with each pump capable of pumping the design capacity. 
Pump stations No. 1 and No. 2 are triplex submersible facilities with equally sized pumps. All pump 
stations, except for Pump Station No. 6, have a backup power supply in the form of an on-site generator. 
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Over time, the City has completed several pump station improvement projects. The City has also installed 
flow meters on all of the pump stations to provide basin-specific flow monitoring to help identify future I&I 
reduction projects.

Table 4-1 summarizes the data for each pump station. The horsepower and capacities listed in Table 4-1 
represent a single pump of the duplex pump stations

Table 4-1. Sewage Pump Station Summary

Pump Station No. Location Pump 
(horsepower)

Design Capacity Emergency 
Generator

1 Treatment Plant 25 2,700* (triplex) Diesel

2 Gardner 98 5,200* (triplex) Diesel

3 BG West 12 250 Propane

4 Cedars 10 160 Propane

5 Cedars East 7.5 54 Propane

6 Industrial 5 235 None

7 Country Terrace 3 140 Propane

8 Winchester Ranch 5 220 Propane

9 Clover Meadows 3 125 Propane

10 Horsetheif Canyon 3.2 100 Propane

11 Lewisville 30 1,325 Propane

* Variable Speed Pumps

4.3.2 Capacity Evaluation
The capacity of the existing collection system, particularly sections of the original sewers, is greatly 
influenced by I&I during extended periods of heavy rain when the level of groundwater rises to ground 
level and submerges private sewer laterals. From television inspection, the main line sewers are in good 
condition. Components of the existing sewer system do surcharge during periods of high rainfall. 
According to City staff, historical surcharge areas included the lower reaches of Interceptor 1 and three 
sewers between Pump Station No. 1 and Rasmussen Boulevard. However, the surcharging of these 
reaches was confirmed to be fixed following improvements to Pump Station No. 1.

The existing sewer system was hydraulically modeled using the techniques described in sections 7.2 and 
7.3. The hydraulic model indicates that there are isolated sections of gravity sewer that experience minor 
surcharging that were not previously identified. The capacity deficient reaches of gravity sewer have been 
identified in Figure 7-1.

Overall, despite the surcharging, the collection system has capacity to accommodate current flows 
without overflow. A more detailed evaluation of existing collection system capacity, based on projected 
20-year flows, is included in section 7.0.
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4.4 Transmission System Facilities
As previously discussed, the City conveys wastewater to the SCWTP, which is operated under contract 
by Clark County Public Works. The transmission system consists of two major components: the pumping 
facilities, which include grinding and equalization/detention facilities, and the 9-mile, 16-inch force main. 
The equalization/detention facility is owned, operated, and maintained by the City of Battle Ground. The 
transmission force main and downstream conveyance systems are owned by the Alliance and maintained 
under contract by Clark County Public Works.

Constructed in 1992–1993, the wastewater transmission system was activated in April 1993, at which 
time the existing Battle Ground wastewater treatment plant was abandoned. Wastewater is delivered to 
the transmission system from the Battle Ground and Cedars collection systems. The wastewater 
transmission system also serves two systems operated by the CRWWD – Hockinson and Meadow Glade. 
Both of these systems are STEP systems. The City has an interlocal agreement with the Alliance 
concerning the allocation of Meadow Glade and Hockinson wastewater flows with respect to the 
capacities of the transmission system, interceptor sewer, or treatment plant.

4.4.1 Pumping Facilities
The transmission pumping facilities were constructed at the site of the City's existing wastewater 
treatment plant. Many features of that plant were incorporated into the pumping facilities, which are 
owned and operated by the City.

The City recently completed an upgrade to the existing headworks and facility. The project added a 
second grinder to the existing headworks structure and constructed a new equalization basin. The 
existing aeration/equalization basin was retained as a backup facility. The total capacity of the 
pretreatment grinders is 14.0 mgd. 

The operating speed of the pumps is regulated by a programmable logic controller, which monitors the 
discharge rate from the pump station and the water level in the wet well. The discharge flow rate is 
measured by a magnetic flow meter located downstream of the pump station and the wet well level is 
monitored by a pressure transducer.

Equalization is provided through two basins for short-term storage of peak wastewater flows. Aeration is 
available in the first (backup) basin to keep the solids in suspension and to freshen the wastewater. The 
aeration system is a coarse bubble diffuser with air supply provided by two blowers that are alternately 
operated by a variable speed drive, with the speed based upon the depth of wastewater. 

The second (primary) basin has a capacity of 3.5 million gallons and is constructed of reinforced concrete 
with an aluminum roof and new transmission pump station. The flow equalization basin floor is sloped at a 
2 percent grade to a center trench, which slopes to the wet well of the new transmission pump station 
(which is integral to the equalization basin). The equalization basin is actively ventilated but not scrubbed 
for odor control. Construction included provisions for the future installation of both mixers and a scrubber. 
The total equalization capacity of both basins is 4.15 million gallons.

The transmission pump station includes five variable-speed-drive pumps. A summary of the pump data is 
presented in Table 4-2.
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Table 4-2. Transmission Pump Station Summary

Pump No. Pump (horsepower) Design Capacity

1 34 702 gpm

2 34 702 gpm

3 130 1,600 gpm

4 130 1,600 gpm

5 130 1,600 gpm

Total Firm Capacity 4.6 mgd

The transmission pump station has a firm capacity of 4.6 mgd. The pump station is integral with the flow 
equalization basin, and uses submersible pumps. The pump station includes emergency power 
provisions that start and stop a generator automatically in response to power failure and restoration.

4.4.2 Transmission Force Main
The 16-inch transmission system force main conveys wastewater from the Battle Ground pumping facility 
to the Alliance interceptor sewer system, which in turn flows to the SCWTP. The force main flows 9 miles 
southwest to the point of discharge into the interceptor sewer located at 127th and Salmon Creek 
Avenue. 

The force main is constructed of 16-inch DR-18 PVC pressure pipe with gasketed joints. The force main 
has six isolation and drain valve assemblies for the purpose of isolating particular sections of pipe and 
draining the section through a 4-inch drain pipe. Fifteen air release valves or combination air valves are 
located at the high points along the force main or at locations of major grade changes and where the 
hydraulic grade line can be lower than the force main under operating conditions.

Pig launch stations are located at the pump station and two other points along the force main route. The 
stations consist of pipe and valve assemblies where a polyurethane pig can be inserted into the force 
main to remove accumulated sediments and debris. There is a pig retrieving station at the end of the 
force main that consists of a hinged screen that can be positioned in the waste flow to catch the pig when 
it exits the pipe. In July 1994, the City pigged the entire pipeline. The maintenance operation was 
successful and City staff observed no excessive build-up of solids in the force main. The lower third of the 
force main was pigged in June 2003.

To maintain aerobic conditions, the transmission system was designed with an air injection system. This 
system included a duplex air compressor installation located in the pump station and 2-inch and 1-inch 
ABS air pipes installed along the entire length of force main connecting to five air injection stations along 
the force main route. The air injection stations included valving, piping, and airflow meters located in a 
buried concrete vault. That system was abandoned in 2006 and replaced with a chemical feed system 
that uses Bioxide. The chemical injection facility is located immediately south of the equalization basin 
and is owned by the Allliance and operated under contract by Clark County Public Works.

4.5 Treatment and Disposal System
The interlocal agreement between the Alliance and the City governs the treatment of Battle Ground’s 
sewage by the SCWTP. This agreement originally allocated 18 percent of the treatment plant capacity to 
the City with a corresponding 18 percent investment in the capital costs of constructing the various 
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phases of the plant. The City must also pay operation and maintenance costs according to its flow rate of 
sewage.

The SCWTP has only two customers, Battle Ground and the CRWWD. Therefore, the flow capacities and 
costs that are not allocated to the City are allocated to the CRWWD. The City’s current capacity allocation 
is based on the maximum monthly flow, or 3.47 mgd, as provided under the recently completed Phase 4 
expansion. Copies of the interlocal agreements and addendums are included in Appendix E.
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5. LAND USE AND PLANNING CRITERIA
In order to evaluate alternatives for sewer service within the Battle Ground UGA and update the plan, it is 
necessary to develop general planning criteria for the sewer system. The planning criteria presented in 
this section establish the basis for analyzing the system and recommending improvements.

The planning criteria were developed based on the review of existing system studies and reports, 
applicable regulations, discussions with City staff, and standard textbook design criteria. Also, general 
assumptions regarding growth and system operations were made to develop system criteria as identified 
within this section. It is important to note that the planning criteria are general. Detailed engineering 
reports are necessary to develop specific design criteria and to identify conditions that will influence the 
design and construction of particular facilities.

5.1 Planning Period
For the purpose of this plan, the planning period is 20 years and the final year of the planning period is 
2035. 

5.2 Land Use
Land use in the City is established by zoning ordinance. Most of the area is residential. Most commercial 
activity is concentrated in the downtown core area along Main Street and State Route 503. Industrial 
development is generally located near the railroad tracks east of the commercial business area and in the 
southeast part of the City. The 2015 comprehensive plan also includes areas of mixed-use employment 
and mixed-use residential development adjacent to the commercial core of the City.

Land use within the Battle Ground UGA is addressed in the 2015 Comprehensive Plan. The 2035 Land 
Use and UGA are presented in the comprehensive plan in Figure 5-1.

Land use outside Battle Ground's UGA is governed by the Clark County comprehensive plan.

5.3 Population Projections
Wastewater flows are contributed by residential and non-residential land uses. The latter include 
industrial, institutional, and commercial uses. For purposes of sewer planning, residential flow is 
described in equivalent dwelling units (EDUs) and non-residential flows are generalized in flow per areas 
units as discussed in detail below. Where necessary for comparison, the non-residential flows are 
converted back to EDUs.

As with the planning area, population and EDU projections were based on the City’s comprehensive 
planning efforts. In the county-wide comprehensive plan, the County has proposed population projections 
for the City of Battle Ground. The County estimates that the current (1 January 2014) population in the 
Battle Ground UGB was 20,163. The estimate for the total population within the UGB in 2035 is 39,309, 
an increase of 87 percent.

5.4 Commercial and Industrial Wastewater
The City has a limited industrial customer base. Non-residential sewer connections consist primarily of 
commercial businesses with wastewater contributions. These commercial businesses are service-
oriented and include restaurants and stores. The City administers an industrial pretreatment program in 
coordination with the Alliance. Potential new industrial customers are identified during the site plan 
development review process.
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Old Castle Glass is the only permitted significant industrial user (SIU). The City will continue to work with 
CRWWD regarding industrial discharge inspections. The inspection of existing identified industrial waste 
dischargers and potential dischargers will help eliminate the potential discharge of harmful pollutants to 
the wastewater collection system and also educate the City’s industrial and commercial customers.

Anderson Dairy is the City’s second largest industrial user. Ecology determined that Anderson Dairy is not 
a SIU and, therefore, the regulating jurisdiction is the City. Effluent includes milk waste and washdown 
chemicals. A wastewater discharge permit application was submitted to Ecology by Anderson Dairy in 
1997. The application addressed the discharge of effluent with a negative pH impact on the wastewater 
stream. The application also addressed proposed process modifications to eliminate the acid/caustic 
cleaning system for low temperature cleaning operations and a caustic separator for high temperature 
equipment cleaning. 

5.5 Meadow Glade Service Area
The Meadow Glade area is served by a pressure sewer system owned and operated by the CRWWD. 
The Meadow Glade service area lies within a portion of the urban area of Battle Ground, yet its available 
capacity is limited to land uses equivalent to approximately one EDU per acre. Since the 2007 expansion 
of the UGB into the Meadow Glade service development within the area has not yet extended 
conventional gravity sewers into the basin. The overlapping service areas provides opportunites for joint 
agency coordination.

It is generally understood by engineers and planners that gravity sewer service is preferred to serve 
urban land use. In extending gravity sewers into an undeveloped area, or an area served by septic tanks, 
all or part of the cost of sewer service is paid as an incentive to encourage property owners to connect. 
That incentive is greatly reduced in an area such as Meadow Glade, where large parcels are mixed in 
with small parcels served by pressure sewers. 

Battle Ground and the CRWWD commissioned a report assessing the capacity of the Meadow Glade 
system. The report concluded that the existing sewer system requires significant upgrades to 
accommodate the area at build-out under current zoning. The report did not address the land use issues. 
CRWWD estimates that there is only sufficient capacity remaining in the Meadow Glade system to 
accommodate equivalent residential densities at one EDU per acre.

This plan assumes the conversion of Meadow Glade to gravity sewer in order to support the land use 
assigned during the comprehensive planning work completed by the County and the City. If the Meadow 
Glade area is to be annexed and urbanized an additional coordination and planning effort is needed to 
address the feasibility, financing, and conversion of Meadow Glade to gravity sewer. Until that effort is 
completed, development within Meadow Glade should only be allowed at equivalent residential densities 
of one EDU per acre.

5.6 Sewerage Planning Criteria

5.6.1 Service Area
The City’s service area boundary comprises the area within the currently proposed UGA as shown in 
Figure 4-2. That proposed UGA has been developed as part of an ongoing process of updating the City’s 
comprehensive plan. Land use zoning for the area within the UGA is part of the ongoing comprehensive 
planning process. Zoning within the UGA is primarily divided into residential, commercial, and industrial 
uses and parks. For the basis of flow calculations, the acreage that is used for schools is anticipated to 
remain as school property through the planning period.
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5.6.2 Collection System Design Criteria
Standard textbook design criteria, along with the guidelines presented in the Orange Book, were used in 
the conceptual design of the collection facilities presented in the plan.

Gravity sewers are sized using a Manning’s Roughness Coefficient of n = 0.013. All proposed sewers 
were sized assuming minimum slope. Table 5-1 specifies the minimum design slope and pipe design 
capacities per the City’s engineering standards.

Table 5-1. Gravity Sewer Design Capacities

Nominal Diameter Minimum Pipe 
Slope (design)

Minimum Pipe 
Slope (as-built)

Design Capacity 
(cfs)

Design Capacity 
(mgd)

8 0.0045 0.0040 0.61 0.40

10 0.0033 0.0028 0.93 0.60

12 0.0027 0.0022 1.34 0.87

15 0.0020 0.0015 2.01 1.30

18 0.0017 0.0012 2.92 1.89

21 0.0015 0.0010 4.02 2.60

24 0.0013 0.0008 5.13 3.32

27 0.0012 0.0007 6.57 4.25

30 0.0011 0.0006 8.06 5.21

36 0.0010 0.0005 11.96 7.73

42 0.0008 0.0004 16.14 10.43

48 0.0006 0.0003 21.70 12.90

Gravity sewers are sized to accommodate a 50-year development basin assuming current zoning within 
the UGA and an assumed five residential units per acre for all areas outside the UGA. Sewers are sized 
for 80 percent of peak hour flow assuming no surcharge. The sizing of pump station and force main 
capacity is based on 20-year flow projections. Consideration was given to sizing wet wells for ultimate 
capacity, depending on the location of the pump station and the possibility of future relocation.

5.6.3 Treatment and Disposal Planning Criteria
This plan does not address wastewater treatment and disposal. Currently, all of Battle Ground 
wastewater discharges to the Salmon Creek wastewater management system, which discharges to the 
SCWTP for treatment and disposal. 

Battle Ground participated in the expense of the most recent SCWTP expansion and capacity upgrades 
to the Salmon Creek interceptor system. The City’s participation in upgrades to the Salmon Creek 
interceptor will provide a maximum month flow capacity of 14.95 mgd. The expansion allocation provided 
Battle Ground with a maximum month flow capacity of 3.47 mgd. 
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6. EXISTING AND PROJECTED SEWER FLOWS
6.1 Existing Sewer Flows
The transmission station includes influent flow meters for the three sources of contributing flow, Battle 
Ground, Meadow Glade and Hockinson. The flow records are summarized on monthly flow monitoring 
reports. Influent flow data from January 2007 to December 2015 was compiled and reviewed to establish 
the wastewater flow characteristics. The information is summarized in Table 6-1. These flows include only 
contributions from the Battle Ground collection system; flows from Meadow Glade and Hockinson are not 
included. Annual rainfall data, as recorded at the Battle Ground wastewater transmission site, is also 
included in Table 6-1.

Table 6-1. 2007-2015 Influent Wastewater Flow

Parameter 2007 2008 2009 2010 2011 2012 2013 2014 2015

Annual Average Daily Flow (mgd) 1.18 1.19 1.17 1.39 1.30 1.84 1.63 1.61 1.46

Average Dry Weather Flow (mgd) 0.85 0.91 0.90 0.98 0.92 1.21 1.34 1.06 1.01

Average Wet Weather Flow (mgd) 1.44 1.38 1.47 1.77 1.51 2.31 1.89 1.82 2.04

Maximum Monthly Flow (mgd) 1.71 1.61 1.61 1.86 1.81 2.59 2.05 2.30 2.75

Maximum 24-Hour Flow (mgd) 3.21 2.56 2.97 2.69 2.80 4.39 3.72 3.747 4.85

Annual Rainfall (inches) 50.3 43.8 41.6 60.9 50.4 56.6 47.1 56.6 54.7

6.2 Existing Unit Flows 
In addition, influent flow data from January 2007 to December 2014 was compiled and reviewed to 
establish the wastewater flow characteristics in terms of gallons per capita per day. Table 6-2 summarizes 
these flows.

Table 6-2. 2007-2015 Unit Flows

Parameter 2007 2008 2009 2010 2011 2012 2013 2014 2015

Total Equivalent dwelling units 6,253 6,396 6,538 6,639 6,741 6,842 6,943 7,031 7,269

Equivalent Population 16,196 16,565 16,934 17,196 17,458 17,720 17,983 18,211 18,826

Hydraulic Loading (gpcd)

Annual Average Daily Flow 73 72 69 81 75 104 91 89 78

Average Dry Weather Flow 53 55 53 57 52 69 75 58 54

Average Wet Weather Flow 89 84 87 103 87 130 105 100 108

Maximum Monthly Flow 106 97 95 108 104 146 114 126 146

Maximum 24-Hour Flow 198 155 175 156 160 248 207 207 257
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6.2.1 Existing Peak Factors
Peak factors were calculated using the flow data inTable 6-3. The wet weather, max month, and max day 
flows were compared with the annual average flow in accordance with Ecology planning standards. The 
Orange Book recommends standard peak factors for use during planning for new gravity sewers. The 
observed maximum day peak factor in 2015 is greater than the standard Ecology peak factor. The peak 
factors presented by Ecology are not sufficient to model the I&I observed within the system. 

Table 6-3. Existing Peak Factors

Parameter 2007 2008 2009 2010 2011 2012 2013 2014 2015

Average Wet Weather Flow 1.23 1.17 1.26 1.28 1.16 1.25 1.16 1.13 1.40

Maximum Monthly Flow 1.46 1.36 1.37 1.34 1.39 1.41 1.26 1.43 1.88

Maximum 24-Hour Flow 2.73 2.16 2.53 1.93 2.15 2.38 2.28 2.33 3.32

Ecology Peak Factor 2.74 2.73 2.73 2.72 2.71 2.71 2.70 2.69 2.68

The Ecology peak factor equation does not model the system flows for Battle Ground accurately. 
However, as a result of detailed pump station basin-specific flow monitoring, a more accurate depiction of 
seasonal I&I can be determined. Dry weather flow monitoring was completed in 2011 and provides the 
basis for actual Battle Ground-specific diurnal flow patterns to more accurately model and predict peak 
flows for each modeled pipe.

The diurnal curves used in the model were developed using industry standard assumptions and 
compared to the results of the 2011 flow monitoring report. Figure 6-1 shows the diurnal curves used for 
each major land use type.

6.2.2 Infiltration and Inflow
Infiltration is defined as subsurface water that enters the wastewater collection system through cracks, 
joints, or other defects in the system. Infiltration is directly influenced by the local groundwater table and 
the structural integrity of the collection system. All collection systems experience some degree of 
infiltration. Those who plan the system must allow additional capacity to accommodate this flow 
contribution.

There are two forms of I&I which are rainfall dependent. Rainfall-dependent infiltration is a short-term 
peak in the infiltration component caused by short-term rises in the groundwater table, or super-saturated 
soils in which the added moisture enters the wastewater system through cracks, joints, or other defects in 
the collection system. Rainfall-dependent infiltration usually peaks in flow after the rainfall peak runoff and 
continues between 5 and 48 hours afterward, depending on groundwater levels and antecedent soil 
conditions.

The other form of I&I is inflow; this includes direct connections made from downspouts, basement sump 
pumps, catch basins, area inlets, depressed manhole lids, and other means that collect rainfall, which is 
then discharged into the wastewater system through surface features. Inflow is directly influenced by 
storm events and usually occurs over a short period (less than 6 hours), during and after a storm. Inflow 
can usually be prevented by eliminating non-sewerage connections to the system. With older systems, 
however, identifying illegal sewer connections can be difficult.
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Figure 6-1. Diurnal Curves
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Extensive I&I studies over 20 years demonstrate that infiltration is a major flow contributor to the Battle 
Ground wastewater collection system. Most of the original wastewater collection system was installed 
before 1966. Constructed primarily of concrete sewer pipe or asbestos cement pipe, the older portions of 
the system are prone to infiltration. This is compounded by the fact that the Battle Ground area has soils 
with low permeability, a seasonally high groundwater table, and poor drainage because of the relatively 
flat terrain. The impact of I&I on Battle Ground sewage flows is illustrated by Figure 6-2, which separates 
average dry weather base flow and monthly average flow for 2015.

6.2.2.1 Historical Infiltration and Inflow Reduction Programs
For the past 32 years, the City has had an active I&I removal program. The first major effort was started in 
1984. The May 1985 Whiteley, Jacobsen, and Associates report, which evaluated I&I, used pump station 
operation records, wastewater treatment plant flow data, sewer main video inspections, and interviews 
with operations personnel to determine the extent and sources of I&I. The report concluded that I&I 
appeared to be uniformly distributed throughout the collection system originally constructed in the 1950s–
80s, which is served by Pump Station No. 1 and Pump Station No. 2.

From 1985–1995, City efforts focused on the elimination of inflow sources. Extensive smoke testing was 
completed with follow-up disconnection of inflow sources. Extensive manhole repair efforts were also 
completed. A second I&I report, which was completed in 1995, included field inspections of collection 
system manholes to identify areas suspected of elevated levels of I&I. Based on these observations, 
television inspection of sewers in certain areas was recommended. Follow-up memorandums 
summarized observed leaks and recommended areas for repair.
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Figure 6-2. Average Daily Influent Composition

The City initiated rehabilitation work to remedy the problem areas identified in the 1995 report with 
mainline cured-in-place rehabilitation, mainline slip lining, and point repairs. A pilot corrective program 
was also initiated for a small subarea identified as experiencing significant I&I, with flow monitoring before 
and after corrective work. The initial conclusions were that extensive rehabilitation could be cost effective.

Following 15 years of extensive efforts to correct inflow problems and repair mainline sewers, the City 
shifted its focus to repairing leaking lateral sewers. In 2001, the City implemented an ambitious I&I 
reduction program that focused on the replacement of private laterals in older neighborhoods identified as 
experiencing high I&I. The first phase of construction began in 2002 with a second phase in 2003. 
Approximately 10,600 linear feet of sewer laterals on 278 properties were replaced at a cost of 
approximately $1.4 million. Ninety cleanouts were installed to allow the future inspection of laterals.

In 2003, the City purchased a television inspection truck that can record video and is equipped with a 
computer database. The truck will be used to identify I&I problem areas and inspect repair work. The City 
also installed permanent flow meters on all its pump stations to perform long-term sub-basin flow 
analysis.

In 2011, the City– with the assistance from the City of Vancouver – conducted an extensive study of dry 
weather flow conditions. Although hydraulic conditions and meter performance were not ideal, portions of 
the data were able to produce reasonable dry weather flow estimates. Flow levels were monitored using a 
FLO-DAR portable device. The report did not estimate wet-season dry weather flows or the influences of 
storm events. 

6.2.2.2 Evaluation of Excessive Infiltration and Inflow Evaluation against EPA 
Benchmarks
The U.S. Environmental Protection Agency (EPA) has guidelines for evaluating sewer systems for 
excessive I&I. The guidelines have established fixed threshold flow values that apply to all systems.
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6.2.2.3 Infiltration
The EPA guidelines define 120 gpcd as a threshold value for excessive infiltration, based on the average 
influent flow of a 7 to 14-day low rainfall period during the rainy season (November through February). As 
presented in Table 6-4, 13 low rainfall periods during 2007–2015 were identified to evaluate infiltration in 
the Battle Ground collection system.

Table 6-4. Wet Weather Flows, 7-14 Day Low Rainfall Periods

Period Days Rainfall 
(inches)

Average 
Influent Flow 
(mgd)

Equivalent 
Population

gpcd

Jan 22–31, 2007 10 0.00 1.59 15,903 100

Nov 1–8, 2007 8 0.00 0.89 15,903 56

Jan 15–25, 2008 11 0.10 1.62 15,927 102

Feb 14–20, 2008 7 0.07 1.39 15,927 87

Jan 14–23, 2009 10 0.00 1.77 15,951 111

Dec 1–11, 2009 11 0.00 1.41 15,951 88

Feb 16–22, 2010 7 0.00 1.53 15,975 96

Jan 26–Feb 3, 
2011 9 0.12 1.54 15,999 96

Jan 31–Feb 7, 
2012 8 0.05 1.47 16,023 92

Jan 16–23, 2013 8 0.02 1.3 16,047 81

Nov 21–29, 2013 9 0.00 1.36 16,047 85

Jan 20–27, 2014 8 0.02 1.25 16,071 78

Nov 15–21, 2014 7 0.07 1.25 16,071 78

Nov 25-Dec 1, 
2015 7 0.07 1.53 18,826 81

Average 8 0 1.41 16,209 87

As shown in Table 6-4, the eight-year average per capita flows during low rainfall periods is below EPA 
standards for excessive infiltration. Analysis revealed the highest per capita flow of 111 gpcd for 2009; 
which is approaching the EPA’s threshold for excessive infiltration.

6.2.2.4 Inflow
EPA guidelines recommend 275 gpcd as a threshold value for evaluating excessive inflow. A comparison 
of peak flow and significant rainfall events shows a trend that is typical of the Battle Ground sewer system 
– rainfall has a direct influence on wastewater flows. Table 6-5 presents monthly maximum daily flows 
and peak 24-hour rainfall between January 2007 and December 2015.
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Table 6-5. 2007-2015 Maximum Flows

Rain Event 24-Hour Maximum 
Rainfall (inches)

Influent Flow 
(mgd)

Equivalent 
Population

gpcd

Dec 2–3, 2007 4.22 3.09 15,903 194

Nov 12, 2008 1.25 2.41 15,927 152

Dec 31, 2008–Jan 1, 
2009 3.41 3.02 15,927 190

Jan 7–8, 2009 1.18 2.93 15,951 184

Jan 15, 2011 1.97 2.48 15,999 155

Jan 19–20, 2012 1.93 3.54 16,023 221

Jan 29–30, 2013 2.65 2.76 16,047 172

Mar 5–6, 2014 1.47 2.77 16,071 172

Dec 9-10, 2015 3.06 4.85 18,826 257

Average 2.26 2.88 15,981 180

Using the EPA benchmark, it can be concluded that over the past few years, inflow has not been 
excessive. This analysis simply addresses I&I from the perspective of EPA benchmarks. 

6.2.2.5 Conclusions Regarding Infiltration and Inflow
Since the installation of flow meters at all pump stations, data has become available to analyze I&I. The 
meter installed at Pump Station No. 10 (Horsethief Canyon) failed in August 2008 and was repaired in 
June 2016. Additionally, Pump Station No. 11 (Lewisville) was non-operational from November 2008 to 
February 2012. Furthermore, multiple pump station meters have been down for periods of approximately 
one month for scheduled maintenance. These factors account for missing data. An analysis of data 
missing for the period of 1 January 2007 to 31 December 2015 for all pump stations concluded that city-
wide data was missing 12.7 percent of the time. Horsethief Canyon recorded the highest proportion of 
missing data at 82 percent, and Lewisville data was missing 37 percent of the time. In addition, influent 
flow data was interrupted between March and November 2011 because of construction at the headworks. 

Despite these interruptions, some reasonable conclusions can be drawn, although additional flow data is 
needed to solidify these conclusions.

Infiltration is dependant upon groundwater levels. In the Battle Ground area in a year of average rainfall, 
the level fluctuates approximately 12 feet throughout the year, from a late summer low of approximately 
15 feet below ground surface to a late winter high of about 3 feet below ground surface. This fluctuation is 
very gradual and responds to rainfall. Short duration rainfall events may affect the groundwater level, but 
only slightly. Heavy rainfall that occurs over days, weeks, or even a month, will cause a temporary rise in 
the groundwater level, but only a foot or two. That extra foot or two is significant, however, because it can 
submerge private laterals, and thus produce a surge of groundwater-induced infiltration.

Studies over the past 20 years show that infiltration varies with groundwater level. In the summer, the 
groundwater level is below most of the sewer laterals and mainline, so there is very little infiltration during 
the late summer months, but as the groundwater level rises with the fall and winter rains, infiltration 
increases. 
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Battle Ground’s wastewater flows track largely with max monthly rainfall. In many locales, high 
wastewater flows track with high rainfall over shorter periods. The relationship between maximum day 
wastewater flow and max monthly and max daily rainfall is shown in Figure 6-3.

Figure 6-3. Rainfall Data 1996-2014
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A peak daily flow of 4.85 mgd was recorded in December 2015. The 2015 peak daily flow total was 
approximately 3.8 mgd above the average dry weather base flow for the year. The peak daily flow of 4.85 
mgd corresponds to a max monthly rainfall period of 18.10 inches. The previous historical max monthly 
rainfall was 12.09 recorded in 2007. The total annual rainfall for 2015 was 55 inches.

The previously recorded peak daily flow of 3.56 mgd was recorded in 1996, which residents recall as a 
year of notable floods. The February 1996 peak flow corresponded to an annual rainfall total of 78 inches, 
the wettest in 50 years. The average annual rainfall for Battle Ground is approximately 52 inches. 

Historically, reliable flow records were available only at the combined influent flow meter at the 
wastewater transmission site. Since 2003, flow meters installed at 10 pump stations have yielded a more 
accurate depiction of I&I. An analysis of the thirteen years of basin flows shows that I&I tends to be less in 
areas with new construction, which confirms earlier conclusions that I&I is related to the age of the 
system.
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The peak flow into a sewer system typically has little to do with the capacity of that system, but this does 
not seem to be the case in Battle Ground. An evaluation of rainfall and flow records shows that as the 
capacity of the sewer system has increased, peak flows into the system appear to have been attenuated. 
What follows is a description of our analysis of this phenomenon. 

 The older part of the sewer system performs as follows during those periods of very high 
infiltration.

 Prior to an unusually high rainfall event, the groundwater is high (within approximately 3 feet of 
the top of the ground surface).

 Storm events of two to three days duration gradually raise the groundwater level to within a foot 
or so of the ground surface, progressively increasing infiltration rates as laterals are 
submerged. As infiltration rates increase, the sewer system surcharges.

 Through this period, base wastewater flows vary diurnally. During periods of diurnal peak flows, 
the surcharging increases.

 As the surcharging increases because of the combination of infiltration and diurnal peak 
wastewater flows, the infiltration rates decrease due to an equalization of head (pressure) over 
the empty pipes. In other words, as the diurnal wastewater flows go up, the infiltration rate goes 
down, basically resulting in a steady state condition with flow into the section of the surcharged 
sewer controlled by the discharge rate of the sewer under high surcharge.

Table 6-6 shows the analysis of I&I and peak factors for specific pump station basins. This table also 
includes the recommended planning level max day I&I for each pump station basin. Where 2015 data 
was unavailable the 2014 data was used. The recommended 2035 I&I figures were increased 
approximately 20% to allow for increases in I&I contribution as the system ages and to account for 
uncertainty in the ultimate rainfall month. These values are anticipated to be conservative as the City 
continues to invest in I&I reduction programs. Additionally, the 2015 calibration event which included in 
max month rainfall of 18.1 inches far exceeded the previous max month record of 12.1 inches.

Table 6-6. 2015 Pump Station Influent Wastewater Flows

Pump Station Service 
Area 
(acres)

Average 
Annual 
(gpd)

Wet 
Weather 
(gpd)

Max Month 
(gpd)

Max Day 
(gpd)

Accuracy (%)

Gardner 1,149.15 921,996 1,236,967 1,596,080 2,674,570 100

Winchester 
Ranch* 104.00 94,552 101,576 106,086 286,673 96

Horsethief 
Canyon 32.00 No Data No Data No Data No Data 19

Clover Meadows 29.36 24,711 27,353 29,917 63,368 100

Cedars East 77.88 8,848 10,727 14,961 33,652 100

Cedars/Industrial 253.18 62,227 86,206 125,569 342,604 98

Country Terrace 35.90 33,651 41,422 44,791 62,096 99

BG West 59.11 76,867 119,133 177,956 268,448 100

Lewisville* 291.27 204,139 213,711 237,370 519,636 63

Pump Station #1 636.64 541,869 781,651 1,085,030 1,814,196 99
* Data for Winchester Ranch and Lewisville are presented as 2014 values.
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Table 6-7. 2015 Pump Station Peak Factors and I&I

Peak Factor I&I (gpad)Pump Station

Wet Weather Max Month Max Day Wet Weather Max Month Max Day

2035 
Max Day 
I&I 
(gpad)

Gardner 1.34 1.73 2.90 219 468 1,217
1,500

Winchester 
Ranch* 1.10 1.12 3.03 90 111 1,847 3,500

Horsethief 
Canyon No Data No Data No Data No Data No Data No Data 3,500

Clover Meadows 1.11 1.21 2.56 90 177 1,317
1,500

Cedars East 1.21 1.69 3.80 24 78 318
400

Cedars/Industrial 1.39 2.02 5.51 95 250 1,107
1,500

Country Terrace 1.23 1.33 1.85 216 310
667
792

1,000

BG West 1.55 2.32 3.49 715 1,710 3,241
3,500

Lewisville* 1.08 1.16 2.55 57 114 1,083 2,000

Pump Station #1 1.44 2.00 3.35 377 853 1,998
2,500

* Data for Winchester Ranch and Lewisville are presented as 2014 values. 2014 values on average are 
approximately 64% of the observed values for the December 2015 calibration event.

6.3 Future Wastewater Flows

6.3.1 Service Population
The current collection system does not serve the entire City limit or UGB. The utility billing software 
employed by the City indicates a total number of sewer EDUs 7,269. A detailed inventory of connected 
residential units and actively connected commercial, industrial and institutetional properties was 
completed for 2014. The existing residential connections totaled 5,834 EDUs or an approximate 
population of 15,101 of the City’s 20,163 total population.

For flow projections outside the existing service areas, or where the vacant buildable lands model 
indicates that the property within the existing service boundary is vacant or underutilized, zoning data was 
used to calculate total future residential development. The following assumptions were used in the 
models calculation to determine the 2035 residential flows:

 Gross zoning area is reduced by 35 percent for an infrastructure allowance (on-site roads, 
stormwater mitigation, buffers etc.).

 Gross zoning area is reduced for areas that are delineated as wetlands according to the NWI 
wetland layer in the Clark County GIS database.

 The zoning area does not include the areas of existing rights-of-way.
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 Flows are based on the maximum possible residential density per zoning code (BGMC Title 17) 
as summarized in Table Table 6-8.

 Flow was estimated using the annual average flow rate (gpcd) plus an I&I component 
calibrated to the maximum day flow rate.

Table 6-8. Maximum Residential Density

Zoning Designation Maximum Residential Density (EDUs per acre)

R3 3

R5 5

R7 7

R10 10

R12 12

R16 16

R20 20

MU-R 22

MU-E 22

6.3.2 Per Capita Wastewater Flow
Future per capita flows were estimated based on existing per capita flows and the Ecology guidelines. 
The following table contains the per capita average contribution from 2000–2015, the Ecology-
recommended design values for new wastewater treatment facilities, and the value used for future 
population loading. The Ecology guidelines use direct population, which assumes a higher per capita flow 
contribution. The projected per capita values are based on either the Ecology guidelines or historical 
averages, whichever is higher. Peak hourly projections are not included because current available data is 
only a daily average. Instantaneous monitoring is not available in Battle Ground.

Table 6-9. Per Capita Flow Projections

Parameter Historical Average 
(2000-2015)

Max Occurance 
(2007-2015)

Ecology 
Guidelines

Future (2035)

Annual Average 84 104 100 100

Dry Average 64 75 n/a 70

Wet Average 104 130 n/a 130

Max Month 129 146 n/a 150

Peak Day 189 257 n/a 260

6.3.3 Commercial and Industrial Wastewater Flow
The inventory for commercial and industrial wastewater was completed like the inventory of the residential 
EDUs. GIS and aerial mapping were used to determine the number of developed commercial, 
institutional, and industrial acres. Once summarized by pump station, the amount of industrial flow was 
determined by evaluating the basins with only residential and industrial flows. The total residential flow 
calculated using the flow averages from Table 6-10 was subtracted from the total daily flow; the remaining 
flow was divided by the industrial acres. The existing commercial and institutional flow rates were 
calculated the same way and summarized in gpad.
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Table 6-10. Average Annual Commercial and Industrial Unit Flows

Zoning Designation Average Annual Flow (gpad)

Commercial 500 to 1,100

Industrial 700 to 1,050

As with the discussion of service population in section 6.3.1, for flow projections outside the existing 
service areas, or where the vacant buildable lands model indicates that property within the existing 
service boundary is vacant or underutilized, zoning data was used to calculate total future commercial 
and industrial development. The following assumptions were used in the models calculation to determine 
the 2035 commercial and industrial flows.

 Gross zoning area is reduced by 35 percent for an infrastructure allowance (on-site roads, 
stormwater mitigation, buffers, etc.).

 Gross zoning area is reduced for areas that are delineated as wetlands according to the NWI 
Wetland layer in the Clark County GIS database.

 The zoning area does not include the areas of existing rights-of-way.
 The resultant flows are based on the resulting net developable land multiplied by the unit flows 

shown above inTable 6-10.
Flow projections for the institutional flow rates (schools) were included with the residential growth rate for 
the UGB. The City tracks school connections/billing for schools at the time that new fixtures are 
constructed and not proportionate to the amount of children in attendance producing wastewater flows. 

Table 6-11 summarizes the unit flows for commercial, industrial, and institutional flows. As a result of the 
decision to model I&I separately, only the base average annual flow is provided for the non-residential 
flow rates. Increases due to the development of commercial and industrial flows are captured in the 
increased amount of utilized land and not in increasing flow rates. 

Table 6-11. 2035 Non-Resdiential Flow Rates

Zoning Designation 2007-2014 Average (gpad) Future (gpad)

Commercial 500 to 1,100 1,000

Industrial 700 to 1,050 1,000

6.3.4 Wastewater Flow Projections
Projected wastewater flows for the City were developed using data from Table 6-9 and Table 6-11. Each 
2035 pump station service area was summarized according to the following attributes:

 Existing connected residential EDUs
 Existing commercial, institutional, and industrial acreages
 Proposed residential, commercial, and industrial zoning

The results of the data compilation for the existing conditions are presented for each pump station in 
Table 6 14.
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Table 6-12. Basis of Existing Flow by Pump Station

Pump Station Residential EDUs Commercial Institutional Industrial

Pump Station No. 1 1,980 29 24 24

Gardner 2,090 183 105 0

BG West 295 21 0 0

Cedars/Industrial 157 0 0 25

Cedars East 45 0 0 0

Country Terrace 138 6 0 0

Winchester Ranch 363 15 0 0

Clover Meadows 137 0 0 1

Horsethief Canyon 108 0 0 0

Lewisville Meadows 892 2 188 0

Detailed information regarding the basis of proposed flows for 2035 and 2055 are included in Appendix B.
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7. COLLECTION SYSTEM ANALYSIS
7.1 Overview of Evaluation Process
The collection system for the City is modeled in two primary hydraulic models using Hydra version 7.1 by 
Pizer. The collection system as of 2014 is modeled using information provided by the City including 
layouts, locations, and pipe diameters. Most of the model uses GIS contour data to determine rim 
elevations for the manholes and the suitability of the routing of the proposed system.

The model uses inputs for EDUs, and zoning as the basis of flow projection. These are inserted into the 
model using a land use layer. These land use layers were digitized based on the land use map shown in 
Figure 5-1. The land use layers in the model were divided into smaller portions to limit the boundary to 
existing and proposed pump station service areas as well as to separate areas of developed and vacant 
properties.

The land use layer is intersected during the modeling process through a service area layer that assigns 
the flows developed from the land use layer to specific manholes for routing through the collection 
system. The service area layer and the acreages associated with it are the basis for the I&I applied into 
the collection system at the assigned manhole.

The collection system was simplified to include major sewer lines – interceptors, trunks, laterals, and 
some collection sewers – where future extensions may be considered. The existing system, including 
manholes and pipes, was digitized using the City’s sewer map. Sewer extensions to the collection system 
were input with manholes spaced every 400 feet to better allocate future sewer flows and to check the 
feasibility of service areas based on the 10-foot contour GIS data.

Existing flows were developed using total residential EDUs and developed commercial, institutional, and 
industrial acreages. Future flows were developed for the net developable land using residential zoning, 
maximum residential densities, and commercial, institutional and industrial acreages. Diurnal curves were 
used to mimic daily variations in sewer flow and predict the actual peak sewer flow rate. In addition, I&I 
was added to the model separately and was calculated by the connected sewer service area.

The model was calibrated to the max day flow rates for the pump station basins. The max day calibration 
was confirmed by comparing the average flow rate with the maximum day observed flow rates in 2014. 
The design flow rate from the model is greater than the maximum day to design for the 1-hour peak flow 
rate.

7.2 Evaluation of Existing Pump Stations
The existing pump stations were evaluated using the 2014 existing model to determine their adequacy to 
meet existing planning standards. Pump stations are designed for a 20-year life expectancy. An 
engineering report should be prepared for each pump station redevelopment as it occurs to confirm its 
adequacy for 20 years. The existing pump stations are tabulated below with their design capacity, the 
2014 max day observed flow rate, and the modeled peak hour.
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Table 7-1. Existing Pump Station Evaluation

Pump Station 
No.

Location Design 
Capacity

2015 Max 
Day (gpm)

2015 
Modeled 
Max Day 
(gpm)

2015 Modeled 
Peak Hour 
(gpm)

1 Treatment Plant 2,700 1,260 1,260 1,436

2 Gardner 5,200 1,857 1,869 2,123

3 and 7 BG West and 
Country Terracea

390 230b Not in Model Not in Model

4 and 6 Cedars/Industriala 395 238 231 254

5 Cedars East 23 24 27

8 Winchester Ranch 220 No Data 235 269

9 Clover Meadows 125 44 Not in Model Not in Model

10 Horsethief Canyon 100 No Data 74 84

11 Lewisville Meadows 1,325 No Data 568 647
a) Country Terrace and Industrial Pump Stations are to be abandoned for 2035 model.

b) Data points were developed by the combined total of design flow rates and modeled results.

Winchester Ranch (Pump Station No. 8) is identified as not meeting the current planning standards. 
Based on the actual observed (2014) max day flow rate of 199 gpm compared to the design capacity of 
220 gpm. 2015 modeled peak hour results exceeded the design capacity and therefore it is highly likely 
that peak flows to the pump station have exceeded its rated capacity. Winchester Ranch is proposed to 
be abandoned within the 2035 planning horizon. Therefore, to avoid overflows we recommend a 
temporary improvement with either pump or motor replacement to achieve a higher rated capacity. Future 
development within this basin will need to address capacity deficiencies at the Winchester Ranch Pump 
Station. An interim capacity of 400 gpm is recommended, as the timeline for the construction of the off-
site sewer that is required for abandonment is unknown. The pump station listed for improvement are 
included inTable 7-2.

Table 7-2. Existing Pump Station Capacity Deficiency

Pump Station Existing Diameter Current Capacity (gpm) Proposed Capacity 
(gpm)

Winchester Ranch 8’ Diameter Wetwell 220 400
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7.3 Evaluation of Existing Gravity Collection System
The existing gravity sewers were evaluated using the 2015 existing model to determine their adequacy to 
meet existing planning standards. Sewers are recommended for improvement when capacity will meet or 
exceed 80 percent of the peak flow. The analysis showed that three existing gravity sewer reaches 
currently experience surcharging. The locations of the necessary sewers are shown in Figure 7-1 and 
summarized below in 

Table 7-3. Existing Gravity Sewer Capacity Deficiency

Existing Gravity Sewer 2035 Diameter 2065 Diameter

CD-1, 168 LF 8” diameter 12” 12”

CD-2, 421 LF 12” diameter 36” 42”

CD-3, 626 LF 8” diameter 12” 12”

7.4 Meadow Glade STEP System
According to the CRWWD, the Meadow Glade STEP system is capacity-limited. The STEP system can 
provide service only to lots within the service area of 1 acre or larger. Development in which densities will 
be greater than 1 EDU per acre will require connection to the City’s sewer system. For the basis of sewer 
service within the overlap between the City’s UGB and the Meadow Glade service area, all properties 
within the boundary are assumed to be connected to the City’s system.

Most of the developed properties within the Meadow Glade area were assumed to be unlikely to 
redevelop and, therefore, the flow contribution from Meadow Glade is reduced to reflect the vacant and 
buildable lands model. 

Before the transfer of service for existing CRWWD customers from the CRWWD to the City, a detailed 
system analysis needs to be completed and the cost implications of the transfer of service need to be 
addressed; including specifically the payment of City SDC’s for existing CRWWD customers. The 
overlapping of service areas within this region of the City is a complex issue that will require coordination 
between the City and the CRWWD.

7.5 Results of 2035 Hydraulic Modeling
The results of the 2035 hydraulic model are the basis for improvements within the City. Pump stations 
and force mains are sized for a 20-year lifecycle for electrical and mechanical components. The gravity 
sewers, including interceptors, trunks, laterals, and collection sewers, must be sized adequately to 
prevent surcharging and overflows. The 2035 model results are greatly affected by developer-related 
sewer extensions and the service of new developable area within the UGB.

The 20-year flow rates for the pump stations and gravity sewers are discussed below. An overview of the 
proposed improvements is shown in Figure 7-2. Detailed subarea specific improvements are included in 
Figure 7-4 through Figure 7-8.
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7.5.1 Pump Stations and Force Mains
In general, sewer pump stations are permanent structures and include wet wells and/or drywells, valve 
vaults, an exterior kiosk, and miscellaneous underground infrastructure sized for 50-year flows. 
Mechanical and electrical equipment, including pumps, valves, and discharge piping, is sized for the 
estimated peak hourly flow at the 20-year planning horizon, the typical life expectancy of this equipment. 
The requirements for overall physical site space and easements are established by the 50-year flows so 
facilities can be expanded when the space needed exceeds the City’s minimum standard. 

The general design criteria of the City of Battle Ground for sewage pump stations and pressure sewer 
force mains will be applied to the design of the new pump stations. Additional guidelines set forth in 
Ecology’s Orange Book and by the EPA and Hydraulic Institute (HI) may be followed where applicable.

At a minimum, each pump station will include two submersible pumps installed in a circular concrete wet 
well with pump isolation and check valves installed in a below-ground valve vault with a pump-around 
port. The flow meter, instrumentation, controls and telemetry equipment will be housed in weatherproof 
enclosures. Each pump station will include provisions for backup power and occupy a site within a 
dedicated easement or on property owned by the City. Additional features that may be incorporated 
include a maintenance building, dedicated on-site standby generator, odor and noise controls, hydrogen 
sulfide controls, pigging port, and force main surge protection. The need for these additional features will 
be determined during design and in consultation with the City. The design of each pump station will 
include provisions for future expansion; these include:

 setting aside sufficient space for larger pumps or a third pump and the associated pumps and 
piping,

 adding variable frequency drives to pump motors, and
 specifying pumps that can be upsized with replacement motors and impellers. 

The general design criteria are summarized in Table 7-4.

Table 7-4. General Design Criteria for Pump Stations

Pump Type Submersible, non-clog, capable of passing a 3-inch 
sphere

Minimum Number Pumps Two 

Wet Well Size Per HI standards. 8-foot minimum diameter 

Wet Well Operating Volume Sized for six pump cycles per hour maximum

Wet Well Depth Based on inlet sewer elevation, minimum pump 
submergence, and operating volume. 

Discharge Pipe Size and Material
Ductile iron. Sized to maintain flow velocity between 5 and 
10 feet per second (fps). A 4-inch minimum was additionally 
set.

Force Main Pipe Size 
Sized to maintain average flow velocity between 3.5 and 5 
fps (8 fps max). A 4-inch minimum standard was additionally 
set.

Minimum Site Footprint 50 feet by 50 feet

Provision for Backup Power Yes

The pump station planning methodology varies depending upon the size and regional service level. Most 
of the City’s pump stations are small or neighborhood specific pump stations. These pump stations 
generally were constructed to serve a specific development and have grown slightly to serve adjacent 
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commercial or mixed use areas. The threshold for small pump stations was determined to be 
approximately 350 gpm (max day).

Small pump stations and future neighborhood pump stations are sized for the full buildout of their basin. 
These pump stations are typically built for a specific area that is developed by a single or group of 
developers within the vesting period of a given development which results in near buildout of their 
immediate service basin. 

The pump stations were evaluated using the 2035 model to determine their adequacy to meet a 20-year 
planning horizon. An engineering report should be prepared for each pump station improvement as it 
occurs to confirm its adequacy for 20 years at the time of development. The pump stations that should be 
sized for basin buildout are summarized in Table 7-5 with their current design capacity and the 2035 peak 
hour flow.

Table 7-5. 2035 Neighborhood (Small) Pump Station Evaluation

Pump Station No. Location Existing Design 
Capacity (gpm)

Recommended 2035 
Peak Hour (gpm)

3 BG West 250 250

5 Cedars East 54 85

6 Industrial 235 To be abandoned

7 Country Terrace 140 To be abandoned

8 Winchester Ranch 220 To be abandoned

9 Clover Meadows 125 125

10 Horsethief Canyon 100 To be abandoned

PS-A Chelatchie n/a 230

PS-B 503 North n/a 100

Larger pump stations which generally are sized greater than 350 gpm and provide service to a much 
broader portion of the City require additional analysis to project sizing. This analysis includes a number of 
factors:

 Existing max day flow rate and review of I&I.
 Proposed number of pending developments that have platted, filed for pre-application 

consultations, or developers who have informally approached City staff.
 Number of existing properties that could be served by sewer if extended.
 Range of growth rates depending upon likelihood of near-term development.

The pump stations were evaluated using the criteria above to determine their adequacy to meet a 20-year 
planning horizon. An engineering report should be prepared for each pump station improvement as it 
occurs to confirm its adequacy for 20 years at the time of development. The pump stations that should be 
sized for conservative growth and existing conditions are summarized in Table 7-6 with their current 
design capacity and the 2035 peak hour flow. 

Higher assumed growth rates were assumed for Cedars and Lewisville Meadows basins. These basins 
are likely to see greater development intensity in these basins within the next 20-years. Other inflill and 
less intense development is still likely to occur in Gardner. On average since 1996 the city has observed 
growth rates average 4.9%.
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Table 7-6. Regional (Large) Pump Station Evaluation

Pump 
Station No.

Location Existing 
Design 
Capacity 
(gpm)

2015 
Peak 
Hour 
(gpm)

Buildout Peak 
Hour (gpm)

Assumed 
2035 
Annual 
Growth 
Rate 

Recommended 
2035 Peak Hour 
(gpm)

1 Treatment 
Plant

2,700 1,436 3,782 3.5% 2,900

2 Gardner 5,200 2,123 9,723 5.0% 5,500

4 Cedars 160 254 3,487 9.0% 1,500*

11 Lewisville 
Meadows

1,325 647 5,311 7.0% 2,500

PS-C Meadow Glade n/a n/a 993 N/A 900*

PS-D Woodin Creek n/a n/a 1,402 N/A 1,000*
* Note that sizing of these pump station assumes significant contribution of flow conversion from 

Meadow Glade contributing from PS-C, into PS-D and ultimately to PS #4. There remains 
significant coordination that must be resolved prior to annexation and conversion of Meadow 
Glade to gravity sewers.

7.5.2 Gravity Sewers
Gravity sewers within the City are sized for the life expectancy of the sewer infrastructure. In this case, a 
50-year planning horizon was identified. Ecology recommends that trunk and interceptors be evaluated 
based on the ultimate service area and the cost, operations, and maintenance of larger diameter sewers 
to determine sizing. For this reason, staff determined that a 50-year evaluation was appropriate.

A 50-year service area was identified outside the City’s UGB as shown inFigure 7-3. Land use within the 
expanded 50-year planning area was assumed to be five residential units per acre outside the UGB.

Two pipe diameters are listed in the capital improvement plans. The 2035 pipe diameter is the size that is 
required to serve development within the UGB. The listed 2065 pipe diameter is the diameter that is 
required to serve the 50-year life expectancy of the gravity sewer mains. The different pipe sizes are 
provided to help developers and the City determine the appropriate pipe diameter to be installed at the 
time of development. Detailed subarea-specific improvements are identified in Figure 7 4 through Figure 
7-8.
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7.5.2.1 Pump Station No.1 Subarea
The Pump Station No.1 subarea consists primarily of gravity interceptor improvements. This area of the 
City was one of the first areas of the City to receive sanitary sewer in the early 60s. Pump Station No.1 
also known is the “Treatment Plant” pump station was constructed as a lift station into the City’s now 
abandoned and dismantled treatment plant. The main sewer trunk in this area is located within Clark 
Avenue. A parallel sewer was eventually constructed in this area to provide additional capacity as the City 
grew.

There remains significant development potential east of the Chelatchie Railroad south of Main Street and 
future extensions of Rasmussen Boulevard. Trunk sewer improvements are also required extending from 
Pump Station No.1 east to provide sufficient capacity.

Long term interceptor improvements in Clark Avenue and east through Battle Ground Village and further 
east along Rasmussen Boulevard are required to accommodate annexation and urban growth 
expansions in the northwest area of the City. The collection sewers in this subarea have sufficient 
capacity for infill and redevelopment.

The extent of improvements required to serve the 2035 Urban Growth Boundary UGB) are shown in 
Figure 7-4. The table below identifies specific improvements within this subarea. Projects are named and 
categorized according to whether they are existing pipe replacements (PR) or upgrades, future sewer 
extensions (FE), or pump station and force main (PS) projects.

Table 7-7. Pump Station No. 1 Subarea Improvements

Project Name Description Project Construction 
Costs (2015 Dollars)

PR-1 Clark Interceptor: 240 LF 27" diameter  $128,000 

PR-2 Clark Interceptor: 2100 LF 24" diameter  $1,050,000 

PR-3 Clark Interceptor: 960 LF 21" diameter  $461,000 

PR-4 Clark Interceptor: 1,761 LF 18" diameter  $793,000 

PR-5 Clark Interceptor: 1,050 LF 15" diameter  $378,000 

PR-6 Clark Interceptor: 1,395 LF 12" diameter  $461,000 

PR-7 Clark Interceptor: 2,113 LF 10” diameter  $656,000 

CD-3 Trunk 3: 626 LF 12" diameter  $207,000 

PR-8 Trunk 3: 1,253 LF 12" diameter  $414,000 

PR-9 BG Village Trunk: 1367 LF 21" diameter  $657,000 

PR-10 BG Village Trunk: 1611 LF 18" diameter  $725,000 

PR-11 BG Village Trunk: 398 LF 15" diameter  $144,000 

FE-1 BG Village Trunk: 1615 LF 15" diameter  $582,000 

PS-1 Pump Station 1 – Treatment Plant, 2,900 gpm  $100,000
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7.5.2.2 Chelatchie Subarea
The Chelatchie subarea is located in the far northwest of the urban growth area south of 11th Street. This 
small subarea is defined by two obstructions to gravity sewer service: Woodin Creek and the Chelatchie 
Railroad. Topography in this area slopes towards the creek. A small neighborhood pump station will be 
required to serve future development in this area. Improvements in this unsewered basin will require 
extension of collector sewers and construction of the pump station and force main. The force main is 
planned to discharge into the existing 8-inch gravity sewer stubbed into 11th Street.

The extent of improvements required to serve the 2035 UGB are shown in Figure 7-4. The table below 
identifies specific improvements within this subarea. Projects are named and categorized according to 
whether they are existing pipe replacements (PR) or upgrades, future sewer extensions (FE), or pump 
station and force main (PS) projects.

Table 7-8. Chelatchie Subarea Improvements

Project Name Description Project Construction 
Costs (2015 Dollars)

FE-2 Clark Interceptor: 78 LF 8" diameter $ 24,000 

PS-A Pump Station A – Chelatchie Pump Station, 230 gpm $ 300,000

FM-A Pump Station A Force Main – 790 LF 4” diameter force main $ 160,000

7.5.2.3 Clover Meadows Subarea
Clover Meadows subarea is a fully developed residential neighborhood located immediately west of the 
former surge lagoon located west of Pump Station No.1. Collection sewers in this basin have capacity for 
infill and minor redevelopment. Pump Station records indicate that Pump Station No.9 has sufficient 
capacity for the next 20-years.
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7.5.2.4 503 North Subarea
The 503 North subarea is currently not sewered. The subarea is located at the far north of the urban 
growth area and east of SR 503. This site is zoned for institution and low density urban residential. 
Topography in this north area of the City begins to slope towards the East Fork of the Lewis River. A 
small neighborhood pump station is required to serve this area. Collector sewers will need to be extended 
throughout the subarea. The force main from this subarea will discharge into the sewers located in NW 
8th Avenue and NW 24th Street.

The extent of improvements required to serve the 2035 UGB are shown in Figure 7-5. The table below 
identifies specific improvements within this subarea. Projects are named and categorized according to 
whether they are existing pipe replacements (PR) or upgrades, future sewer extensions (FE), or pump 
station and force main (PS) projects.

Table 7-9. 503 North Subarea Improvements

Project Name Description Project Construction 
Costs (2015 Dollars)

FE-3 503 North Lateral: 3706 LF 8" diameter $ 1,112,000 

PS-B Pump Station B – 503 North Pump Station, 100 gpm $ 200,000

FM-B Pump Station B Force Main – 3,586 LF 4” diameter force main $ 690,000

7.5.2.5 Gardner Subarea
The Gardner subarea serves the majority of the north central part of the City. It also receives significant 
flows from smaller or adjacent pump stations. The Gardner subarea drains to the Gardner Pump Station 
which is located near Scotton Way and 5th Avenue. The Gardner Pump Station discharges directly to the 
transmission station and is additionally connected for emergency bypass to the transmission force main.

The sewers within the area flow into the station through a section of parallel sewers in 5th Avenue. 
Improvements within this basin consist primarily of pipe replacements for capacity improvements along 
the westside relief sewer. Additionally, this basin will receive flows from the south of Gardner Pump 
Station through the development of a new trunk line capable of serving the commercial and multi-use 
properties south along the east side of SR-503.

The extent of improvements required to serve the 2035 UGB are shown in Figure 7-5. The table below 
identifies specific improvements within this subarea. Projects are named and categorized according to 
whether they are existing pipe replacements (PR) or upgrades, future sewer extensions (FE), or pump 
station and force main (PS) projects.
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Table 7-10. Gardner Subarea Improvements

Project Name Description Project Construction 
Costs (2015 Dollars)

PR-12 Westside Relief Sewer: 3301 LF 42" diameter  $2,443,000 

PR-13 503 North Trunk: 3264 LF 12" diameter  $1,078,000 

PR-14 503 North Trunk: 1599 LF 10" diameter  $496,000 

PR-15 503 South Trunk: 876 LF 24" diameter  $438,000 

FE-4 503 South Trunk: 1690 LF 24 "diameter  $845,000 

FE-5 503 South Trunk: 1250 LF 18" diameter  $563,000 

FE-6 503 South Trunk: 1200 LF 15" diameter  $432,000 

FE-7 503 South Trunk: 715 LF 10" diameter  $222,000 

CD-2 Westside Discharge: 421 LF 36" diameter  $274,000 

PS-2 Pump Station #2 - Gardner Pump Station, 5,500 gpm  $100,000

7.5.2.6 Lewisville Subarea
The Lewisville Subarea is generally defined as the northwest quadrant of the City. The improvement plan 
within the Lewisville subarea includes the abandonment of four pump stations and the construction of a 
single large regional pump station. This portion of the City includes large amounts of development 
property and will require the construction of new sewer extensions to serve the basin.

The Lewisville pump station that is to be relocated west along the SR-502 corridor is intended to serve as 
a major regional pump station. Eventually, (between 10 and 30-years) a new force main should be 
constructed south of the pump station along the NE 92nd Avenue alignment to divert the pump station 
flows away from Gardner and into a second transmission station located in the southwest area of the City.

The extent of improvements required to serve the 2035 UGB are shown in Figure 7-6. The table below 
identifies specific improvements within this subarea. Projects are named and categorized according to 
whether they are existing pipe replacements (PR) or upgrades, future sewer extensions (FE), or pump 
station and force main (PS) projects.
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Table 7-11. Lewisville Subarea Improvements

Project Name Description Project Construction 
Costs (2015 Dollars)

CD-1 502 Interceptor: 168 LF 12" diameter  $56,000 

PR-16 502 Interceptor: 1,322 LF 18" diameter  $595,000 

PR-17 502 Interceptor: 419 LF 12" diameter  $139,000 

FE-11 502 Interceptor: 247 LF 36" diameter  $161,000 

FE-12 502 Interceptor: 2,342 LF 21" diameter  $1,125,000 

FE-8 92nd Avenue Trunk: 2,415 LF 21" diameter  $1,160,000 

FE-9 92nd Avenue Trunk: 1,200 LF 10" diameter  $372,000 

FE-10 92nd Avenue Trunk: 1,600 LF 8" diameter  $480,000 

FE-13 Mill Creek Trunk: 2,835 LF 24" diameter  $1,418,000 

FE-14 Mill Creek Trunk: 820 LF 21" diameter  $394,000 

FE-15 Mill Creek Trunk: 1,149 LF 18" diameter  $518,000 

FE-16 Mill Creek Trunk: 2,158 LF 15" diameter  $777,000 

FE-17 Mill Creek Trunk: 1,600 LF 12" diameter  $528,000 

FE-18 Mill Creek Trunk: 800 LF 10" diameter  $248,000 

PR-18 Trunk 6: 654 LF 10" diameter  $203,000 

FE-19 Winchester Trunk: 2,510 LF 10" diameter  $779,000 

PS #7 Pump Station #7 - Country Terrace Pump Station, abandonment  $50,000 

PS #8 Pump Station #8 - Winchester Ranch, abandonment  $50,000 

PS #8 Pump Station #8 - Winchester Ranch, temporary capacity upgrade  $300,000 

PS #10 Pump Station #10 - Horsethief Canyon, abandonment $50,000

PS #11 Pump Station #11 - Lewisville Pump Station, relocated 2,500 gpm $1,250,000

FM #11-1 Pump Station #11 Force Main – 3,380 LF 18” diameter force main 
extension

 $1,521,000 

FM #11-2 Pump Station #11 Force Main – 6,328 LF 18” diameter force main 
replacement

 $2,847,600 
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7.5.2.7 Meadow Glade Subarea
This area of Meadow Glade is particularly difficult to extend conventional gravity sewer service through. 
Large portions of the subarea is developed and currently served with STEP systems provided through 
CRWWD. This area lying west of SR-503 is also scattered with wetlands and largely without gridded 
street systems making sewerage using gravity sewer costly. Additional coordination with CRWWD is 
necessary to derive a strategy prior to any conversion or extension of sewer service in this area is 
completed. The intent of the sewer plan in this area is to intercept existing STEP mains with gravity sewer 
and direct those flows to a conventional City owned pump station.

Long term as development trends southwest the City should build a large regional transmission main 
pump station to collect Meadow Glade flows, and Lewisville and pump those directly into the transmission 
main. Improvements within this subarea consist of a pump station located at the furthest south urban 
growth boundary and gravity sewers along the south and west boundaries to serve the developable 
parcels.

The extent of improvements required to serve the 2035 UGB are shown in Figure 7-7. The table below 
identifies specific improvements within this subarea. Projects are named and categorized according to 
whether they are existing pipe replacements (PR) or upgrades, future sewer extensions (FE), or pump 
station and force main (PS) projects.

Table 7-12. Meadow Glade Subarea Improvements

Project Name Description Project Construction 
Costs (2015 Dollars)

FE-20 Meadow Glade Trunk: 1,050 LF 18" diameter  $473,000 

FE-21 Meadow Glade Trunk: 4,972 LF 18" diameter  $2,238,000 

FE-22 Meadow Glade Trunk: 800 LF 15" diameter  $288,000 

FE-23 Meadow Glade Trunk: 2,850 LF 8" diameter  $855,000 

PS-C Pump Station C - Meadow Glade Pump Station, 900 gpm  $350,000 

FM-C Pump Station C Forcemain – 3,036 LF 12” diameter force main  $910,800 

7.5.2.8 Woodin Creek Subarea
Located in the south central portion of the UGB this subarea is one of the smallest. The Woodin Creek 
subarea is a small area of largely developed residential properties along NE 184th Street and 181st 
Street. This subarea is a crucial link for the future development of the Meadow Glade Area. The Meadow 
Glade force main discharges into the future gravity sewer in 184th and all sewer flows are pumped again 
at the proposed Woodin Creek Pump Station for eventual discharge further east at Cedars Pump Station.

Development in this basin will require the construction of the Woodin Creek Pump Station located near 
the intersection of Woodin Creek and NE 181st Street. The force main will travel east through private 
property to NE 142nd Avenue. It is additionally recommended that the force main be upsized to allow for 
reversible flows from Cedars eventually west to the future regional transmission station located in the 
southwest portion of the City.

The extent of improvements required to serve the 2035 Urban Growth Boundary are shown in Figure 7-7. 
The table below identifies specific improvements within this subarea. Projects are named and categorized 
according to whether they are existing pipe replacements (PR) or upgrades, future sewer extensions 
(FE), or pump station and force main (PS) projects.
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Table 7-13. Woodin Creek Subarea Improvements

Project Name Description Project Construction 
Costs (2015 Dollars)

FE-24 Woodin Creek Trunk: 2,400 LF 18" diameter  $1,080,000 

FE-25 Woodin Creek Trunk: 890 LF 10" diameter  $276,000 

PS-D Pump Station D Woodin Creek, 1,000 gpm $  750,000

FM-D Pump Station D Forcemain – 3,909 LF 12” diameter force main $ 1,290,000

7.5.2.9 Cedars Subarea Improvements
Cedars subarea is located in the southeast corner of the Urban Growth Boundary. This area of the City 
has a few potential developments already underway and other properties interested at possible 
development. Originally constructed as part of a golf course community in unincorporated Clark County, 
the pump station and conveyance system did not consider future surrounding urban development.

Development within this subarea includes the abandonment of Pump Station No.6 Industrial and centrally 
located flows from the southeast portion of the city at a regional pump station to be located near the 
intersection of NE 142nd Avenue and Salmon Creek. Additionally, since Salmon Creek is the definitive 
drainage in this area long term urban growth expansions can also be served through gravity sewers in 
this areas.

The extent of improvements required to serve the 2035 Urban Growth Boundary are shown in Figure 7-8. 
The table below identifies specific improvements within this subarea. Projects are named and categorized 
according to whether they are existing pipe replacements (PR) or upgrades, future sewer extensions 
(FE), or pump station and force main (PS) projects.

Table 7-14. Cedars Subarea Improvements

Project Name Description Project Construction 
Costs (2015 Dollars)

FE-26 Grace Interceptor: 250 LF 27" diameter  $133,000 

FE-27 Grace Interceptor: 1,200 LF 27" diameter  $636,000 

FE-28 Grace Interceptor: 4,600 LF 12" diameter  $1,518,000 

PR-19 Cedars Interceptor: 608 LF 15" diameter  $219,000 

PR-20 Cedars Interceptor: 903 LF 12" diameter  $298,000 

PR-21 Cedars Interceptor: 2192 LF 8" diameter  $658,000 

PR-22 Cedars Interceptor: 1,231 LF 8" diameter  $370,000 

FE-29 Cedars Interceptor: 300 LF 18" diameter  $135,000 

FE-30 Cedars Interceptor: 750 LF 18" diameter  $338,000 

PR-23 Cedars East Trunk: 760 LF 8" diameter  $228,000 

FE-33 Cedars East Trunk: 1,475 LF 8" diameter  $443,000 

FE-31 Airpark Trunk: 1298 LF 10" diameter  $403,000 

FE-32 Airpark Trunk: 4,140 LF 8" diameter  $1,242,000 

PS #4 Pump Station #4 – Cedars:1,500 gpm $  900,000

FM #4 Pump Station #4 Forcemain – 5,320 LF 14” diameter force main $ 1,870,000
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7.5.2.10 Cedars East Subarea
The cedars east subarea is largely a built-out neighborhood developed in unincorporated Clark County 
east of the Cedars golf course. The development includes a small pump station location at the east end of 
183rd Street. The Urban Growth boundary constricts expansion and redevelopment in this area to a few 
isolated parcels. The large open space in this area is part of the Legacy Land Program and will not be 
redeveloped. The Cedars East pump station is currently planned for redevelopment in Summer 2017 to 
address aging mechanical and electrical equipment.

7.5.3 Maintenance-Related Improvements
Over the course of completing the system assessment and planning for expansions a few maintenance 
related recommendations were developed. The following list is intended to provide a basis for future 
maintenance related activities for the City.

System wide television/condition assessment: The City should develop a condition assessment program 
that schedules each area of the City to be inspected through closed circuit television at a minimum every 
6 or 7 years to correspond with the planning windows and updates to the General Sewer Plan. The 
results of the condition assessment, if performed in accordance with NAASCO standards can better 
inform I&I reduction work and reduce system emergency maintenance. 

1. On-going I&I reduction programs: These programs within the City have shown dramatic 
decreases in I&I and have allowed for better utilization of existing infrastructure. Some of the 
long-term pipe capacity issues may be resolved with extensive I&I reduction programs. 
Because of the cross connections and expected leaky laterals, this program is best used in 
areas where the condition assessment above indicates significant levels of I&I.

2. It is recommended that the City begin I&I related work in the BG West basin which appears 
to have significant levels of I&I. Additionally, known areas of stormwater cross connections 
should be disconnected from the sewer system and re-routed appropriately.

3. Telemetry Replacement: Telemetry improvements to allow operators and engineers to 
monitor systems in real time and with greater accuracy will allow the City to respond to 
maintenance or capacity problems at its lift stations faster. Better data can also drive 
decisions for scheduling upgrades, and I&I projects. Additionally, using ultrasonic flow 
meters on the gravity inlet pipes can better inform future updates with peak 15-minute data 
rather than maximum day data. This change in modeling protocol will likely reduce some of 
the conservatism but also reduce capital improvement costs.
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8. REGIONAL AND TREATMENT FACILITY 
ASSESSMENT
8.1 Transmission System

8.1.1 Pumping Facilities
The existing transmission pumping facilities are described in detail in section 4.4.1. The evaluation of 
existing capacities, existing observed flows, and the 2035 flows is presented inTable 8-1.

Table 8-1. Transmission Pumping Evaluation

Existing 
Design 
Capacity

2015 
Max Day

2015 
Max Month

2035 
Max Day

2035 
Max Month

Transmission 
Station Pumping 
Facilities (total 
influent)

4.6 mgd 5.4 mgd 3.0 mgd 12.8 7.1

Battle Ground 
(influent)

- 4.8 mgd 2.7 mgd 11.7 mgd 6.8 mgd

The 2015 modeled max day is considered to be accurate to reflect existing max day conditions. The 
model is calibrated to the max day in 2015.

Maximum day values were selected for the basis of analysis of the transmission pumping facilities as a 
result of 4.15 million gallons of equalization basin storage available as part of the transmission pump 
station.

The combined capacity of both grinders in the headworks is 7.0 mgd. They are located upstream of the 
equalization basin and therefore need to have capacity for the peak hour flows.

The 2035 max day flowrate was determined using 260 gpcd planning standard and an equivalent 
population of 45,060 people or 17,398 EDUs. The 2035 comprehensive plan uses a 2035 population of 
39,309 as assigned by the Office of Financial Management. The rate of commercial and industrial growth 
was assumed to grow at an annual growth rate of 3.0 percent.

The overall growth of the transmission flow rates from a 2015 maximum day of 4.85 to a 2035 flow of 
11.72 corresponds to the city adding approximately 506 EDUs per year for 20-years. Historically (1996-
2015) the City has added an average of 227 EDUs per year. As a result of this discrepancy it is important 
to monitor EDU growth, actual effluent flows and storage capacity use of the transmission station prior to 
proceeding with major capacity related improvements.

The maximum day influent flow rates have already exceeded the effluent pumping capacity of the 
transmission station. This occurred in 2015 with a maximum influent flow rate (combined Battle Ground, 
Meadow Glad, and Hockinson) of 5.4 mgd. For two consecutive days in 2015 the influent capacity 
exceeded the rated pumping capacity. Over the course of the two days approximately 900,000 gallons 
were stored in the equalization basin. The combined storage and pumping volume available for a max 
day event is 8.75 million gallons.

The Distrct completed an additional modeling analysis of the transmission pump station and long-term 
growth trends with a planning year of 2036. The analysis used the 2036 planning standard consistent with 
the Comprehensive Planning values for population growth and a more realistic growth using the historical 
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average of 250 ERU’s per year while maintaining a 3% annual growth rate for commercial and industrial 
flows. The following table summarizes the model input and alternative used for the Districts 2036 
modeling. 

Table 8-2. 2036 Transmission Pump Station Model Inputs

Parameter 2036-GMA 2036-Atlernative

Hockinson

ERUs1 80 80

Equiv. Population 245 245

Max Day I&I 529 GPAD 529 GPAD

Battle Ground

Residential ERUs2 15,615 11,289

Residential Population 40,443 29,239

Commercial/Industrial ERUs 2,288 2,288

I&I (Max Day) 1,072 GPAD 1,072 GPAD

I&I (Multi-Day) 954 GPAD 954 GPAD
1. ERUs for Hockinson and District are calculated using 3.05 persons per ERU
2. ERUs for Battle Ground are calculated using 2.59 person per ERU

The transmission station was modeled assuming the implemtnation of the planned updgrade to the 
equalization basin for a total storage of 5.0 mgd and pumping capacity to 8.0 mgd. It is recommended 
that engineering and construction of this project begin when max day influent flows reach 6.6 mgd.

The max day model indicated that the the peak hour flow rate is the firm rated capacity of the pump 
station. This occurs because, in either of the 2036 scenarios evaluated, the influent flow exceeds the 
capacity of the transmission station. The excess flow is then stored in the equalization basin. Using the 
2036 GMA planning values, the total volume stored totals 80 percent of the rated capacity. Using the 
alternate planning data, the total volume stored totals 57 percent of the rated capacity. In either scenario, 
the pump discharge was modeled at 12.47 cubic feet per second or approximately 8.0 MGD.

With the alternative (lesser) planning data, the multiday I&I factor, and a full 48-hour timestep, the 
transmission pump station operates as designed and is capable of storing 559,466 cubic feet of 
wastewater. The total capacity of the transmission pump station and equalization basin was reached at 
hour 39 of the 48-hour simulation using the full GMA population and multiday I&I factor, meaning that the 
firm capacity of the pump station would need to be increased to a minimum 8.8 MGD. Under the most 
aggressive planning assumptions, a firm capacity of 10.0 MGD would be sufficient for a three-day event 
consistent with the storm of December 2015.
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Table 8-3. Battle Ground Flow Summary

Connected* (Sewered) Battle Ground (city only in mgd)
Equivalent Residential Units

Year Total UGB 
Population

Residential Comm/Ind Total
Annual 
Average 
Daily

Average 
Dry 
Weather

Average 
Wet 
Weather

Max 
Month Max Day

2014 20,163 5,834 1,197 7,031 1.82 1.27 2.37 2.73 4.73
2015 21,075 6,039 1,230 7,269 1.88 1.32 2.45 2.82 4.89
2016 21,986 6,495 1,266 7,761 2.01 1.41 2.61 3.02 5.23
2017 22,898 6,951 1,304 8,255 2.14 1.50 2.78 3.21 5.56
2018 23,810 7,407 1,344 8,751 2.27 1.59 2.95 3.40 5.89
2019 24,722 7,863 1,384 9,247 2.39 1.68 3.11 3.59 6.23
2020 25,633 8,319 1,425 9,744 2.52 1.77 3.28 3.79 6.56
2021 26,545 8,775 1,468 10,243 2.65 1.86 3.45 3.98 6.90
2022 27,457 9,231 1,512 10,743 2.78 1.95 3.62 4.17 7.23
2023 28,368 9,687 1,558 11,245 2.91 2.04 3.79 4.37 7.57
2024 29,280 10,143 1,604 11,747 3.04 2.13 3.96 4.56 7.91
2025 30,192 10,599 1,652 12,251 3.17 2.22 4.13 4.76 8.25
2026 31,104 11,055 1,702 12,757 3.30 2.31 4.30 4.96 8.59
2027 32,015 11,511 1,753 13,264 3.44 2.40 4.47 5.15 8.93
2028 32,927 11,967 1,806 13,773 3.57 2.50 4.64 5.35 9.27
2029 33,839 12,423 1,860 14,283 3.70 2.59 4.81 5.55 9.62
2030 34,750 12,879 1,916 14,795 3.83 2.68 4.98 5.75 9.96
2031 35,662 13,335 1,973 15,308 3.96 2.78 5.15 5.95 10.31
2032 36,574 13,791 2,032 15,823 4.10 2.87 5.33 6.15 10.66
2033 37,486 14,247 2,093 16,340 4.23 2.96 5.50 6.35 11.00
2034 38,397 14,703 2,156 16,859 4.37 3.06 5.68 6.55 11.35
2035 39,309 15,177 2,221 17,398 4.51 3.15 5.86 6.76 11.72

8.1.2 Transmission Force Main
A detailed description of the 16-inch transmission force main that conveys wastewater from the Battle 
Ground pumping facility to the CRWWD Alliance interceptor sewer system is included in section 4.4.2.

The force main is sized for max day flows from the upstream transmission pump station. The flow rates 
for the pump station are included in section 8.1.1. The evaluation of the existing capacity, existing 
observed flows, and the 2035 flows are presented in Table 8-4. The formation agreement with the 
Alliance allocates specific capacities between CRWWD and the City of Battle Ground. The City has an 
allocated 3.44 mgd (max month) of force main capacity.
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Table 8-4. Transmission Force Main Evaluation

Existing 
Design 
Capacity

2015 
Max Day

2015 
Max Month

2035 
Max Day

2035 
Max Month

Transmission 
Station Pumping 
Facilities (total 
influent)

4.6 mgd 5.4 mgd 3.0 mgd 12.8 mgd 7.1 mgd

Battle Ground 
(influent)

3.44-mgd 4.8 mgd 2.7 mgd 11.7 mgd 6.8 mgd

Current capital improvement plans include the upgrade of the transmission force main with a parallel line 
extending from the discharge of the force main to the transmission pump station. The location of the 
transmission main is shown in Figure 8-1.

The force main system including the odor control is owned by the Alliance and specifics related to the 
upgrade are planned for by the Alliance.

8.1.3 Transmission Station and Force Main Expansions
With the equalization basin expansion to 5.0 mgd and pumping system improvement to 8.0 mgd as 
described above the existing transmission system will have max day capacity until approximately 2026. 
Similar to treatment plant capacity, Ecology recommends that municipalities address significant capacity 
concerns when flows approach 85 percent of the maximum rated capacity. The system is estimated to 
approach this threshold in 2023.

The Alliance should begin detailed planning and engineering of either of the major improvements above 
within the 20-year planning horizon. Planning and engineering dollars have been included in the SDC 
calculations. 

8.2 Regional System 
As discussed in section 4.4, the City discharges its wastewater from the McClure Pump Station to the 
Alliance’s 16-inch force main, which discharges to the Salmon Creek interceptor where it is conveyed to 
the SCWTP for treatment and disposal.

Sewer planning related to the regional system is being completed by the CRWWD and the Alliance. 
Current agreements between these agencies and the City address regional conveyance and treatment of 
Battle Ground wastewater. With the completion of Phase 4 improvements to the SCWTP, the City 
capacity (in max month) allocation in the regional facilities is as follows:

 Battle Ground Force Main system capacity of 3.44 mgd
 Salmon Creek Interceptor system capacity of 10.1 mgd 
 Klineline Pump Station capacity of 4.47 mgd
 Klineline Force Main capacity of 6.30 mgd
 Treatment / outfall capacity of 3.47 mgd
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9. CAPITAL IMPROVEMENT PROGRAM
The CIP described below is divided into two sections. The first section is intended to cover the costs and 
program that will be completed principally by the City. This program includes improvements to existing 
capacity-related deficiencies, maintenance activities, and restoration and replacement projects. The 
second section addresses the projects and costs related to the expansion of the sewer service area. 
These developer-related extensions are chiefly the obligation of the developer with the exception of 
project components that are related to the City’s SDCs.

The basis for the costs identified below is summarized in Section 9.3. 

9.1 Six-Year Capital Improvement Program
The City’s Public Works Department maintains a detailed 6-year capital improvement program. The 
program includes upgrades and activities to the existing system necessitated by capacity deficiencies, 
required maintenance, or the restoration and replacement program. The implementation schedule and 
timing of projects is based on the actual growth rate observed. The 6-year Capital Improvement Program 
is available for review at the City offices.

Because of uncertainties regarding potential additional maintenance or defect propagation, we 
recommend that the City put a routine program in place to perform CCTV of the sewer system. 

The six-year capital improvement program should be updated annually as additional data becomes 
available about the existing facilities. Each year it is recommended that the City invest at a minimum the 
following to maintain existing sanitary sewer services.

Table 9-1. Recommended Capital Improvement Program Components

Description Annual Costs (2015 
Dollars)

Sewer Main Oversizing $  200,000/ Yr

Small Project Allowance $   25,000 / Yr

I&I Replacement and Rehabilitaton Projects $  300,000/ Yr

City Funded Sewer Extensions $   75,000/ Yr

Replacement and Repair $   50,000/ Yr

Transmission Station Improvements $   100,000/ Yr

9.2 Sewer Extensions into Undeveloped Basins
Improvements to the existing system and developer-related extensions are summarized in Figure 7-2. 
These projects are identified by their project type; primarily by pipe replacement (PR), or future extension 
(FE). A schedule for the development of sewer extensions is not provided, as the basis for these 
improvements is market and developer driven. Due to uncertainties regarding the time it will take for 
development to occur, we recommend close monitoring of the growth in the various basins. 

9.3 Basis of Opinions of Probable Costs
The projects were selected in consultation with City staff and represent individual lift station packages and 
trunk sewer segments. 

Basic planning-level assumptions were built into the cost estimates. The 50-year pipe sizes and 20-year 
pipe sizes are indicated separately in the sub-area figures, where applicable. The 50-year pipe diameters 
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were used in the basis of cost and for the underground components of pump stations. Twenty-year flows 
were used as the basis of cost for the pump station electrical and mechanical components.

Preliminary cost estimates generally wrap additional costs of construction and contingency into each bid 
item. Detailed cost estimates cannot be produced until connection details, specific site constraints, and 
construction methods can be determined. As a result, preliminary cost estimates make extensive use of 
assumptions:

 Mobilization, demobilization, insurance, and other non-specified items for complete construction 
installation are assumed to be 10 percent of remaining project cost.

 Construction staking, erosion and sediment control, and habitat restoration are all assumed 
values.

 Pavement restoration assumes that no new road networks will be built prior to sanitary sewer 
construction. Quantity assumes a 12-foot-wide, full-lane replacement with 6 inches of hot mix 
asphalt pavement.

 Shoring is assumed to be approximately $2 per foot of sanitary sewer.
 Traffic control is assumed to be approximately $5 per foot of roadway alignment.
 Manhole costs are assumed to increase $1,500 for each additional 4 feet of depth.
 Sanitary sewer construction costs are assumed to increase $30 a foot for each 4 feet of depth 

beyond depths of 12 feet.
 Force main construction is assumed to be constructed at minimum bury of 30 to 36 inches of 

cover.
 Acquisition and costs related to property and easements were included in the cost estimate for 

each relocated or new pump station assuming a 2,500 square foot footprint. Trunk sewer or off-
site easements are assumed to be dedicated by the developer.

 Pump station site preparation, including grading, is included in the cost estimates.
 Pump station equipment is assumed to match City standards.
 Odor control is omitted at pump stations larger than 1,000 gpm and included at all other pump 

stations.
 Backup power generators are included at all pump stations.
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10. FINANCIAL IMPLICATIONS
10.1 Introductions
The implementation of the general sewer plan depends on a number of factors: rate of growth and 
associated management policies, costs of improvements, method of financing, and regulator input. Of 
these, funding is the primary factor under the control of the City, and is thus the focus of discussion in this 
section of the plan.

10.2 Institutional Responsibilities
The City owns and operates the collection system serving the area within the Battle Ground UGB and the 
wastewater transmission pump station. The City has sole responsibility for the operation, maintenance, 
and improvement activities associated with the collection system and transmission pump station. It is 
logical to assume that the City will continue to own and be responsible for the sewer system and its 
growth throughout the 20-year planning period. 

The Alliance, is responsible for operating the transmission force main and downstream conveyance and 
wastewater treatment facilities. Additionally, the Alliance is the owner/operator of the Bioxide chemical 
dosing facility located at the transmission pump station.

Monthly sewer service charges and sewer connection fees are established and collected by the City and 
include a regional component for the facilities owned and operated by the Alliance.

10.3 Funding Options for Capital Improvements
Funding issues regarding the City's sewerage facilities have historically been addressed in an 
independent rate study. Connection fees have been used to fund new capital improvements that increase 
system capacity, while monthly rate revenues have been used to fund operation and maintenance costs. 
While this funding structure will likely continue, additional funding options are summarized in the following 
paragraphs.

10.3.1 Existing Capacity Deficiencies and Pump Station Maintenance
The sewer plan modeling effort and flow monitoring identified a single capacity deficient upgrade that may 
not be necessitated by developer-related sewer extensions. Funding for these improvements had 
historically been considered part of the sewer rates. We recommend completing an independent rate 
study to identify the effect upon sewer rates that would result from the improvements identified in this 
plan.

10.3.2 Developer Related Capital Improvements.
Currently, Battle Ground finances capital improvements associated with capacity expansion with revenue 
from system development charges (SDCs). This general sewer plan, once adopted, will be the basis for a 
revised calculation of the SDCs based on the capital facilities plan component of the comprehensive plan.

The current SDC collected by the City is $8,854 per EDU. This amount was calculated in consulatation 
with FCS group in consideration of costs for system improvements (both within the City and the City’s 
proportionate share of costs with the Alliance) necessitated by development and system expansion.

Battle Ground previously collected an SDC from Hockinson, but not from Meadow Glade. This rate 
structure was recently revised so that no SDC is charged to either user; however, a usage rate was 
implemented as a capital and maintenance charge for the wastewater transmission facilities. This rate is 
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billed at $0.50 per 100 cubic feet, which is billed directly to CRWWD for both Hockinson and Meadow 
Glade.

Although Battle Ground currently relies completely upon SDC financing to fund capacity-related capital 
improvements, we suggest that consideration be given to local improvement district (LID) financing for 
improvements associated with gravity sewer extensions down drainage ways. LID financing may be the 
best option for these sewers because it could avoid the cost of interim pump stations. As it stands, a 
vacant parcel in the basin served by the proposed sewer has three options: (1) wait until sufficient 
demand in the basin develops to join with others and implement developer financing to complete the 
sewer; (2) construct an interim pump station and the upstream sewer segment needed for that particular 
parcel; or (3) wait until the City generates the funds to construct the entire sewer. Given the lengthy time 
associated with obtaining easements and related environmental permits for sewers down these drainage 
ways, significant challenges are associated with each option. LID financing would avoid many of these 
challenges. 

10.4 Financing System Operation and Maintenance
Current monthly charges are $34.00 per EDU with an additional charge of $1.30 per 100 cubic feet of 
water consumption.

Wastewater flows from Hockinson and Meadow Glade are discharged to Battle Ground for transmission 
to the Salmon Creek wastewater management system. As previously discussed, CRWWD is billed 
monthly at a flat rate of $0.50 per 100 cubic feet based on monthly flow meter recordings.

Battle Ground relies on periodic studies to determine the adequacy of rates. Current revenue is adequate 
to cover operating expenses and depreciation. Periodic updates will continue in order to provide the 
revenue necessary to cover increases in operating costs.

10.5 Effect of Capital Improvement Plan on System Development 
Charges
The planned population growth within the next 20-years is estimated to be approximately 19,146 people. 
At 2.59 people per EDU, the resulting growth in EDUs alone is 7,392 EDUs. SDCs for the improvements 
are based upon the total capital cost of improvements that are SDC eligible and the total number of SDCs 
to be added within the next 20-years. A detailed summary of capital improvement projects is included in 
Section 9. The City maintains a detailed project list that contains the projects that have been determined 
to be SDC creditable.

The City will review the SDC creditble project list annually as part of the revolving annual update to the 6-
year Capital Improvement Plan. The SDC rate will be adjusted if necessary through action by the City 
Council. It is recommended that a full financial rate analysis be completed to derive actual SDC rates prior 
to Council action related to modifications of the SDC rate.
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11. ENVIRONMENTAL ASSESSMENT
11.1 General
The implementation of the general sewer plan would have the potential to result in temporary and short-
term environmental effects related to construction activities. These would be expected to involve heavy 
construction equipment, earth-moving activities (excavation and fill), pipe laying, and above-ground 
construction activities related to the pump stations. During operation, the general sewer plan would result 
in increased wastewater flows to the existing collection system and the SCWTP, which discharges treated 
wastewater to the Columbia River.

11.2 State Environmental Policy Act Requirements
The City of Battle Ground is expected to update its comprehensive plan in 2016. In accordance with GMA 
requirements, this update would address public facilities planning, including planning for sanitary sewer 
service to the City’s expanded UGA. The City will be required to conduct an environmental review of the 
comprehensive plan update under the State Environmental Policy Act (SEPA) pursuant to WAC 197-11. 

11.3 Comprehensive Growth Management Plan Environmental Impact 
Statement
A supplemental environmental impact statement (SEIS) is being completed by Clark County in 
conjunction with the growth management planning process that is currently underway. The draft SEIS is 
expected to assess four future growth alternatives and is scheduled to be issued in late summer 2015. A 
link to the County 2016 comprehensive growth management plan update and EIS information is located 
below. 

http://www.clark.wa.gov/planning/2016update/alternatives.html

http://www.clark.wa.gov/planning/2016update/alternatives.html
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