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SECTION 1 
 

EXECUTIVE SUMMARY 
 
 
1.1 BACKGROUND 
 
State law (WAC 173-240-050) requires cities to have an adopted general sewer plan addressing 
all planned wastewater system upgrades or expansion, or an approved engineering report for 
each individual project proposed.  The City of Battle Ground adopted a general sewer plan in 
2005 [1].  This document updates that plan.   
 
 
1.2 STUDY AREA 
 
The study area generally includes the area within and adjacent to the existing city limits, plus the 
future growth area which is primarily to the north, south, and west of the existing Urban Growth 
Area.  The growth area is shown in Figure 3.3 in Section 3. 
 
 
1.3 EXISTING SEWERAGE SYSTEM 
 
The existing sewer system consists of a network of gravity sewers along with eleven pump 
stations.  This network currently discharges to the McClure Pump Station, which also receives 
wastewater from the Meadow Glade and Hockinson pressure sewer systems, which are owned 
and operated by the Clark Regional Wastewater District (CRWWD).  From there, the wastewater 
is pumped to the Salmon Creek Wastewater Management System where it is conveyed to Clark 
County’s Salmon Creek Wastewater Treatment Plant.  
 
 
1.4 PROPOSED SEWER PLAN 
 
This General Sewer Plan was prepared primarily for the wastewater collection system.  Although 
general information is provided for the treatment plant, it is very conceptual.  Existing and future 
wastewater transmission, treatment, and disposal are addressed in further detail in Appendix H. 
 
Proposed collection system improvements include approximately 6.8 miles of gravity sewer 
ranging in size from 8-inch to 30-inch diameter, the upsizing of three existing pump stations, the 
construction of five new pump stations, and approximately 1.7 miles of force main ranging in 
size from 4-inch to 20-inch diameter. 
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1.5 CAPITAL IMPROVEMENT PLAN 
 
The following capital improvement plan identifies the improvements proposed for the 20-year 
planning period.  Gravity sewer, pump station and force main cost estimates are based on 2007 
construction dollars.  Wastewater transmission and treatment cost estimates are based on 2011 
construction dollars. 
 

Table 1.1 
20-YEAR WASTEWATER SYSTEM COST ESTIMATES 

 
Improvement 
Designation 

Length
(Ft) 

Size 
(In) [a] 

Facility 
Cost ($) [b] Priority 

Gravity Sewers  

South West/Meadow Glade Service Area 
S12-1 2200 12 276,000 1 
S12-2 1700 8 268,000 1 
S13-1 2600 24 1,049,000 3 
S13-2 2600 21 968,000 3 
S13-3 1900 15 259,000 2 
S13-4 1350 15 184,000 1 
S13-5 5300 15 722,000 2 
S31-1 1275 10 219,000 1 

Northwest 

S6-1 2950 24 833,000 1 
S10-1 2550 21 668,000 2 
S10-2 2550 18 389,000 2 
S10-3 1300 18 301,000 2 
S10-4 1400 18 324,000 1 
S10-5 1350 18 312,000 1 
S10-6 2675 15 548,000 3 
S11-1 4700 18 1,352,000 2 
S11-2 1225 12 379,000 2 
S21-1 1700 15 526,000 1 
S21-2 1400 15 287,000 1 
S31-2 700 8 111,000 1 
T2-2:T2-11 2150 12 269,000 2 
T2-11:T2-16 1675 10 197,000 2 
PS7-ALT 1650 12 307,000 3 
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Improvement 
Designation 

Length
(Ft) 

Size 
(In) [a] 

Facility 
Cost ($) [b] Priority 

Northeast 
S5-1 1350 15 184,000 1 
S5-2 1325 15 180,000 1 
S5-3 1900 15 389,000 1 
S5-4 2350 8 600,000 1 
S5-5 2150 8 549,000 1 
S5-6 1350 8 367,000 2 
S20-1 1700 15 526,000 2 
S2-1 1750 12 503,000 1 
S2-2 1800 10 518,000 1 
I5-1 1350 10 389,000 1 
S4-1 1900 21 326,000 1 
S4-2 3500 21 601,000 3 

Southeast 
S14-1 475 24 192,000 2 
S14-2 1050 18 355,000 1 
S14-3 2800 15 867,000 2 
S15-1 3400 15 1,052,000 3 
S15-2 1900 12 546,000 3 
S16-1 3200 27 1,331,000 2 
S16-2 1950 24 787,000 3 
S16-3 2800 21 1,042,000 3 
S16-4 2850 12 819,000 3 
S16-5 2300 15 712,000 2 
S16-6 2050 12 589,000 1 
S16-7 2800 10 762,000 3 
PS9-ALT 2050 8 524,000 3 

Gravity Sewer Subtotal  $25,458,000  
 

Pump Stations/Force Mains 

FMPS2 3800 20 1,175,000 2 
PS-T2   500,000 1 
FM2 3050 6 369,000 1 
PS-T10   1,300,000 1 
FM10-1 2900 12 514,000 1 
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Improvement 
Designation 

Length
(Ft) 

Size 
(In) [a] 

Facility 
Cost ($) [b] Priority 

FM10-2 3370 12 593,000 1 
FM10-3 3050 12 838,000 2 
FM10-4 450 12 124,000 2 
PS-T13   1,550,000 3 
FM13 7150 12 1,306,000 3 
PS-T15   1,450,000 2 
FM-T15 3050 12 555,000 2 
PS-T16   1,250,000 2 
FM16 7150 14 1,852,000 2 
PS-T20   450,000 3 
FM20 850 4 116,000 3 
PS/FM Total 

  $13,942,000  
 

20 Year Total   $39,011,000  

Wastewater Transmission and Treatment  

Purchase 2.76 MGD 
Additional Capacity 

18,000,000  

Expand Flow EQ 
Basin / Increase PS 
Capacity 

5,000,000 
 

Parallel Force Main 16,000,000  

Klineline Pump 
Station 
Improvements 

2,000,000 
 

20 Year Total $41,000,000  
 
    Notes: 

a. Gravity sewer sizing based on minimum slope, force main at 6-ft/sec 
velocity. 

b. Gravity sewer, pump station and force main costs in 2007 dollars.  Does 
not include 40% for engineering, tax and contingency. 
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Table 1.2 
6 -YEAR CAPITAL IMPROVEMENTS SUMMARY 

 
Proposed 

Construction 
Year Capital Improvement Cost ($) 

2007 

General Sewer Plan and Capital Facilities Plan 100,000 

Sewer Main S5-1 – 1350’ of 15-inch gravity sewer 184,000 

Sewer Main S5-2 – 1325’ of 15-inch gravity sewer 180,000 

Sewer Main S5-3 – 1900’ of 15-inch gravity sewer 389,000 

Sewer Main S5-4 – 2350’ of 15-inch gravity sewer 600,000 

Sewer Main S5-5 – 2150’ of 15-inch gravity sewer 549,000 

2008 

Sewer Main S10-5 – 1350’ of 18-inch gravity sewer 312,000 

Sewer Main S10-4 – 1400’ of 18-inch gravity sewer 324,000 

Sewer Main S21-1 – 1700’ of 15-inch gravity sewer 526,000 

Sewer Main S21-2 – 1400’ of 15-inch gravity sewer 287,000 

Sewer Main I5-1 – 1350’ of 10-inch gravity sewer 389,000 

2009 

Sewer Main S12-1 – 2200’ of 12-inch gravity sewer 276,000 

Sewer Main S12-2 – 1700’ of 8-inch gravity sewer 268,000 

Sewer Main S4-1 – 1900’ of 21-inch gravity sewer 326,000 

Force Main FM10-3 – 3050’ of 12-inch force main 838,000 

Force Main FM10-4 – 450’ of 12-inch force main 124,000 

2010 

Sewer Main S31-1 – 1275’ of 10-inch gravity sewer 219,000 

Sewer Main S2-1 – 1750’ of 12-inch gravity sewer 503,000 

Pump Station PS-T2 – 340 gpm capacity 500,000 

Force Main FM2 – 3050’ of 6-inch force main 369,000 

Trunk 2 Sewer – pipe bursting 1675’ of existing 8” sewer 197,000 

2011 

Sewer Main S31-2 – 700’ of 8-inch gravity sewer 111,000 

Sewer Main S2-2 – 1800’ of 10-inch gravity sewer 518,000 

Sewer Main S14-2 – 1050’ of 18-inch gravity sewer 355,000 

Sewer Main S16-6 – 2050’ of 12-inch gravity sewer 589,000 

WRF Phase 1 Improvements 24,800,000 

2012 

Sewer Main S13-4 – 1350’ of 15-inch gravity sewer 184,000 

Sewer Main S6-1 – 2950’ of 24-inch gravity sewer 833,000 

Pump Station PS-T10 – 4,090 gpm capacity 1,300,000 
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Proposed 
Construction 

Year Capital Improvement Cost ($) 

2012 
Force Main FM10-1 – 2,900’ of 16-inch force main 514,000 

Force Main FM10-2 – 3,370’ of 12-inch force main 593,000 
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SECTION 2 
 

INTRODUCTION 
 
 
2.1 BACKGROUND 
 
The City of Battle Ground adopted a general sewer plan in 2005 [1].  Rapid growth since 
completion of that plan has necessitated an update.  This document provides that update. 
 
 
2.2 AUTHORIZATION 
 
In March 2006, the City of Battle Ground authorized Wallis Engineering to complete this 
General Sewer Plan.  
 
 
2.3 STUDY PURPOSE 
 
The objective of this General Sewer Plan is to develop comprehensive long-range plans for the 
orderly development of adequate wastewater collection and treatment facilities for the City of 
Battle Ground’s Urban Growth Area.  The Plan has been written to meet the requirements of the 
Washington Administrative Code (WAC) 173-240-050(3), Requirements for General Sewer 
Plans. 
 
 
2.4 SCOPE 
 
Included within the scope of the General Sewer Plan are the following objectives: 
 
1.  Evaluation and review of the existing sewers. 
 
2. Population determination and projections for the service area as defined by the Battle 

Ground Urban Growth Area. 
 
3. Forecast of future flows and wasteloads. 

 
4. Establishment of planning criteria for sewer collection.  

 
5. Determination of a general plan for sewer collection facilities required to satisfy existing 

and future needs of the service area. 
 

6. Development of cost estimates for proposed sewer facilities identified in the General 
Sewer Plan. 
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7. Addressing the financial and administrative issues related to the Plan and its 

implementation. 
 
8. Providing general planning information to assist the City in finalizing growth 

management planning efforts. 
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SECTION 3 
 

GENERAL INFORMATION 

 
 
3.1 STUDY AREA 
 
Located approximately 15 miles northeast of Vancouver, Washington, the City of Battle Ground 
and its UGA are located between the East Fork of the Lewis River and Salmon Creek.  The study 
area is comprised of the city proper and the undeveloped areas surrounding the City, which 
includes rural housing, forest, and farms.  Figure 3.1 represents the vicinity map for the City. 
 
The study area includes the area within the existing City of Battle Ground incorporated city 
limits and the Urban Growth Area (UGA) designated in the 2006 Preferred Urban Growth Area 
Map dated October 24, 2006.  The UGA was established by Clark County following an extensive 
comprehensive planning effort completed in conjunction with the City.  The UGA utilized in this 
plan is the preferred “October discussion boundary” used by Clark County during Growth 
Management Plan Review, plus an additional area identified by the City.  Together, these two 
areas comprise the 2026 UGA.   
 
Likely future UGA expansion areas outside the 20-year boundary have also been identified due 
to the rapid residential growth rate, which continues to exceed planning estimates.  Detailed 
sewer planning is limited to the currently proposed UGA, with general discussions for areas 
outside the UGA. 
 
 
3.2 ENVIRONMENTAL CONDITIONS 
 
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, provides the only steep slopes in the area.  Rising over 600 feet in elevation, a 
significant portion of Tukes 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 Surface 
Water later in this section. 
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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.   
 
SOILS 
 
Based on the Soil Survey of Clark County, Washington [3], Dollar Loam and Hockinson Loam 
represent the majority of 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. 
 
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. 
 
Battle Ground is unique as compared to most other cities in the fact that groundwater (perched or 
otherwise), is shallow for much of the wet weather months.  The City is located largely in an area 
that originally had significant wetlands.  This has great significance relative to the City’s 
problems with infiltration and inflow.  Battle Ground’s sewers, both main line and house laterals, 
are submerged for extended lengths of time during the wet weather months.  In cases such as 
this, sewers are prone to high levels of infiltration, even if they are in relatively good condition.  
Another consequence of high groundwater is that during periods of wet weather, water often 
ponds in yards and under homes, which provides incentives for homeowners to make illegal 
connections to house sewers for the purpose of drainage. 
 
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 



Figure 3.1: Vicinity Map
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and flows to the west.  The East Fork of the Lewis River is located less than one mile north of 
the existing city limits but is outside the Battle Ground UGA.   
 
 
3.3 LAND USE 
 
Land use within the boundaries of the City is established by zoning ordinance.  Most of the area 
is residential.  The majority of commercial activity is concentrated in the downtown core area 
along Main Street and Highway 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 
2004 Comprehensive Plan also provides for light industrial development in the southern corner 
of the UGA adjacent to Highway 503. 
 
Land use within the Battle Ground UGA is addressed in the 2004 Comprehensive Plan.  The 
2024 Land Use and UGA are presented in the comprehensive plan in Figure 3.2.  The 2024 Land 
Use and UGA figure has been amended to reflect expected growth by 2026 and is reflected in 
Figure 3.3.  The 2026 planning data was obtained through the City of Battle Ground. 
 
Land use outside Battle Ground's UGA is currently governed by the Clark County 
Comprehensive Plan.   
 
 
3.4 PUBLIC WATER SYSTEM 
 
Since 1954, Battle Ground has owned and operated the water system that serves the City.  Battle 
Ground's water system is shown in Figure 3.4.  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 utilized interties with the Meadow Glade Water 
District, 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 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 Horse Thief 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.  Residents 
in the rural areas surrounding Battle Ground also 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.  The location of the existing wastewater surge 
lagoon and transmission pump station is also shown in Figure 3.4, which shows the proximity to 
City wells.  No private wells are known in close proximity to the existing wastewater surge 
lagoon.   
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SECTION 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.  The sanitary sewer system has been 
expanded and upgraded to accommodate growth since 1958. 
 
The City’s treatment facility was upgraded twice following construction of the facultative lagoon 
in 1958.  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 
utilized 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 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 the 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 DOE 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 a total of only 150 additional connections 
were allowed.  After July 1992 a moratorium was placed on new connections to the City sewer 
system. 
 
In May 1985 the Infiltration/Inflow, Sewage, Treatment Plant and Receiving Stream Evaluation 
Report by Whiteley, Jacobsen, and Associates was completed to evaluate 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 of the 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 Clark County 
Salmon Creek Treatment Plant (SCTP).  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 nine miles to the SCTP collection system.  Clark County offered 
Battle Ground the opportunity to pay the cost of oversizing the Meadow Glade Pressure sewer, 
which thus greatly reduced Battle Ground’s buy-in cost.  The City opted to abandon its 
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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 December 21, 1988, between Clark County and the City 
of Battle Ground 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 April 15, 1993. 
 
Since lifting the moratorium in April of 1993, growth has been extremely rapid.  A General 
Sewer Plan was completed in 1995 based on a growth rate forecast at 6% a year.  Actual growth 
far exceeded this estimate, forcing the City in early 1998 to stop accepting new residential land 
division applications.  A sewer plan update was again approved by DOE in 2000 and 2003.  
These plan updates addressed this surge in population and re-examined impacts to the collection 
system, regional transmission system, and SCTP capacity allocations. 
 
In March 2006 the City of Battle Ground authorized Wallis Engineering to update the General 
Sewer Plan.  This update to the General Sewer Plan is being completed in conjunction with 
current comprehensive planning efforts. 
 
 
4.2 CURRENT SERVICE AREA 
 
The area served by the City of Battle Ground's sewer system is outlined in the existing sewer 
system map, Figure 4.1.  A more detailed existing collection system map is included in Appendix 
A, which 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 
of Battle Ground.   
 
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.  Both systems are operated by the Clark Regional Wastewater 
District (CRWWD).  A portion of the Meadow Glade service area is located within the City’s 
UGA.  Should this area be annexed in the future, sewer service is assumed to transfer to the City. 
 
As discussed in Section 5, the fact that the Meadow Glade area is served by a type of sewer 
system incompatible with urban development presents a serious challenge to the City in their 
effort to provide cost-effective sewer service to their community. 
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4.3 COLLECTION SYSTEM 
 
DESCRIPTION 
 
The City of Battle Ground owns, operates, and maintains over 60 miles of sanitary sewer 
collection lines and mains. 
 
The majority of the collection system consists of 8-inch diameter pipe with trunk 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, 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 eleven 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 have a back-up power supply 
in the form of an on-site generator, except for Pump Station No. 6.   
 
Over time, the City has completed several pump station improvement projects; the most recent 
one being the 2006 reconstruction of Pump Station No. 1.  The City has also installed flow 
meters on all of the pump stations to provide basin specific flow monitoring to assist in the 
identification of 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 DATA SUMMARY 

 
Pump 

Station 
No. Location 

Pump 
(horsepower) 

Design 
Capacity 

(gpm) 
Emergency 
Generator 

1 Treatment Plant 25 Hp 2,700a (triplex) Diesel 

2 Gardner 98 Hp 5,200a (triplex) Diesel 

3 Battle Ground West 12 Hp 250 Propane 

4 Cedars 10 Hp 160 Propane 



Section 4 – Existing Facilities 

 
_____________________________________________________________________________________________ 
City of Battle Ground General Sewer Plan 4-5 
March 2011 FINAL DRAFT 

Pump 
Station 

No. Location 
Pump 

(horsepower) 

Design 
Capacity 

(gpm) 
Emergency 
Generator 

5 Cedars East Not Available Propane 

6 Industrial 5 Hp 235 None 

7 Country Terrace 3 Hp 140 Propane 

8 Winchester Ranch 5 Hp 220 Propane 

9 Clover Meadows 3 Hp 125 Propane 

10 Horse Thief Canyon 3.2 Hp 100 Propane 

11 Lewisville Meadows 30 Hp 1,325 Propane 

 
 Notes:  
 a. Variable Speed Pumps 
 
COLLECTION SYSTEM CAPACITY EVALUATION 
 
The capacity of the existing collection system, particularly sections of the original sewers, are 
greatly influenced by I&I during extended periods of heavy rain when the groundwater level 
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 personnel, historical surcharge areas include the 
lower reaches of Interceptor 1, three sewers between Pump Station No. 1 and Rasmussen Blvd.  
Surcharging is also occasionally observed at the Lateral 10 connection to Trunk 2 south of Main 
Street. 
 
The existing sewer system was hydraulically modeled using the techniques described in 
Appendix B and Section 7.4.  The model identified surcharging in two areas: the segment of pipe 
immediately adjacent to Pump Station No. 1 and at the intersection of Trunk 4; and the force 
main from Lewisville and Winchester.  Trunk 4 was assumed to be at a minimum slope, 
therefore the surcharging may not be a reality based upon actual invert elevations. 
 
Overall, despite the surcharging, the collection system has capacity to accommodate current 
flows without overflow.  A more detailed evaluation of existing collection system capacity is 
included in Section 7, based on projected 20-year flows. 
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4.4 TREATMENT AND DISPOSAL FACILITIES 
 
DESCRIPTION 
 
As previously discussed, the City conveys wastewater to the Salmon Creek Wastewater 
Treatment Plant (SCTP).  This wastewater treatment plant facility is operated by Clark County 
Public Works.  The City of Battle Ground wastewater transmission system consists of two major 
components: the pumping facilities, which include pretreatment and equalization/detention 
facilities, and the 16-inch force main.  These facilities are currently owned, operated and 
maintained by the City of Battle Ground. 
 
The Interlocal Agreement between Clark County and the City is the document which governs the 
treatment of Battle Ground’s sewage by SCTP.  This agreement originally allocated 18% of the 
treatment plant capacity to the City with a corresponding 18% investment in the capital costs to 
construct the various phases of the plant.  The City must also pay for the operation and 
maintenance costs of the plant based upon its flow rate of sewage.   
 
The SCTP has only two customers, Battle Ground and the Clark Regional Wastewater District 
(CRWWD).  Therefore, the plant’s flow capacities and costs, which 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.  A copy 
of the Interlocal Agreements and addendums are included in Appendix E. 
 
Another part of the Interlocal Agreement stipulates that the County will be responsible for the 
force main portion of the transmission system.  This understanding has not been implemented as 
of the date of this report.  The ownership, operation, and maintenance of the force main remains 
with the City.  
 
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 Septic Tank Effluent Pumping 
(STEP) systems.  The City currently has no formal agreement with CRWWD or the County 
concerning the allocation of Meadow Glade and Hockinson wastewater flows with respect to 
transmission system, interceptor sewer, or treatment plant capacity.  The current agreement only 
guarantees that the County will guarantee capacity of the line equal to the actual purchased 
capacity.  The agreement allows for oversizing of the line at the expense of the City.  This Plan 
recommends that the agreement be amended to include agreements discussing how increased 
flows from Hockinson and Meadow Glade are allocated. 
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4.5 TRANSMISSION SYSTEM FACILITIES 
 
TRANSMISSION PUMPING FACILITIES 
 
The transmission pumping facilities were constructed at the site of the City's existing wastewater 
treatment plant.  Many features of the wastewater treatment plant were incorporated into the 
pumping facilities, which are owned and operated by the City. 
 
The City recently constructed a new headworks structure to replace the previous headbox and 
comminutor.  Existing force mains are connected to the new headworks, which includes a new 
grinder with a capacity of 7.0 mgd.  In addition, the new facility includes a bypass channel for 
the future installation of a second grinder with equal capacity. 
   
The transmission pump station building houses four variable speed drive pumps which are 
situated in the lower level of the pump building with the motors and electrical systems housed at 
ground level.  A summary of the existing pump data is presented in Table 4.2. 
 
 

Table 4.2 
TRANSMISSION PUMP STATION PUMP SUMMARY 

 

Pump 
Station 

No. 
Pump 

(horsepower) 
Design Capacity 

(gpm) 

1 10 Hp 700 to 1,325 gpm (1 - 1.9 mgd) 

2 10 Hp 700 to 1,325 gpm (1 - 1.9 mgd) 

3 25 Hp 1,2500 to 1850 gpm (1.8 – 2.7 mgd) 

4 75 Hp 1,625 to 2,900 gpm (2.3 – 4.2 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 wetwell.  The 
discharge flow rate is measured by a magnetic flow meter located downstream of the pump 
station and the wetwell level is monitored by a bubbler system. 
 
The equalization basins provide for the short-term storage of peak wastewater flows.  Aeration is 
provided 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.  When flows exceed the 
storage capacity of the equalization basins, automatic controls close the valve to the equalization 
basins and open the valve to the lagoon, allowing surplus wastewater to be stored in the lagoon.   
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The 8-acre lagoon provides for the temporary storage of flows that exceed system capacity.  The 
lagoon has an overall depth of 6.5 feet.  The volume needed for wastewater detention varies and 
is highly dependent on contributions from infiltration and inflow (I&I).  Excess flow will enter 
the lagoon when either the flow exceeds the capacity of the headworks or when the equalization 
basins are full.  When flows subside, the wastewater stored in the lagoon will drain back to the 
wetwell.   
 
Past concerns regarding odors and groundwater contamination from the lagoon resulted in the 
City moving forward with flow equalization basin and transmission pump station improvements 
which will allow the City to abandon the surge lagoon.  The work currently under construction 
includes a new 3.5 million gallon flow equalization basin constructed of reinforced concrete with 
an aluminum roof and new transmission pump station.  The flow equalization basin floor will be 
sloped at a 2% grade to a center trench which will slope to the wetwell of the new transmission 
pump station (which is integral to the equalization basin).  The equalization basin will be actively 
ventilated but not scrubbed for odor control.  Provisions will be provided, however, for the future 
installation of both mixers and a scrubber.  The new basin will be connected hydraulically to the 
existing equalization basin, thus providing a total storage capacity of 4.15 million gallons.   
 
The existing transmission pump station will be decommissioned following construction of the 
new pump station facility.  The new pump station will have a firm capacity of 4.6 mgd.  The 
pump station will be an integral part of the new flow equalization basin, and will utilize 
submersible pumps.  The new pump station will include emergency power provisions which will 
automatically start and stop a generator in response to power failure and restoration. 
 
FORCE MAIN 
 
The 16-inch transmission system force main conveys wastewater from the Battle Ground 
pumping facility to the CRWWD interceptor sewer system, which in turn flows to Clark 
County's Salmon Creek Wastewater Treatment Plant.  The force main flows southwest, nine 
miles to the point of discharge into the interceptor sewer located at Betts Road 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 specific 
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 is capable of being 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 designed for the purpose of inserting a 
polyurethane pig into the force main to remove accumulated sediments and debris.  A pig 
retrieving station is located at the end of the force main and consists of a hinged screen that can 
be positioned in the waste flow to catch the pig upon exiting the pipe.  In July 1994, the City 
pigged the entire pipeline.  The maintenance operation was successful and City personnel 



Section 4 – Existing Facilities 

 
_____________________________________________________________________________________________ 
City of Battle Ground General Sewer Plan 4-9 
March 2011 FINAL DRAFT 

observed no excessive build up of solids in the force main.  Pigging of the lower one-third of the 
force main was completed in June 2003. 
 
To maintain aerobic conditions, the transmission system was originally 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 utilizing Bioxide.  The chemical 
injection facility is located immediately south of McClure Pump Station.  
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SECTION 5 
 

PLANNING CRITERIA AND SEWERAGE SYSTEM REGULATIONS 
 
 
5.1 GENERAL CONSIDERATIONS 
 
In order to evaluate alternatives for sewer service within the Battle Ground UGA and develop the 
General Sewer Plan, it is necessary to develop general planning criteria for the sewer system.  
The planning criteria presented in this section establishes the basis of the analysis of the system 
and recommended improvements.  The planning criteria were developed based on the review of 
existing system studies and reports, applicable regulations, discussions with City personnel, 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 specific facilities. 
 
 
5.2 PLANNING PERIOD 
 
For the purpose of this General Sewer Plan, the planning period is twenty years and the final year 
of the planning period is 2026.  
 
 
5.3 SERVICE AREA 
 
The service area boundary is shown in Figure 3.3.  It comprises the area within the currently 
proposed Urban Growth Area.  That proposed Urban Growth Area (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 has been identified by the City as part of the ongoing comprehensive 
planning process.  Zoning within the UGA is primarily divided into residential, commercial, 
industrial uses, and parks.   
 
 
5.4 COLLECTION SYSTEM DESIGN CRITERIA 
 
Standard textbook design criteria were used in the conceptual design of the collection facilities 
presented in the plan along with guidelines presented in the Washington State Department of 
Ecology's (DOE) Criteria for Sewage Works Design [4]. 
 
Gravity sewers are sized using a Manning's Roughness Coefficient of n = 0.013.  Because final 
vertical alignment of proposed sewers is unknown, proposed sewers were sized assuming flow at 
two (2) feet per second.   
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5.5 COLLECTION SYSTEM SIZING CRITERIA 
 
Gravity sewers are sized to accommodate their basins at build-out conditions under current 
zoning, assuming full-pipe flow conditions and no surcharge.  The sizing of pump station and 
force main capacity is based on 20-year flow projections.  Consideration was given to sizing 
wetwells for ultimate capacity, depending on the location of the pump station and possibility for 
future relocation. 
 
Trunk sewers and pump station wetwells whose upstream drainage basins will likely expand 
with future UGA extensions are sized to accommodate those future UGA expansions as 
discussed in Section 6.   
 
 
5.6 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 Clark County’s Salmon Creek Wastewater Treatment Plant (SCTP) for treatment and disposal.  
Battle Ground participated in the expense of the most recent Phase 4 SCTP expansion and 
capacity upgrades to the Salmon Creek Interceptor system. 
 
Battle Ground participation in upgrades to the Salmon Creek Interceptor will provide a 
maximum month flow capacity of 10.10 mgd.  The Phase 4 SCTP expansion allocation provided 
Battle Ground with a maximum month flow capacity of 3.47 mgd.  The following Phase 5 SCTP 
expansion will increase the Battle Ground treatment allocation to 4.47 mgd.  Kennedy/Jenks 
Consultants has completed an alternatives analysis for future transmission, treatment, and 
disposal alternatives as presented in Appendix H 
 
 
5.7 MEADOW GLADE SERVICE AREA PLANNING ISSUES 
 
The Meadow Glade area is currently served by a pressure sewer system owned and operated by 
the CRWWD.  There is a significant deficiency with that system related to the fact that the 
Meadow Glade area lies within the logical future urban area of Battle Ground, yet its pressure 
sewer system is not compatible with urban land use.  That problem deficiency is more 
pronounced following Battle Ground’s UGA expansion into a significant portion of the Meadow 
Glade service area.   
 
It is a generally accepted fact that gravity sewer service is necessary to serve urban land use.  In 
extending gravity sewers into an undeveloped area, or an area served by septic tanks, there is an 
incentive for property owners to pay all or part of the cost of sewer service.  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 recently retained a consultant to prepare a report assessing the 
capacity of the Meadow Glade system.  That report concluded that the existing sewer system 
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requires significant upgrades to accommodate the area at build-out under current zoning.  The 
report did not address the land-use issues.   
 
A supplemental planning effort is needed to address the conflict between land use and sewer 
service to the Meadow Glade area.  Until that effort is completed, and an implementation plan 
for conversion of the area to gravity sewer services, it is recommended that a moratorium be 
placed upon further land division within the Meadow Glade area.   
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SECTION 6 
 

EXISTING AND PROJECTED SEWER FLOWS 
 
 
6.1 20-YEAR PLANNING AREA AND LAND USE PROJECTIONS 
 
The planning area is the proposed City of Battle Ground Urban Growth Area (UGA) from on-
going efforts to update the 2004 Comprehensive Growth Management Plan Review as discussed 
in Section 3.1.  The proposed UGA is the area in which growth is expected to occur through year 
2026.  Land use zoning for the area within the UGA is primarily divided into residential, 
commercial, industrial uses, and parks.  The proposed UGA and city limits are shown in Figure 
3.3.  
 

 
6.2 POPULATION PROJECTIONS 
 
20-YEAR POPULATION AND EDU PROJECTIONS 
 
Wastewater flows are contributed by both residential land uses, and non-residential land uses, 
which include industrial and commercial uses. For purposes of sewer planning, flow and 
wasteload projections are based upon equivalent dwelling units (EDUs).  An EDU represents the 
equivalent flow and wasteload from a typical single-family household.   
 
As with the planning area, population and EDU projections were based upon the City’s 
comprehensive planning efforts which have been on-going for more than four years.  Originally, 
the target date for adoption of the comprehensive plan was 2004.  Although the City did adopt a 
comprehensive plan in 2004, which included the 2004 UGA, that plan was never approved by 
the County.  Since 2004, the City has been attempting to resolve planning issues with Clark 
County.  In doing so, the City has proposed a 2006 UGA as well as 2006 population and EDU 
projections, which are the basis of those used in this general sewer plan.   
 
In updating the adopted 2004 UGA to a proposed 2006 UGA, the following assumptions were 
utilized: 
 

1. The year 2003 residential EDU total presented in the July 2004 Wastewater Facilities 
Plan/General Sewer Plan by CH2M Hill for the Salmon Creek Wastewater Management 
System (SCWMS) remains the starting point for residential EDU projections.   

2. Years 2004 through 2006 EDU totals reflect actual building permits as tabulated in the 
November 13, 2006 Sewer Connection Survey Memo prepared by City Planning.  
Nonresidential EDU values were estimated using the year 2003 commercial/industrial 
and school figures presented in the July 2004 Wastewater Facilities Plan/General Sewer 
Plan  by CH2M Hill for the SCWMS as a starting point.  EDU projections for the 2007 
to 2026 planning period were calculated based upon the following assumptions: 
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a. Average household size is 2.59 persons per unit (1 EDU = 2.59 people). 
b. Residential EDUs are forecasted using a flat assumed growth rate of approximately 

1090 new residents per year. 
c. Nonresidential EDUs would retain current annual growth rates for schools and 

commercial/institutional users at 1.8% and 3.5% respectively.  
 

Using these assumptions, the following Table 6.1 represents projected growth within the UGA.  
In reviewing this table, and others, it is important to note that the years shown are beginning of 
year dates, as opposed to calendar year dates shown in Tables 6.2 and 6.3.  Table 6.1 is used 
throughout this section as the basis for all projected sewer flows.   
 
 

Table 6.1 
POPULATION AND EDU PROJECTIONS 

 

Year Actual Population 
Residential

(EDU) 
School 
(EDU) 

Comm/
Industrial

(EDU) 
Total 
(EDU) 

Population 
Equivalent 

2003 13,039 4,614 221 514 5,349 13,854 

2004 14,220 4,935 225 532 5,692 14,742 
2005 14,960 5,216 229 551 5,996 15,530 
2006 15,810 5,337 233 570 6,140 15,903 
2007 16,900 5,758 237 590 6,585 17,055 
2008 17,990 6,179 242 610 7,031 18,210 
2009 19,080 6,600 246 632 7,478 19,368 

2010 20,170 7,020 250 654 7,924 20,523 
2011 21,260 7,441 255 677 8,373 21,686 
2012 22,350 7,862 259 701 8,822 22,849 
2013 23,440 8,283 264 725 9,272 24,014 
2014 24,530 8,704 269 750 9,723 25,183 
2015 25,620 9,125 274 777 10,176 26,356 
2016 26,710 9,545 279 804 10,628 27,527 
2017 27,800 9,966 284 832 11,082 28,702 
2018 28,890 10,387 289 861 11,537 29,881 

2019 29,980 10,808 294 891 11,993 31,062 
2020 31,070 11,229 299 922 12,450 32,246 
2021 32,160 11,650 305 955 12,910 33,437 
2022 33,250 12,071 310 988 13,369 34,626 
2023 34,340 12,491 316 1,023 13,830 35,820 
2024 35,445 12,918 321 1,059 14,298 37,032 
2025 36,520 13,333 327 1,095 14,755 38,216 
2026 37,610 13,754 333 1,133 15,220 39,420 
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50-YEAR LAND-USE, POPULATION AND EDU PROJECTIONS 
 
Although the planning period is 20 years, a 50-year planning boundary and related 50-year 
population and EDU projections were developed to assess the impacts of future UGA expansions 
upon those facilities proposed for the 20 year planning period.   The 50-year EDU projection was 
estimated as discussed in Subsection 7.3 
 
 
6.3 EXISTING FLOW 
 
Because there is no single influent flow meter, the determination of Battle Ground influent 
wastewater flow requires the analysis of multiple flow meters located throughout the distribution 
system.  The flow records are summarized on monthly flow monitoring reports.  Influent flow 
data from January 2000 to December 2006 has been compiled and reviewed to establish the 
wastewater flow characteristics, and are summarized in the following Table 6.2.  These flows 
include only contributions from the Battle Ground collection system and the Cedars subdivision.  
Flows from Meadow Glade and Hockinson are not included.  Also noted in Table 6.2 is annual 
rainfall data as recorded at the Battle Ground wastewater transmission site.  
 
 

Table 6.2 
BATTLE GROUND 2000-2006 INFLUENT WASTEWATER FLOWS 

(NOT INCLUDING MEADOW GLADE AND HOCKINSON) 
 

Parameter 2000 2001 2002 2003 2004 2005 2006 

Annual Average Daily Flow (mgd) 0.93a 0.99 1.00 1.14 1.31 1.39 1.52d 
Average Dry Weather Flow (mgd)b 0.71 0.73 0.73 0.88 1.16 1.21 1.31d 
Average Wet Weather Flow (mgd)c 1.31a 1.21 1.38 1.49 1.59 1.42 1.73d 
Maximum Monthly Flow (mgd) 1.39a 1.67 1.56 1.58 1.78 1.77 2.20d 
Maximum 24-Hour Flow (mgd) 2.11a 2.61 2.65 3.63 2.45 3.08 3.20 
Minimum 24-Hour Flow (mgd) 0.35a 0.57 0.63 0.67 0.75 0.87 0.38d 
Annual Rainfall (inches) 41.1 45.4 42.2 51.5 46.2 49.9 61.9 

 
 Notes:  
 a. Flows do not include December 2000 flow records, which could not be located. 
 b. Dry Weather Period: July through September. 
 c. Wet Weather Period: January, February, and December. 
 d. Flows attained by subtracting Meadow Glade flowse, Hockinson flows, and rainfall on the lagoon from 

McClure effluent flows. 
 e. Meadow Glade flows assumed during February through May to be a percentage of McClure effluent flows; 

percentages taken from 2005 data. 
 f. Flows do include the supernatant from the surge lagoon. 
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The following Table 6.3 presents the flow characteristics for Table 6.2 in terms of gallons per 
capita per day basis (gpcd) to assess recent flow trends.   
 
 

Table 6.3 
BATTLE GROUND 2000-2006 PER CAPITA FLOWS 

 

Parameter 2000 2001 2002 2003 2004 2005 2006 

Total Equivalent dwelling units 4,019 4,391 4,817 5,349 5,692 5,996 6,140 
Equivalent Population 10,409 11,373 12,476 13,854 14,742 15,530 15,903 
 Hydraulic Loading (gpcd)        
      Annual Average Daily Flow 90 87 80 82 89 90 96 
      Average Dry Weather Flow 68 64 58 63 79 78 83 
      Average Wet Weather Flow 126 108 111 107 108 92 109 
      Maximum Monthly Flow 134 146 125 114 121 114 138 
      Maximum 24-Hour Flow 203 230 212 262 166 198 201 
      Minimum 24-Hour Flow 33 50 50 49 51 56 24 

 
 
6.4 COMMERCIAL AND INDUSTRIAL WASTEWATER 
 
The City has a very limited industrial customer base.  Non-residential sewer connections are 
primarily composed of commercial businesses with wastewater contributions typically domestic 
in nature.  These commercial businesses are service oriented, including restaurants and stores.  
The City currently administers an industrial pre-treatment program in coordination with the 
Clark Regional Wastewater District (CRWWD).  New potential industrial customers are 
identified during the site plan development review process. 
 
Anderson Dairy is currently the largest industrial waste discharge.  Effluent includes milk waste 
and washdown chemicals.  A wastewater discharge permit application was submitted to DOE by 
Anderson Dairy in 1997, which addressed the discharge of effluent with a negative pH impact on 
the wastewater stream.  This application 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.  DOE determined that Anderson Dairy is not 
considered a Significant Industrial User (SIU) and therefore the regulating jurisdiction is the 
City. 
 
United Tempering Services and Ideal Foods are the only other identified industrial users 
discharging to the system.  These industries have limited wastewater discharges, which likely fall 
outside the criteria of a Significant Industrial User.  The City will continue to work with 
CRWWD regarding industrial discharge inspections.  The inspection of existing identified 
industrial waste dischargers and potential dischargers will serve not only to help eliminate the 
potential discharge of harmful pollutants to the wastewater collection system, but serve as an 
educational outreach to City industrial and commercial customers. 



Section 6 – Existing and Projected Sewer Flows 

_____________________________________________________________________________________________ 
City of Battle Ground General Sewer Plan 6-5 
March 2011 FINAL DRAFT 

6.5 INFILTRATION AND INFLOW (I&I) 
 
Infiltration is defined as subsurface water, which enters the wastewater collection system through 
cracks, joints, or other deficiencies in the collection system.  It is directly influenced by the local 
groundwater table and the structural integrity of the collection system.  All collection systems 
experience some degree of infiltration.  Each system must plan and allow for additional capacity 
to accommodate this flow contribution. 
 
Inflow is the component of I&I that is attributed to surface water, mainly stormwater runoff, 
entering the system through roof drains, storm drains, manhole covers, and other direct conduits 
to the sewer system.  Inflow is directly influenced by storm events and usually occurs over a 
short period, during and after a storm event.  Inflow is usually preventable by eliminating non-
sewerage connections to the system.  With older systems, however, identifying illegal sewer 
connections can be difficult. 
 
From extensive I&I studies over a period of 20 years, it is apparent that infiltration is a major 
flow contributor to the Battle Ground wastewater collection system.  The majority of the original 
wastewater collection system was installed in 1958 and 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 due to the relatively flat terrain.  The 
impact of I&I on Battle Ground sewage flows is illustrated in the following Figure 6.1.  This 
figure separates dry weather base flow, I&I, and rain falling on the wastewater transmission site 
surge lagoon for year 2006 influent flows. 
 
 

Figure 6.1 
2006 AVERAGE DAILY INFLUENT COMPOSITION 

0.00

1.00

2.00

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

Fl
ow

 (M
G

D)

Base Flow I&I Rain on Lagoon  



Section 6 – Existing and Projected Sewer Flows 

_____________________________________________________________________________________________ 
City of Battle Ground General Sewer Plan 6-6 
March 2011 FINAL DRAFT 

HISTORICAL INFILTRATION AND INFLOW REDUCTION PROGRAMS 
 
For the past 20 years, the City has been actively involved in an I&I removal program.  The first 
major effort was started in 1984.  The May 1985 Infiltration/Inflow, Sewage Treatment Plant and 
Receiving Stream Evaluation Report included an evaluation of I&I.  This evaluation utilized 
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 appears to be uniformly disbursed throughout the collection 
system originally constructed in the 1950s-80s, which is served by Pump Stations No. 1 and No. 
2. 
 
From 1985 to 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 Infiltration and Inflow Report was completed in 
1995.  This effort included field inspections of collection system manholes to identify areas 
suspected of elevated levels of I&I.  Based on these observations, sewers in certain areas were 
recommended for television inspection.  Technical memorandums were then completed 
summarizing observed leaks and recommended areas of repair. 
 
The City initiated rehabilitation work to remedy problem areas identified in the 1995 report, 
including mainline cured-in-place rehabilitation, mainline slip lining, and dig and replace point 
repairs as shown in Figure 6.2.  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 from that study indicated that extensive rehabilitation may be cost 
effective. 
 
Following 15 years of extensive efforts at correcting inflow problems and repairing mainline 
sewers, the City shifted its focus to repairing leaking lateral sewers.  In 2001, the City 
implemented an ambitious infiltration and inflow reduction program that focused on the 
replacement of private laterals in older neighborhoods identified as suffering from high I&I.  The 
first phase of construction began in 2002 and was followed by a second phase in 2003.  
Approximately 10,600 linear feet of sewer laterals on 278 properties were replaced between both 
phases, at a cost of approximately $1.4 million.  An additional 90 cleanouts were installed to 
allow for the future inspection of laterals. 
 
In 2003 the City purchased a television inspection truck with video recording capabilities and 
computer database functions, which will be used as part of an on-going program of identifying 
I&I, problem areas and follow-up inspection following repair work.  In addition, the City 
installed permanent flow meters on all its pump stations for the purpose of long-term sub-basin 
flow analysis. 
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EVALUATION OF EXCESSIVE INFILTRATION AND INFLOW EVALUATION AGAINST EPA 

BENCHMARKS 
 
EPA has established guidelines for evaluating sewer systems for excessive I&I.  These 
guidelines have established fixed threshold flow values that apply to all systems.  In light of the 
fact that infiltration is so dependent upon groundwater levels, which vary significantly among 
various cities, the logic of evaluating a sewer system against a fixed benchmark to determine 
whether I&I is excessive is questionable.  Nonetheless, such a comparison has become accepted 
practice and is therefore included in this plan. 
 
Infiltration 
 
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.  Twelve low 
rainfall periods during 2000 – 2006 were identified to evaluate infiltration in the Battle Ground 
collection system as presented in Table 6.4. 
  
Average flow values for the 7 to 14 day low rainfall periods were adjusted to deduct non-
residential flow contributions.  Historical EDU records indicate approximately 15% of the total 
EDUs are non-residential.  Adjusted influent flow figures include a 15% reduction for non-
residential services.  Actual residential population was taken from the City of Battle Ground 
website statistics and used to determine per capita flows. 

 
 

Table 6.4 
2000-2006 WET WEATHER FLOWS, 7-14 DAY LOW RAINFALL PERIODS 

 

Period Days 
Rainfall 
(inches) 

Average 
Influent 

Flow (mgd) 
Equivalent 
Population gpcd 

Feb 15 -24, 2000 10 0.05 1.06 10,409 102 
Feb 5 - 15, 2001 11 0.04 1.03 

11,373 
91 

Dec 20 – 29, 2001 10 0.04 1.21 106 
Jan 8 – 15, 2002 8 0.04 1.41 

12,476 
113 

Dec 2 – 9, 2002 8 0.06 0.77 62 
Jan 13 – 20, 2003 8 0.04 1.24 

13,854 
90 

Feb 2 – 14, 2003 13 0.01 1.24 90 
Feb 4 – 14, 2004 10 0.06 1.37 

14,742 
93 

Dec 12 – 24, 2004 13 0.07 1.39 94 
Jan 1 -14, 2005 14 0.03 1.28 

15,530 
82 

Dec 4 – 17, 2005 14 0.00 1.34 86 
Dec 1 – 9, 2006 9 0.03 1.34 15,903 84 
        Average  0.04 1.22  91 
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As shown in Table 6.4, per capita flows during low rainfall periods for the last five years have 
been well below EPA standards for excessive infiltration.  Analysis completed in the 2000 GSP 
Update revealed per capita flows of 170 gpcd on average for the 1993 – 1994 period. 
 
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 May 2000 and December 
2006. 
 
 

Table 6.5 
2000-2006 MAXIMUM FLOWS 

 

Date 

24-Hour 
Maximum Rainfall 

(inches) 
Influent 

Flow (mgd) 
Equivalent 
Population gpcd 

May 10, 2000 1.17 1.01 10,409 97 
Dec 1, 2001 1.56 (11/30/01) 2.25 

11,373 
198 

Dec 13, 2001 1.06 2.35 207 
Jan 25, 2002 1.71 (1/24/02) 2.40 

12,476 
192 

Mar 11, 2002 1.42 2.27 182 
Jan 31, 2003 2.36 (1/30/03) 3.63 

13,854 
262 

Mar 9, 2003 1.46 (3/6/03) 2.33 168 
Jan 23, 2004 1.28 2.45 

14,742 
166 

Jan 28, 2004 1.17 2.40 163 
May 9, 2005 1.22 1.93 

15,530 
124 

Sep 30, 2005 1.47 1.34 86 
Nov 6, 2006 3.53 3.20 

15,903 
201 

Dec 15, 2006 1.34 (12/14/06) 2.05 129 
Average 1.59 2.27  167 

 
Over the past few years, as shown above, it can be concluded that inflow is not excessive using 
the EPA benchmark.  This analysis simply addresses I&I from the perspective of EPA 
benchmarks.  A more detailed evaluation of I&I is addressed in the following section. 
 
CONCLUSIONS REGARDING INFILTRATION AND INFLOW 
 
A number of factors make it difficult to understand I&I in Battle Ground.  These include: 1) very 
rapid growth, with considerable winter subdivision construction, which is particularly prone to 
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high inflow events, 2) uncertainties regarding actual population estimates at any one time, and 3) 
lack of flow monitoring points in the collection system prior to 2003.  Given these factors, it has 
been very difficult to draw conclusions from historical flow data.  Since the installation of flow 
meters at nearly all pump stations in late 2003 much more useful data has become available.  
Unfortunately, the meter installed at Pump Station No. 6 failed in June 2004 and has not been 
replaced.  In addition, influent flow data was interrupted in 2006 between March and November 
due to construction at the headworks.  Pump Station No. 1 had a meter installed in November 
2006.  Despite these interruptions there are some reasonable conclusions that can be drawn.  It 
should be noted that additional flow data is needed to solidify the conclusions further. 
 

1. Infiltration is highly dependent upon groundwater levels.  Groundwater levels fluctuate 
approximately 12 feet throughout the year, from a late summer low level of 
approximately 15 feet below ground surface to a late winter high level of about 3 feet 
below ground surface during a year of average rainfall.  This fluctuation is very gradual 
throughout the year in response to annual rainfall.  Short duration rainfall events may 
impact the groundwater level, but only slightly.  Heavy rainfall for periods of 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, in light of the fact that it can 
submerge private laterals, and thus produce a surge of groundwater induced infiltration. 

 
2. Studies over the past 20 years have repeatedly shown that infiltration varies with 

groundwater level.  In the summer, groundwater levels are below most of the sewer 
laterals and mainline which means there is very little infiltration during the late summer 
months.  As the groundwater level rises, infiltration increases.   

 
3. In comparing flow versus rainfall, Battle Ground is unusual in that high wastewater flows 

correspond to high annual rainfall as opposed to high rainfall over periods of shorter 
duration.  In other words, a heavy month of rainfall in a below normal rainfall year has 
less impact on peak daily flows than a light month of rainfall in an above normal rainfall 
year.  The relationship between maximum day wastewater flow and yearly rainfall is 
shown in the following Figure 6.3. 
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Figure 6.3 
RAINFALL DATA 
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4. A peak daily flow of 3.56 mgd was recorded in 1996.  This peak daily flow total was 

approximately 3.0 mgd above the average dry weather base flow for the year.  The annual 
rainfall total for 1996 was 78 inches, the wettest in 50 years.  Average annual rainfall for 
Battle Ground is approximately 51 inches. 

5. Historically, reliable flow records were only available at the combined influent flow 
meter at the wastewater transmission site.  Since 2003 flow meters installed at six of the 
pump stations have provided a more accurate depiction of I&I.  It is the trend when 
analyzing the three years of basin flows, that I&I is less in areas with new construction.  
Therefore, the previous conclusions that I&I is related to the age of the system is 
confirmed by analysis of the basins. 

 
6. Typically the peak flow into a sewer system has little to do with the capacity of that 

system.  This does not appear to be the case in Battle Ground.  From an evaluation of 
rainfall and flow records, as the capacity of the sewer system increased, it appears to 
attenuate peak flows into the system.  In attempting to understand this phenomena, it is 
believed that the older part of the sewer system performs as follows during those periods 
of very high infiltration. 

 
a. Prior to an unusually high rainfall event, the groundwater is high (within 

approximately 3 feet of the top of the ground surface. 
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b. 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. 

 
c. Through the aforementioned period, base wastewater flows vary diurnally.  During 

periods of diurnal peak flows, the surcharging increases. 
 
d. As the surcharging increases, due to 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. 

 
 
6.6 FLOW PROJECTIONS 
 
Future per capita flows were estimated based on existing per capita flows and the DOE 
guidelines.  The following table contains the per capita average contribution from 2000-2006, the 
DOE recommended design values for new wastewater treatment facilities [4], and the value used 
for future population loading.  DOE guidelines use direct population, which assumes a higher per 
capita flow contribution.  The per capita values in Table 6.6 are based upon population 
equivalents.  The projected per capita values are based on either the DOE Guidelines or historical 
averages, whichever is higher.  Peak hourly projections are not included because current peak 
day flows maximize the collection system capacity, and peak hourly flows either surcharge or 
are routed to the equalization basin. 
 
 

Table 6.6 
BATTLE GROUND POPULATION EQUIVALENT 

PER CAPITA FLOW PROJECTIONS 
 

Parameter (gal/day) 
Historical 
Average 

DOE 
Guideline 

Future 
(2026) 

Annual Average 88 100 100 

Dry Average 70 n/a 80 

Wet Average 109 n/a 110 

Max Month 146a n/a 150 

Peak Day 262a n/a 275 
 
Notes: 
a. The maximum monthly and peak daily values above are the highest 

recorded within the previous seven years.  The “average” values are the 
average of the previous seven years. 
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To develop projected wastewater flows, population projections contained in Table 6.1 and future 
per capita projections contained in Table 6.6 were used.  Future flow values presented in Table 
6.7 were developed by calculating a direct projection of population equivalent times the “future” 
unit values from Table 6.6. 

 
 

Table 6.7 
BATTLE GROUND PROJECTED WASTEWATER FLOWS 

 
Years: 2006 2011 2016 2021 2026 

Population Equivalent: 15,903 21,686 27,527 33,437 39,420 

Flow (mgd) Average Annual 1.59 2.17 2.75 3.34 3.94 

Dry Average 1.27 1.73 2.20 2.67 3.15 

Wet Average 1.75 2.39 3.03 3.68 4.34 

Max Month 2.39 3.25 4.13 5.02 5.91 

Peak Day 4.37 5.96 7.57 9.20 10.84 
 
The City’s transmission system facilities receive flow contributions from both Meadow Glade 
and Hockinson.  Both the Hockinson and Meadow Glade STEP systems are owned and operated 
by the CRWWD.  The following Tables 6.8 and 6.9 provides a summary of Meadow Glade and 
Hockinson EDU and flow projections provided by CRWWD.  The respective EDU figures 
include residential, commercial and school allotments,  and were developed assuming that the 
EDU’s within the Battle Ground UGA were incorporated within the EDU and flow projections 
for Battle Ground, thus the Meadow Glade flow values are for the remaining Meadow Glade 
service area outside of Battle Ground’s UGA.  The decrease in 2011 values presented in both 
Tables 6.8 and 6.9 for Meadow Glade are due to the removal of EDU’s from the Meadow Glade 
service area due to the inclusion of those values within the City of Battle Ground’s flow 
projections. 
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Table 6.8 
MEADOW GLADE / HOCKINSON FLOW PROJECTIONS 

 

 
Notes: 
a. Flow projections are for the portion of the Meadow Glade service area falling outside of Battle Ground’s 

proposed year 2026 UGA. 
 
 

Table 6.9 
MEADOW GLADE / HOCKINSON EDU & COMBINED FLOW PROJECTIONS 

 
The following Table 6.10 is the combined flow projections for the transmission system and 
proposed reuse facility.  The values presented are the combined flow totals from Meadow Glade, 
Hockinson and Battle Ground. 
 
 
 

Year 

Meadow Gladea (mgd) Hockinson (mgd) 

Average 
Annual 

Max 
Month 

Peak 
Day 

Peak 
Hour 

Average 
Annual 

Max 
Month 

Peak 
Day 

Peak 
Hour 

2006 0.16 0.21 0.31 0.31 0.01 0.02 0.03 0.06 

2011 0.15 0.20 0.27 0.29 0.01 0.02 0.04 0.07 

2016 0.16 0.21 0.29 0.31 0.02 0.04 0.06 0.10 

2021 0.17 0.23 0.31 0.33 0.03 0.05 0.09 0.15 

2026 0.18 0.24 0.34 0.36 0.04 0.08 0.13 0.22 

Year 

Meadow 
Glade 
EDU’s 

Hockinson 
EDU’s 

Total 
EDU’s 

Avg Annual 
Flow (mgd) 

Max Month 
Flow (mgd) 

Peak Day 
Flow 
(mgd) 

2006 694 173 867 0.17 0.23 0.34 

2011 650 204 854 0.16 0.22 0.31 

2016 700 305 1005 0.18 0.25 0.35 

2021 750 316 1066 0.20 0.28 0.40 

2026 800 427 1227 0.22 0.32 0.46 
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Table 6.10 
TRANSMISSION MAIN FLOW PROJECTIONS 

 

Year 

Max Month Flow (mgd) 

Meadow Glade & 
Hockinson  Battle Ground Total Flow 

2006 0.23 2.39 2.62 

2011 0.22 3.25 3.47 

2016 0.25 4.13 4.38 

2018a 0.26 4.49 4.75 

2021 0.28 5.02 5.30 

2026 0.32 5.91 6.23 
 

Notes: 
a. 2018 values were interpolated using strictly linear approximation between 2016 

and 2021. 
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SECTION 7 
 

COLLECTION SYSTEM EVALUATION 
 
 
7.1 OVERVIEW OF EVALUATION PROCESS  
 
In order to determine the adequacy of the existing collection system and completely evaluate 
alternatives for serving the Battle Ground UGA, the capacity of the existing system to 
accommodate projected 20-year flows was determined.  See Figure 4.1 (Section 4) for the 
existing sewer map.  Assumptions regarding the basis of collection system flow projections are 
outlined in Section 6.  The scope of this evaluation only addresses the main sewer lines and 
projections for the existing service areas, as listed below. 
 
The collection system evaluation was completed by a seven-step process as follows: 
 
1. Three conditions of analysis were established: 1) existing, 2) 20-year (2026), and 3) 50-

year (2056).  EDU projections for each condition were calculated.  The 50-year condition 
was selected to assist in determining trunk sewer sizes for those trunk sewers whose 
contributing basin was likely to grow beyond the proposed UGA.  

2. A preliminary layout of trunk sewers was established to serve the year 2026 and 2056 
UGAs. 

3. Drainage basins were developed for each trunk sewer.   
4. EDUs were allocated to each basin for the three conditions of analysis (existing, year 2026, 

and 50-year). 
5. Existing sewers were evaluated for their capacity to accommodate existing and year 2026 

flows. 
6. For those components of the existing system that were found to be under-capacity within 

the 20-year planning period, bypass or upsizing improvement options were evaluated and a 
preferred option selected. 

7. The improvements identified in step #6 above, along with the improvements necessary to 
serve the drainage basins within the future growth area of the year 2026 UGA, were sized 
for buildout flow conditions. 

  
 
7.2 LAYOUT OF PROPOSED COLLECTION SYSTEM IMPROVEMENTS  
 
Locations of proposed trunk sewers, pump stations, and force mains for the future growth areas 
were established with two goals:  1) to limit the number of pump stations; and 2) to minimize the 
length of force mains in order to reduce the potential for sulfide generation.   
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Ideally, gravity sewers would be extended through the low points of the drainageways.  For most 
of the major drainage basins, the extension of gravity sewers through the low areas of the 
drainageway was not practical due to severe sideslopes and environmental constraints.  For these 
basins, trunk sewers were assumed to extend along the top of the drainageways.  Doing so 
typically requires more sewers (one on each side of the drainageway), however it allows gravity 
sewer service to most of the service areas.   
 
 
7.3 BASIN EDU ALLOCATION  
 
ALLOCATION OF EXISTING EDUS 
 
An initial allocation of existing EDUs was completed using aerial photographs and field 
observation (“windshield” surveys) of recent construction in those areas undeveloped at the time 
of the aerial photograph.  Flow record data from the various pump station flow meters was used 
to adjust the initial EDU allocation to match the total EDU count supplied by the City. 
 
ALLOCATION OF BUILDOUT EDUS 
 
As discussed in Section 3, each trunk sewer is sized with capacity to serve its basin at build-out.  
For those trunk sewers whose basin extends past the UGA, or those which will likely receive 
effluent from pump stations discharging from basin areas outside of the 20-year UGA, build-out 
is defined as serving the 50-year UGA.  The EDU allocation for the 50-year boundary was 
estimated as follows: 
 
1. Total 50-year EDU estimates were estimated by assuming that the amount (not rate) of 

growth beyond the 20-year planning period would be 250% of what it was through the 
planning period.  This equates to 22,700 EDUs, a growth rate from 2027 to 2056 of about 
3% a year.  In other words, growth in the 20 to 50 year period would be 250% of the 20-
year growth. 

2. Buildout EDU estimates within the proposed UGA were estimated by using an EDU 
density per zone and reducing the total EDU’s by 25% to account for loss of developable 
land due to infrastructure and open space. 

3. The 50-year EDU estimate less that allocated to the proposed year 2026 UGA was 
allocated to areas outside the year 2026 UGA on an average areal basis. 

4. The 50-year planning area boundary was provided by the City and is included in Appendix 
A. 

   
 
7.4 MODELING ASSUMPTIONS  
 
A hydraulic model of the City of Battle Ground’s collection system was developed as part of the 
scope of this plan.  The model output was used to evaluate the capacity of the existing collection 
system and to identify improvements that will be necessary to serve the projected populations.  
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The sewer system was modeled for existing, 20-year, and buildout flow conditions.  A detailed 
discussion of modeling assumptions, inputs, and results are included in Appendix B. 
 
The model was developed using Hydra 6.4 software, by Pizer, Inc.  Hydra 6.4 was selected for 
its history and acceptance in the wastewater field, graphical interface and efficient calculation 
procedure.  
 
 
7.5 EXISTING SEWER SYSTEM EVALUATION  
 
The existing sewer system was evaluated at existing conditions as follows: 
 
1. Existing sewer mains to be modeled were selected as those whose contributory (upstream) 

service area produced flows in excess of the flows that could be accommodated by an 8-
inch diameter sewer at minimum slope. 

2. For those existing mains, drainage basins were established for each sewer main to be 
evaluated. 

3. Existing EDUs were allocated to each basin.  These were utilized to project flows to each 
basin.  EDU allocation relied extensively upon dry-weather pump station flow meter 
records. 

4. Using wet-weather flow records from the pump stations, peak flow conditions were 
estimated by allocating I&I flows to the various basins. 

5. Capacity of each sewer main was evaluated against the estimated flows.  
 
The collection system is generally adequate to meet current conditions.  Although the majority of 
the existing collection system has the capacity to accommodate the anticipated 20-year flow 
conditions, portions of it will become deficient in capacity and require upsizing.   
 
The following paragraphs present a discussion of the maintenance and capacity deficiencies.   
 
EAST BATTLE GROUND SEWER SUBSYSTEM 
 
Pump Station No. 1 Sub-basins 
 
The East Battle Ground Sewer Subsystem is generally characterized by the area served by Pump 
Station No. 1.  This area has historically experienced significant I&I resulting in surcharging of 
the interceptor sewers as outlined in Figure 6.1.  Following extensive television inspections of 
mainline sewers and individual home laterals in this area, the City completed several projects to 
reduce I&I, including slip lining and lateral replacements.  That work was completed in 2003 and 
2004.  From flow monitoring during the heavy rainfall months in late 2006, it appears as though 
the lateral replacement projects did in fact substantially reduce the I&I.   
 
The following is a summary of Pump Station No.1 collection system elements. 
 
Lateral 1:  This 8-inch sewer has adequate capacity to accommodate anticipated 20-year flows. 
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Trunk 1:  This trunk sewer includes sections of 8, 10 and 12-inch sewer with sufficient capacity 
to accommodate the anticipated 20-year flows. 
 
Lateral 5:  This 8-inch sewer main has sufficient capacity to accommodate anticipated 20-year 
flows, despite sections installed with slopes less than the recommended minimum. 
 
Lateral 7:  According to system records, sections of this 8-inch sewer main were installed with 
slopes of 0.003, resulting in a reduced capacity.  Even so, this sewer main has sufficient capacity 
based on 20-year flow projections. 
 
Trunk 3:  Projected 20-year flow conditions exceed the capacity of the sewer.  The uppermost 
section exhibits the largest capacity deficiency of 0.12 mgd.  No improvements are 
recommended since the maximum surcharge of 0.15 feet is negligible. 
 
Interceptors 1 & 3:  This section of the existing system consists of dual 12-inch gravity sewers 
discharging to Pump Station No.1.  City personnel have identified sections of Interceptors 1 and 
3 that experience surcharging during peak storm events.  Although the 20-year flow projections 
exceed the capacity of these sewers the 0.52 foot surcharge does not warrant upgrades at this 
time. 
 
Pump Station No. 1:  Pump Station #1 was recently upgraded to provide a capacity of 3.8 mgd.  
It has capacity to accommodate projected 20-year flows.   
 
WEST BATTLE GROUND SEWER SUBSYSTEM 
 
The West Battle Ground Sewer Subsystem is generally characterized by the area served by Pump 
Station No. 2.  This area has experienced significant growth over the last 8 years.  Interceptor 
sewers receive flows from multiple sub-basins served by pump stations.  The following is a 
summary of Pump Station No. 2 collection system elements broken down by sub-basin: 
 
Pump Station No. 3 and No. 7 Sub-basins 
 
Pump Station No. 3:  This pump station, which was constructed in 2002 to replace an undersized 
station, serves the Battle Ground West neighborhood.  The recently completed Main Street road 
improvement project included the relocation and reconstruction of this pump station, with a 
capacity upgrade to nearly 0.36 mgd.  The most recent model conservatively modeled I&I at 
6000 gallons per acre per day (gpad) and resulted in a peak hour flow of 0.55 mgd.  Additional 
flow monitoring and analysis is needed to determine actual I&I.  In addition, more detailed flow 
analysis including development of actual diurnal patterns for this basin are recommended. 
 
Pump Station No. 7:  This pump station serves an area including residential and commercial 
users with limited potential for growth.  The existing pump station capacity of approximately 
0.20 mgd has been adequate to satisfy existing flow conditions. 
 



Section 7 – Collection System Evaluation 

 
_____________________________________________________________________________________________ 
City of Battle Ground General Sewer Plan 7-5 
March 2011 FINAL DRAFT 

Lateral 10:  Lateral 10 was divided into two sewers with the construction of the Westside Relief 
Sewer.  A short section of Lateral 10, located in Main Street, receives the force main discharge 
from both Pump Stations No. 3 and No. 7 and connects directly to the Westside Relief Sewer.  
This sewer does not have adequate capacity to satisfy 20-year flow projections. However, 
improvements are not recommended since the approximate surcharge is only 2.3 feet.  The 
remaining section of Lateral 10 serves the 14th Avenue residential area connecting to Trunk 2 as 
discussed below. 
 
Pump Station No. 8 and No. 10 Sub-basin 
 
Trunk 8:  This 10-inch sewer main constructed with the Horse Thief Canyon development has 
sufficient capacity to accommodate anticipated 20-year flow projections.   
 
Pump Station No. 10:  The current capacity of Pump Station No. 10 is approximately 0.14 mgd.  
The 20-year flow projections within the service area exceed the installed pump capacity. 
However, a 12-inch force main was extended from the station to 20th Avenue for future use and a 
proposed gravity sewer extension from the proposed PS-T10 will allow for the abandonment of 
this facility. 
 
Lateral 21:  This 8-inch sewer main does not have sufficient capacity to accommodate 
anticipated 20-year flows. Improvements are not included in this plan since the maximum 
surcharge is less than 1 foot. 
 
Pump Station No. 8:  The current capacity of Pump Station No. 8 is approximately 0.32 mgd.  
The 20-year flow projections within the service area exceed the installed pump capacity.  The 
12-inch force main shared with Pump Station No. 11 has capacity to accommodate 20-year flow 
projections.  A future gravity sewer extension from Pump Station No. 11 is proposed which will 
allow for the abandonment of this facility. 
 
Pump Station No. 11 Sub-basin 
 
Lateral 20:  This 8-inch sewer main does not have sufficient capacity to accommodate 
anticipated 20-year flows.  The total surcharge in this section of pipe is approximately 8 feet.  It 
is recommended that more detailed evaluation of this sewer be made to confirm I&I estimates 
prior to implementing capital upgrades. 
 
Trunk 6:  This trunk sewer includes sections of 12, 15, and 18-inch sewer main construction.  
This sewer does not have sufficient capacity to accommodate anticipated 20-year flows.  
Improvements are not recommended for this sewer due to surcharges of less than 1 foot. 
 
Pump Station No. 11:  This pump station has an installed pump capacity of approximately 1.9 
mgd.  The pump station does not have sufficient capacity to accommodate anticipated 20-year 
flow projections, which will include bypassing Pump Station No. 8 to this pump station.  Pump 
Station No. 11 discharges to a 12-inch force main, which has sufficient capacity to accommodate 
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anticipated 20-year flows.  A more detailed evaluation of the existing wetwell is recommended 
to confirm that the existing wetwell has capacity to accommodate larger pumps. 
 
Pump Station No. 2 Sub-basin 
 
Lateral 6:  This 8-inch sewer has sufficient capacity to accommodate the projected 20-year flow 
conditions.  However, downstream conditions in Trunk 2 do cause surcharging within this sewer. 
 
Trunk 2:  Existing and projected 20-year flow projections exceed the capacity of segments of this 
8 and 10-inch main.  City personnel have identified past surcharging during peak storm events 
south of Main Street in the vicinity of the connection of Lateral 10.  Capacity deficiencies are the 
result of significant I&I in the basin.  Recent lateral replacement work was completed with the 
goal of reducing the impact of this flow component, the results of which have yet to be 
determined due to the lack of flow data.  It is recommended that lower reaches of this sewer be 
upsized one size from T2-2 to T2-11. 
 
Trunk 5:  This 15-inch trunk sewer lacks sufficient capacity to accommodate the projected 20-
year flow conditions beginning near T2-25.  Surcharging does not exceed 1 foot and may not 
materialize at all due to I&I reduction work in the basin.  Future flow analysis is recommended 
to determine if 20-year projections will create a capacity deficiency.  Buildout flows, however, 
will lead to capacity deficiencies. 
 
Westside Relief Sewer 2:  This relief sewer, constructed in 2001 to further relieve capacity 
deficiencies in Trunk 2 and accommodate new growth to the north, includes sections of 18, 20, 
and 24-inch gravity sewer, extending from the end of the Westside Relief Sewer 1 at Main 
Street, north to a connection with Trunk 5 in NW 6th Avenue east of SR 503.  This sewer has 
sufficient capacity to accommodate projected 20-year flow conditions. 
 
Westside Relief Sewer 1 / Interceptor 2:  The Westside Relief Sewer 1 was constructed in 1996 
to address capacity deficiencies in Interceptor 2, and includes sections of 21 and 30-inch gravity 
sewer extending from Pump Station No. 2 to Main Street.  This relief sewer runs parallel to the 
12 and 15-inch Interceptor 2.  Although the combined capacity of the two sewers has sufficient 
capacity to accommodate the projected 20-year flow conditions, surcharging occurs at the point 
in which Interceptor 2 transitions from a 15-inch sewer to a 12-inch sewer. 
 
Future UGA expansions to the west beyond the 20-year planning period will result in capacity 
limitations between manholes T4-3 and R1-7, which includes the 30-inch section that runs east 
under SR 503 until it turns south paralleling Interceptor 2.  As currently outlined, future growth 
areas to the west will be served by a pump station with continued force main discharge to the 
existing interceptor sewer. 
 
Pump Station No. 2:  Pump Station No. 2 was reconstructed in 2000, including a new wetwell 
and controls building, with a design capacity of nearly 7.5 mgd.  The 20-year flow projections 
exceed the pump station capacity by nearly 20%; however, this projection does not account for 
any reduction of I&I resulting from recent lateral replacement projects.  Future flow monitoring 
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will determine the effectiveness of I&I reduction work and the potential capacity deficiencies.  
The existing 14-inch asbestos concrete force main will require upsizing to satisfy 20-year flow 
conditions. 
 
THE CEDARS SEWER SUBSYSTEM 
 
Cedars Sewer Mains:  The 8-inch collection system sewer mains have sufficient capacity to 
accommodate the 20-year flows of the existing service area. 
 
Pump Station No. 4:  Pump Station No. 4 was reconstructed in the year 2000, with the 
conversion of the original wetwell mounted, self-priming pump station to a submersible pump 
station.  The capacity of the pump station is 0.23 mgd.  The existing pump station has adequate 
capacity to serve the existing service area. However, the expansion of the UGA to include 
properties to the north of the existing Cedars development will exceed the capacity of this 
facility during the 20-year planning period. 
 
EXISTING COLLECTION SYSTEM SUMMARY 
 
The evaluation of the existing system demonstrates the significant impact of I&I on the system 
capacity and operations.  Most of the areas where 20-year flows exceeded the capacity of 
existing sewer mains, projected peak flows include a substantial I&I component.  The 
assumptions made regarding the volume of I&I, the “surge” flow experience in the original 
collection system and the distribution of I&I and surge flow throughout the original collection 
system, are discussed in detail in Section 4. 
 
Numerous collection system improvements have been completed since the 2000 General Sewer 
Plan Update to relieve previously identified overcapacity sewers and pump stations.  The West 
Battle Ground Sewer Subsystem in particular benefited from the construction of the Westside 
Relief Sewer and Pump Station No. 2 reconstructions, which eliminated past Interceptor 1 and 
Trunk 2 surcharging. 
The East Battle Ground Sewer Subsystem is an example of successful I&I reduction.  Although a 
few pipes within the basin continue to experience minor surcharging, the City’s I&I reduction 
program which included slip-lining, point repairs, and home service lateral replacements was 
successful.  More data is needed to further determine the long-term effectiveness of these 
projects. 
 
 
7.6  CAPACITY, MANAGEMENT, OPERATIONS AND MAINTENANCE (CMOM) 

REGULATIONS 
 
CMOM stands for “Capacity, Management, Operations, and Maintenance.”  These regulations 
were created by the Environmental Protection Agency (EPA) in order to reduce the occurrence 
of Sanitary Sewer Overflows (SSO’s) nationwide.  It was created as a framework for 
municipalities to identify and incorporate widely accepted wastewater industry practices in order 
to: 
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• Better manage, operate, and maintain collection systems 
• Investigate capacity constrained areas of the collection system 
• Respond to sanitary sewer overflow (SSO) events. 

 
In CMOM planning, the utility selects performance goal targets, and designs CMOM activities to 
meet the goals.  Information collection and management practices are used to track how well 
each CMOM activity is meeting the performance goals, and whether overall system efficiency is 
improving. 
 
STATUS OF CMOM REGULATIONS 
 
There are four major documentation requirements of the CMOM permit.  These requirements 
vary based on the size and complexity of the municipal wastewater collection system and include 
a written summary of the CMOM Program; an Overflow Emergency Response Plan; a Program 
Audit Report; and a System Evaluation and Capacity Assurance Plan. 
 
For municipalities to meet CMOM requirements the following, legal, administrative, and 
managements, elements will be required. 
 
Legal Authority:  Adopt a sewer use ordinance that requires proper design, installation, testing 
and inspection (including service lines) and includes pretreatment standards for fats, oils, and 
greases. 
 
Information Management:  Maintain up-to-date mapping of the collection system and establish a 
process to update maps with new development; maintain a database on pipes including size, 
material and date constructed; maintain overflow data, three years of work order history, 
complaint records, performance and implementation measures, and a list of system components 
with inadequate capacity. 
 
Overflow Response Plan:  Develop and implement a SSO response plan to stop and mitigate 
impacts as soon as possible.  The plan must outline staff training in SSO response procedures, a 
process for plan review and updating, a public notification program, and steps for immediate 
notification of health official and the National Pollutant Discharge Elimination System (NPDES) 
authority. 
 
Condition Assessments:  Conduct periodic video pipe inspections and smoke testing to identify 
structural deficiencies and illicit connection.  Update information management systems as 
needed based on the condition assessment. 
 
Capacity Assurance:  Identify deficient components of the system for both existing and future 
conditions through system modeling.  Develop a master plan that includes a capital improvement 
plan to address deficiencies.  Budget for capital improvements. 
 
Construction Standards:  Adopt and enforce defined design criteria that include evaluation of 
downstream impacts for new development, capital improvements, and rehabilitation.  Require 
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proper review of construction drawings as well as acceptance tests and inspection, including 
laterals. 
 
Staff Training:  Provide a training program for operation and administrative personnel that 
includes all elements of the CMOM program.  Develop a mandatory certification program. 
 
Compliance Audits:  Assign responsible staff to conduct a CMOM program audit report based on 
interviews with staff, observation of crews, SSO data records, and work order records.  The audit 
review report is to identify apparent deficiencies, steps taken to address problems, and additional 
measures needed. 
 
IMPLICATIONS FOR THE CITY OF BATTLE GROUND 
 
The City of Battle Ground already has many elements of the CMOM program currently in place 
or in the process of being developed.  The City has had an extensive I&I rehabilitation program 
in place for many years, and efforts are continually being made to decrease additional flow into 
the system.  The adoption of this General Sewer Plan will meet many of the requirements of 
these regulations.  It is recommended that the City assign staff to monitor the EPA’s final 
adoption of CMOM regulations and eventually oversee the City’s compliance. 
 
 
7.7 PROPOSED COLLECTION SYSTEM IMPROVEMENTS 
 
As a result of the evaluation of the collection system outlined above, several improvements to the 
collection system are proposed.  The collection system improvements recommended in the Plan 
consist of gravity sewers, pump stations, and force mains that will be required to accommodate 
estimated flows in the Battle Ground UGA.  A complete discussion of the improvements are 
included below and shown in Figure 7.1. 
 
Because much of the UGA currently not served by the City’s sewer system is largely 
undeveloped, with few roads, it is important to understand that the locations of sewers and other 
proposed facilities discussed in the General Sewer Plan are approximate.  The final location of 
sewer facilities will depend upon the development of the road system and the nature of land 
development for specific areas.  For sewer mains located down drainageways, it is likely that the 
sewers will need to be constructed in easements along the back of lot lines. 
 
The layout of all collection system improvements assumes that the wastewater reuse facility will 
be located at the same location as the existing surge lagoon and transmission pump station. 
 
Development activities may require the construction of temporary pump stations as development 
continues toward the edge of the UGA.  Temporary pump stations and their force mains should 
be constructed in a matter that allows for efficient development and the eventual construction of 
the improvements included in this plan. 
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To simplify the description of the recommended improvements and service areas, UGA has been 
divided in four sub-areas – West/Meadow Glade, Northwest, Northeast, and Southeast. 
 
A working map is included in Appendix A that provides information regarding existing, 2026 
and capacity EDU’s as well as basin designations at specific points along the proposed and 
existing collection system. 
 
WEST/MEADOW GLADE SERVICE AREA 
 
This area comprises the region of the UGA that coincides with the Meadow Glade service area 
and the region just north of Meadow Glade contributing to Trunk 8 and Pump Station #10.  It is 
recommended that the area be served by gravity sewers and two new pump stations as shown in 
Figure 7.2. 
 
1. Based upon the proposed land use included in Figure 3.3 it is recommended that gravity 

sewers be extended through the existing Meadow Glade Service Area.  Proposed 24, 15, and 
12-inch gravity sewers designated as S13-# are extended along the UGA boundary line to NE 
199th Street to serve West/Meadow Glade Service Area.  The proposed trunk sewer would 
discharge into proposed pump station PS-T13, eventually discharging into the proposed PS-
T15 pump station through a 12” force main. 

 
2. The region just north of NE 199th Street will be served by a new 12 and 8-inch trunk sewer.  

The trunk sewer designated as S12-1 and S12-2 will discharge into Trunk 8 and eventually 
into PS #10. 

 
3. Recent expansions to the UGA to the west and north resulted in 20-year peak flow 

projections of 9.07 mgd, which exceeds the capacity of the existing Pump Station No. 2.  For 
the purpose of this plan, upgrades to the existing pump station and force main are proposed 
for the continued discharge of wastewater back to the transmission pump station and reuse 
facility site.  A new 18-inch force main, designated as FM-PS2, will be routed parallel to and 
will replace the existing 14-inch AC concrete force main back to the transmission site. 

 
4. Also shown in Figure 7.2 is S31-1, one of the two proposed alternate sewers to serve basin 

31.  Basin 31 is particularly difficult to serve due to generally flat terrain and shallow 
existing sewers.  Without detailed survey information this plan presents two alternative 
sewers, S31-1 and S31-2.  Use of one or both would be sufficient to serve the demand 
created by the proposed zoning density of Basin 31. 





Section 7 – Collection System Evaluation 

 
_____________________________________________________________________________________________ 
City of Battle Ground General Sewer Plan 7-13 
March 2011 FINAL DRAFT 

NORTHWEST SERVICE AREA 
 
This area comprises the northwest corner of the UGA and western improvements north of 11th 
Street.  It is recommended that the area be served by gravity sewers and two new pump stations 
as shown in Figure 7.3. 
 
1. Future growth immediately south of the existing Pump Station No. 11 is served with a 15-

inch sewer designated as S21-1 and S21-2.  This line is sized to allow for the abandonment 
of Pump Station No. 8 and to discharge into the existing 12-inch sewer in Main Street.  
While 20-year flow projections exceed the capacity of Pump Station No. 8, it is assumed 
that this bypass sewer will be constructed prior to the need for pump upgrades.  Further 
evaluation of the 12-inch sewer in Main Street will need to be analyzed for available 
capacity.   

 
2. Sewer S31-2 is shown in this quadrant to serve Basin 31 as discussed above. 
 
3. The existing Lateral 20 is too shallow to serve the northwest corner of the UGA, designated 

as Basin 5, and has limited capacity to serve the northern upland region within the 20-year 
planning period.  Immediate development in this region can be accomplished by 
construction of a temporary Pump Station, or gravity main that would discharge into Trunk 
6.  Capacity analysis of Trunk 6 at the time of construction is required to verify capacity 
remains available.  The temporary pump station would be abandoned when the proposed 
gravity sewer line S10 is constructed. 

 
4. Drainage Basins 4, 5 and 6 will be served by 24, 21, 18 and 15-inch trunk lines.  The 24 

and 21-inch lines are sized to allow for the abandonment of PS-#11.  The trunk lines will 
discharge into PS-T10 which discharges through FM10. 

 
5. The existing Trunk 6 has limited capacity to serve the northern upland areas remaining to 

be developed.  Connections beyond available capacity should be routed to the proposed PS-
T10.  Routing this area to PS-T10 will require the construction of 12 and 10-inch gravity 
sewers discharging into proposed pump station PS-T2, and eventually into S10-5.  When 
S10 is constructed, sewers north of the trunk line should be diverted into S10-5. 

 
6. The projected 20-year flows for Pump Station No. 11 exceed the current available capacity.  

For planning purposes it is assumed that pump upgrades will be sufficient improvements.  
A detailed analysis should be completed if the existing 8-foot diameter wetwell can 
accommodate larger pumps.  A 24-inch interceptor sewer designated as S6-1 would run 
west from Pump Station No. 11, parallel to SR 502, to the western edge of the UGA.  The 
sewer would be sized for the abandonment of Pump Station No. 11. 

 
7. Development south of Main Street will be served by 18 and 15-inch mains designated as 

S11-1 and S11-2.  This main will discharge into the proposed pump station PS-T10 and be 
sized for the abandonment of pump station PS #10. 
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8. The proposed Pump Station PS-T10 would require a capacity of approximately 9.23 mgd to 
accommodate the ultimate peak flow projections for the delineated service area.  The 
existing 12-inch force main from Pump Station No. 11 does not have sufficient capacity.  
Proposed force main improvements include the construction of a 16-inch force main 
designated as FM10-1 extending from PS-T10 to the existing 12-inch main in Main Street.  
From there a diversion would be installed and a new 12-inch force main would be 
constructed paralleling trunk S21 and eventually tie into the existing FM8.  An additional 
force main will also be constructed, designated FM10-3 paralleling the existing FM 11 
where FM8 and FM11 currently join and will need to continue to the connection at the 
West Side Relief Sewer.  Note capacities are based upon 8 fps for Pump Station PS-T10, 
engineering analysis during design will be necessary based upon actual head and pump 
performance. 

 
9. An alternative sewer designated PS7-ALT is located such that Pump Station No. 7 can be 

abandoned.  Trunk 6 has capacity to receive the 20-year flow projections.  The additional 
flow increases the surcharge in Trunk 6.  It is recommended if constructed to also upsize 
Trunk 6 from the existing 12” to 15” between manholes T6-8 and T6-10. 

 
NORTHEAST SERVICE AREA 
 
This area comprises the northeast corner of the UGA as described in Section 7.  It is 
recommended that this area be served by a series of gravity sewers and one pump station as 
shown in Figure 7.4. 
 
1. Capacity analysis of the existing collection system of Pump Station No. 1 indicates that 

additional flows will need to be routed through the collection system of Pump Station No. 2. 
 

2. To accommodate growth in the northeast area, an extension of Trunk 5 is necessary.  That 
extension is designated as S5-1 through S5-6.  These 15 and 8-inch sewers will collect flows 
from parts of Basins 7, 8, 9 and 10.  The improvements have adequate capacity for 20-years.  
However, buildout conditions may cause surcharging in a section of Trunk 5 which could 
require a parallel sewer. 

 
3. Development to the east will be accommodated by the proposed gravity sewer S20-1 and 

Pump Station PS-T20.  PS-T20 will discharge into S5-3 and eventually to Pump Station No. 
2.  S20-1 is oversized to accommodate for future growth to the east.  More in-depth analysis 
of future growth shall be considered at time of development. 

 
4. Development south of Tukes Mountain will be accommodated by proposed 21-inch sewer 

mains designated as S4-1 and S4-2.  These mains were oversized to accommodate for 
additional UGA expansion eastward. 
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5. Bypassing of existing Lateral 1 flows with the extension of the 10-inch I5-1 sewer will 
provide additional relief to the downstream Interceptor 1 and 3 sewers currently at capacity.  
Topographic data for this area is limited.  Additional survey and detailed engineering 
analysis is recommended to verify the feasibility of this alternative.  Developments south of 
the proposed I5-1 installed only portions of 10-inch lines and the remaining south to north 
pieces were constructed as 8-inch gravity sewer.  Conceptual modeling shows that installing 
S5-1 as a 10-inch line will adequately diminish the surcharge for the 20-year flow 
projections.  However, upsizing of the downstream links will be required under buildout 
conditions. 

 
SOUTHEAST SERVICE AREA 
 
This area comprises the south and southeast corner of the UGA.  It is recommended that this area 
be served by a series of gravity sewers and two pump stations as shown in Figure 7.5. 
 
1. The lower southeast portion of the service area, including the Cedars Subdivision, is 

characterized by steep drainageways to Salmon Creek.  The proposed system would 
include the construction of 27, 24, and 21-inch interceptor sewers extending east from NE 
142nd Avenue.  These gravity sewers designated S16-1, S16-2, and S16-3 are oversized to 
accommodate future UGA expansions east. 

 
2. Sewers S16-5 and S16-6 would extend north from the interceptor sewer to serve basins 44 

and 46.  The sewers are sized for the abandonment of Pump Station No. 6. 
 
3. A 10-inch trunk sewer designated S16-7 is proposed to extend north from the interceptor to 

serve basin 47. 
 
4. Projected 20-year flows exceed the capacity of the existing Pump Station No. 4.  A new 

pump station PS-T16 is shown at NE 142 Avenue and would be sized to accommodate 
flows from the existing and proposed pump station in the south area of the UGA.  The 
existing force main does not have capacity to accommodate 20-year flows, therefore the 
construction of the 14-inch FM16 routed north on NE 142nd back to the transmission pump 
station is proposed. 

 
5. The south central sub area is characterized by Woodin Creek Drainage.  The extension of 

gravity sewers down this area is recommended.  The deep meandering channel complicates 
construction of a single sewer.  To accommodate the terrain and homeowners, gravity 
sewers will be constructed on both sides of the drainage.  18, 15, and 12-inch gravity 
sewers will be used to serve basins 41, 42, and 43.  These sewers will discharge into the 
proposed pump station PS-T15 which discharges through a 12” force main into PS-T16.   
S15-2 is sized to accommodate extension to PS #9 and allow for the abandonment of that 
facility. 
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6. Trunk sewers S16-4, S16-1 and FM15 would discharge into a new pump station PS-T16 
which will discharge to the transmission pump station site. 
 

7. Two alternative sewers are recommended that would allow for the abandonment of Pump 
Stations No. 9 and No. 6.  The receiving trunk sewers are sized to allow for the 
abandonment of these pump station, and abandonment would reduce annual operation and 
maintenance costs. 
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SECTION 8 
 

REGIONAL AND LOCAL TREATMENT FACILITY ASSESSMENT 
 
 
8.1 TREATMENT AND DISPOSAL SYSTEM ASSESSMENT OVERVIEW 
 
As previously discussed, the City of Battle Ground currently disposes of all its wastewater to 
Clark County’s regional wastewater conveyance and treatment system.  The City is currently 
constructing transmission system improvements including a new flow equalization basin and 
transmission pump station to allow for the abandonment of the existing surge lagoon and 
increase conveyance system pumping capacity.  For the purpose of long-term wastewater 
treatment and disposal, an evaluation of alternatives has been completed by Kennedy Jenks 
Consultants included as Appendix H.   
 
 
8.2 EXISTING TRANSMISSION SYSTEM 
 
The Battle Ground Wastewater Transmission System consists of five major components:   
 

1. A headworks including comminutor which receives flows from pump stations in the 
Meadow Glade, Hockinson, and Battle Ground collection systems. 

2. The McClure Pump Station which receives gravity flow from the headworks. 
3. An uncovered 8-acre surge lagoon which temporarily stores surge flows during long-

duration high rainfall events. 
4. A nine-mile long 16-inch diameter PVC force main which conveys flow from the 

McClure Pump Station to the Salmon Creek Interceptor. 
5. A sulfide control facility which injects Bioxide into the force main. 

 
As previously noted, flow equalization basin and transmission pump station improvements are 
currently under construction.  The new 3.5 million gallon flow equalization basin will be 
constructed of reinforced concrete with an aluminum roof.  The basin floor will be sloped at 2% 
grade to a center trench which will slope to the wetwell of the new transmission pump station 
(which is integral to the equalization basin).  The equalization basin will be actively ventilated 
but not scrubbed for odor control or mixed.  Provisions will be provided, however, for the future 
installation of both mixers and a scrubber.  The new basin will be connected hydraulically to the 
existing equalization basin, thus providing a total storage capacity of 4.15 million gallons.  The 
engineering report and final plans / specifications were approved by DOE July 2, 2010.  Basin 
construction is scheduled for completion in October 2011. 
 
The following paragraphs summarize an assessment of the existing transmission system facilities 
and the new flow equalization basin and transmission pump station upgrades currently under 
construction. 
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HEADWORKS 
 
A second comminutor will be installed at the headworks in conjunction with the current 
improvements project, bringing the total comminution capacity to 16.0 mgd.   
 
TRANSMISSION (MCCLURE) PUMP STATION  
 
The existing transmission pump station has four installed pumps with capacities as noted in 
Table 4.2.  The current peak flow capacity of the facility is estimated at 4.2 mgd.  Assuming the 
largest pump out of service, capacity is reduced to approximately 2.7 mgd.  Original station 
design and construction did not provide 100% standby capacity over the entire range of expected 
flows due to initial low flow conditions.   
 
The McClure Pump Station will be decommissioned following construction of the new 
transmission pump station.  The new pump station will have a firm capacity of 4.6 mgd.  The 
pump station will be an integral part of the new flow equalization basin, and will utilize 
submersible pumps. 
 
EQUALIZATION AND SURGE BASINS 
 
The existing McClure Pump Station operates in conjunction with an equalization basin and the 8-
acre surge lagoon.  The surge lagoon was dredged in 2010 and will be decommissioned 
following completion of the new 3.5 million-gallon covered concrete equalization basin.  The 
existing concrete lined equalization basin will be retained and will provide an additional 650,000 
gallons of storage capacity.  A future expansion of the surge basin to 5 million gallons and 
pumping improvements to 8 mgd will be constructed to accommodate year 2026 design flows as 
outline in Appendix H. 
 
FORCE MAIN  
 
The existing 16-inch diameter force main has the capacity to accommodate design flows for the 
current transmission pump station upgrade.  A future second parallel 24-inch diameter force 
main will be constructed to accommodate year 2026 design flows as outline in Appendix H. 
 
SULFIDE CONTROL FACILITY 
 
A new, automated feed system for Bioxide will be implemented in conjunction with the 
transmission pump station improvements. 
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8.3  REGIONAL SYSTEM EVALUATION 
 
As discussed in Chapter 4, the City currently discharges its wastewater via a 16-inch force main 
which discharges to the Clark County Salmon Creek Interceptor where it is conveyed to the 
Salmon Creek Treatment Plant (SCTP) for treatment and disposal.   
 
Planning issues related to the regional system are being addressed by Clark County and the 
CRWWD.  Current agreements between these agencies and the City are in effect to address 
regional conveyance and treatment of Battle Ground wastewater.  With the completion of the 
SCTP Phase 4 improvements, the City capacity allocation in the regional facilities includes 
interceptor system capacity of 10.1 mgd, pump station capacity of 4.47 mgd, force main capacity 
of 6.3 mgd and treatment / outfall capacity of 3.47 mgd.   
 
Appendix H presents an evaluation of multiple options for future regional treatment versus the 
option of local treatment.  The result of this evaluation is the recommendation of continued 
participation in regional wastewater conveyance and treatment capacity upgrades.  See Appendix 
H for the detailed analysis of this recommended alternative. 
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SECTION 9 
 

IMPLEMENTATION AND FINANCING 
 
 
9.1 GENERAL 
 
The implementation of the General Sewer Plan is highly dependent 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. 
 
 
9.2 INSTITUTIONAL RESPONSIBILITY 
 
The City of Battle Ground owns and operates the collection system serving the area within the 
Battle Ground UGA and the Wastewater Transmission System.  The City has sole responsibility 
for the operation, maintenance and improvement activities associated with the collection system 
and transmission system.  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.  
Monthly sewer service charges and sewer connection fees are established and collected by the 
City. 
 
 
9.3 IMPLEMENTATION SCHEDULE 
 
The following Table 9.1 presents a tentative schedule for proposed improvements.  The schedule 
was based on projected growth rate from the Comprehensive Plan.  The schedule was estimated 
by comparing the capacity of the proposed improvements with the growth rate in their respective 
basins.  Most of the proposed collection system improvements are needed to serve residential 
growth in areas with large subdivisions under construction.  Due to uncertainties regarding the 
time it will take for homes to build and connect, close monitoring of the growth in the various 
basins is recommended.  As mentioned previously, close monitoring of the growth rate is also 
recommended for the proposed treatment plant expansion.  
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Table 9.1 
PROPOSED PROJECT IMPLEMENTATION SCHEDULE 

 
Proposed 

Construction 
Year Capital Improvement Cost ($) 

6-Year Capital Improvement Plan 

2007 

Sewer Main S5-1 – 1350’ of 15-inch gravity sewer 184,000 

Sewer Main S5-2 – 1325’ of 15-inch gravity sewer 180,000 

Sewer Main S5-3 – 1900’ of 15-inch gravity sewer 389,000 

Sewer Main S5-4 – 2350’ of 8-inch gravity sewer 600,000 

Sewer Main S5-5 – 2150’ of 8-inch gravity sewer 549,000 

2008 

Sewer Main S10-5 – 1350’ of 18-inch gravity sewer 312,000 

Sewer Main S10-4 – 1400’ of 18-inch gravity sewer 324,000 

Sewer Main S21-1 – 1700’ of 15-inch gravity sewer 526,000 

Sewer Main S21-2 – 1400’ of 15-inch gravity sewer 287,000 

Sewer Main I5-1 – 1350’ of 10-inch gravity sewer 389,000 

2009 

Sewer Main S12-1 – 2200’ of 12-inch gravity sewer 276,000 

Sewer Main S12-2 – 1700’ of 8-inch gravity sewer 268,000 

Sewer Main S4-1 – 1900’ of 21-inch gravity sewer 326,000 

Force Main FM10-3 – 3050’ of 12-inch force main 838,000 

Force Main FM10-4 – 450’ of 12-inch force main 124,000 

2010 

Sewer Main S31-1 – 1275’ of 10-inch gravity sewer 219,000 

Sewer Main S2-1 – 1750’ of 12-inch gravity sewer 503,000 

Pump Station PS-T2 – 340 gpm capacity 500,000 

Force Main FM2 – 3050’ of 6-inch force main 369,000 

Trunk 2 Sewer – pipe bursting 1675’ of existing 10” sewer 197,000 

2011 

Sewer Main S31-2 – 700’ of 8-inch gravity sewer 111,000 

Sewer Main S2-2 – 1800’ of 12-inch gravity sewer 518,000 

Sewer Main S14-2 – 1050’ of 18-inch gravity sewer 355,000 

Sewer Main S16-6 – 2050’ of 12-inch gravity sewer 589,000 

WRF Phase 1 Improvements 24,800,00 

2012 
Sewer Main S13-4 – 1350’ of 15-inch gravity sewer 184,000 

Sewer Main S6-1 – 2950’ of 24-inch gravity sewer 833,000 
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Proposed 
Construction 

Year Capital Improvement Cost ($) 

2012 

Pump Station PS-T10 – 4,090 gpm capacity 1,300,000 

Force Main FM10-1 – 2,900’ of 16-inch force main 514,000 

Force Main FM10-2 – 3,370’ of 12-inch force main 593,000 

2013 to 2026 Improvements 

2013 to 2016 

Sewer Main S5-6 – 1350’ of 10-inch gravity sewer 367,000 

Sewer Main S10-1 – 2550’ of 21-inch gravity sewer 668,000 

Sewer Main S10-2 – 2550’ of 18-inch gravity sewer 389,000 

Sewer Main S10-3 – 1300’ of 18-inch gravity sewer 301,000 

Sewer Main S11-1 – 4000’ of 18-inch gravity sewer 1,352,000 

Sewer Main S11-2 – 1225’ of 12-inch gravity sewer 379,000 

Sewer Main S14-3 – 2800’ of 15-inch gravity sewer 867,000 

Trunk 2 Sewer – pipe bursting 2150’ of existing 10” sewer 269,000 

PS7-ALT – 1650’ of 12” gravity sewer 307,000 

2017 to 2020 

Sewer Main S10-6 – 2675’ of 15-inch gravity sewer 548,000 

Sewer Main S13-3 – 1900’ of 15-inch gravity sewer 259,000 
Sewer Main S13-5 – 5300’ of 15-inch gravity sewer 722,000 
Sewer Main S14-1 – 475’ of 24-inch gravity sewer 192,000 
Sewer Main S15-1 – 3400’ of 15-inch gravity sewer 1,052,000 
Sewer Main S15-2 – 1900’ of 12-inch gravity sewer 546,000 

Sewer Main S16-5 – 2300’ of 15-inch gravity sewer 712,000 

Sewer Main S20-1 – 1700’ of 15-inch gravity sewer 526,000 

Pump Station PS-T20 – 50 gpm capacity 450,000 

Force Main FM20 – 850’ of 4-inch force main 116,000 

PS9-ALT – 2050’ of 8” gravity sewer 524,000 

WRF Phase 2 Improvements 13,400,000 

2021 to 2024 

Sewer Main S4-2 – 3500’ of 21-inch gravity sewer 601,000 

Sewer Main S13-1 – 2600’ of 24-inch gravity sewer 1,049,000 

Sewer Main S13-2 – 2600’ of 21-inch gravity sewer 968,000 

Pump Station PS-T13 – 1215 gpm capacity 1,550,000 

Force Main FM13 – 7150’ of 12-inch force main 1,306,000 
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Proposed 
Construction 

Year Capital Improvement Cost ($) 

2021 to 2024 

Sewer Main S16-1 – 3200’ of 27-inch gravity sewer 1,331,000 

Sewer Main S16-2 – 1950’ of 24-inch gravity sewer 787,000 

Sewer Main S16-3 – 2800’ of 21-inch gravity sewer 1,042,000 

Sewer Main S16-4 – 2850’ of 12-inch gravity sewer 819,000 

Sewer Main S16-7 – 2800’ of 10-inch gravity sewer 762,000 

Pump Station PS-T16 – 3200 gpm capacity 1,250,000 

Force Main FM16 – 7150’ of 14-inch force main 1,852,000 

Pump Station PS-T15 – 1900 gpm capacity 1,450,000 

Force Main FM15 – 3050’ of 12-inch force main 555,000 

Force Main FMPS2 – 3800’ of 18 -inch force main 1,175,000 
 
Notes: 
1. Gravity sewer sizing based on minimum slope, force main at 6-ft/sec velocity. 
2. Costs in 2007 dollars.  Does not include 40% for engineering, tax and contingency. 

 
 
9.4 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 utilized to fund new capital improvements 
that increase system capacity, while monthly rate revenues have been utilized to fund operation 
and maintenance costs.  While this funding structure will likely continue, additional funding 
options are summarized in the following paragraphs. 
 
LOCAL IMPROVEMENT DISTRICT (LID) 
 
For wastewater collection system expansions, a local improvement district (LID) can be formed 
for the area to be served.  In the LID method of financing, a benefit area is established, and those 
parcels of property within that area share the cost of improvements constructed to serve the area.  
Revenue bonds finance the improvements, and property owners within the LID benefit area share 
in the cost of bond retirement. 
 
BONDS 
 
Wastewater facilities typically require a large one-time expenditure, such as a wastewater 
treatment plant expansion.  These improvements can be financed by a general obligation or 
revenue bond that is repaid during the life of the new facility.  The bond is normally repaid from 
revenues derived from monthly service charges.  Normally, all customers share in the bond 
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repayment.  If bond payments are made from monthly utility charges, the existing citizens 
effectively finance a proportionate share of the growth.  If bond payments are made from future 
impact fees, then growth pays for itself.  Where system development charges are used to retire 
the bond, these charges should be set sufficiently high to also pay for other system capacity 
upgrades that will be needed to restore the capacity lost as a result of that development. 
 
CONNECTION CHARGES 
 
Revenues have historically been generated for utility system improvements through the 
collection of connection charges.  As connections to the system are made, a connection fee is 
charged.  Although some of the connection fee may be used to recover costs associated with 
making the service connection, most of the fee is used to finance capacity upgrades.  The 
rationale behind these fees is that the existing system has a limited amount of excess capacity 
and that new demands upon the system should pay the cost of providing new capacity.  In Battle 
Ground, connection fees are classified as System Development Charges (SDCs).  When charging 
SDCs, it is important that they be used exclusively for capacity expansions, as opposed to 
maintenance upgrades. 
 
REVOLVING LOAN FUND PROGRAM 
 
The State of Washington has a program whereby the City can obtain low interest loans to finance 
utility system improvements.  The loan could be paid back with a funding program similar to that 
used to retire bonds. 
 
DEVELOPER FINANCING 
 
Utility distribution, collection, or even treatment facility improvements could be developer 
financed.  This method of financing for utility line extensions is often used in conjunction with 
system development charges, whereby the developer is reimbursed for expenditures from future 
SDCs.  
 
Developer financing typically is used for small collection system upgrades serving the immediate 
needs of a project.  It is difficult to implement major trunk or interceptor sewer construction 
using developer financing.  This relates to the fact that the schedule of a developer project is 
often much shorter than the time needed to obtain easements and environmental permits for 
gravity sewers down drainageways.    
 
STATE AND FEDERAL FUNDING PROGRAMS 
 
There are a number of State and Federal funding programs available to finance sewerage facility 
expansions. The nature of these programs varies with the political climate.  The recent trend has 
been for the availability of funds from these programs to decrease.  Another recent trend has 
been for the funds to be limited to current needs and environmental improvement projects, rather 
than to finance expansions for future growth. 
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9.5  POLICY ISSUES ASSOCIATED WITH FINANCING  
 
POLICY ISSUE #1 – PAYING THE COST OF GROWTH 
 
This Plan recommends that elected officials, through a public process, formally adopt a policy in 
regards to the cost of growth – how the cost of growth should be proportioned between existing 
taxpayers (ratepayers in the case of sewerage facilities) and new development.  
 
Historically, federal and state funds have been utilized to finance major sewer system 
expansions.  The recent trend has been towards a decreasing availability of federal and state 
funds.  When federal and state grants were utilized for sewer system expansions, the end result 
was that existing residents helped to finance growth.  Often, given the nature of the tax structure, 
people were unaware that they were financing growth.  In many cases, the issue was viewed as 
one of "water quality" rather than "paying for growth."  Now that state and federal funds are 
limited, there is sensitivity to the question of who pays for growth.  It is becoming very 
important to address sewer-funding issues so that the public can distinguish between those 
expenditures, which benefit all citizens equally, and those expenditures that exclusively serve 
new growth.   
 
Operation and maintenance costs clearly benefit all ratepayers, as do capital expenditures for 
repairs and maintenance-related replacement of existing facilities.  The benefit of capital 
expenditures for capacity upgrades of existing facilities, and collection system expansions into 
new service areas, is clearly limited to the new ratepayers being served by those expansions.  The 
issue of who pays for growth is clearly a "policy" issue.  Although policies vary from one 
community to next, the most common one is to have growth pay for itself.  In such cases, 
revenue from monthly sewer bills is used to pay for operation and maintenance costs, and utility 
extensions are funded by either LID, or developer financed with over-sizing for regional needs 
reimbursed by latecomer agreement or reimbursement of system development charges. 
 
As stated previously, for sewer planning purposes, implementation of the proposed facilities will 
be dependent upon financing.  The method of financing selected by the City largely depends 
upon two fundamental policy issues associated with the City’s role in financing growth:  1) how 
much, if any, should existing ratepayers pay for the cost of growth; and 2) if a policy of growth 
paying for itself is adopted by the City, how much risk are existing ratepayers willing to take 
regarding debt financing?  
 
If elected officials adopt the policy of having growth pay for itself, the issues are simplified.  If 
elected officials adopt a policy of having existing ratepayers finance growth, the issue becomes 
more complicated when considering the question of the share existing ratepayers should pay.  
 
The method by which existing ratepayers pay for the cost of growth is quite simple – through 
monthly service charges.  Capital improvements are either funded directly through accumulated 
revenue from service charges, or debt financed with debt retirement from monthly service 
charges. 
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Funding programs meeting the requirements of a policy of having growth pay for itself are much 
more complicated, particularly for collection system improvements.  The simplest method of 
having growth pay for itself is to calculate the improvements necessary to accommodate growth, 
to calculate the growth in terms of equivalent dwelling units, and to set a system development 
fee equal to the cost divided by the EDUs.  If other methods of financing such as LID or 
developer financing are utilized, the developer can be credited the proportional amount of system 
development charge. 
 
Where a policy of growth paying for itself using system development charges is adopted, and a 
community is faced with a very rapid rate of growth, the issue of “debt” risk becomes important.  
High growth rates often mean that major expenditures must be made for capital improvements, 
which results in significant debt.  Commonly, the intent is to have that debt retired from revenue 
generated by future system development fees. If growth and SDC revenue slows, the debt 
payments must be paid through monthly service charges.  Faced with raising monthly sewer fees 
to help with debt payments, elected officials tend to take action to encourage growth.  In such 
cases, it is often difficult for a community to impose strict development standards.  This is why 
the issue of risk is an important policy issue.  If a community adopts a policy of having growth 
pay for itself, said policy should also address the debt load a community is willing to accept. 
 
POLICY ISSUE #2 – TEMPORARY PUMP STATIONS 
 
This Plan recommends that elected officials, through a public process, formally adopt a policy in 
regards to the use of temporary pump stations to serve new growth areas.   
 
Wastewater can be either conveyed by gravity sewer, or pump station and force main.  
Conveyance by gravity sewer is highly preferred, due to the fact that it avoids the high cost of 
operating and maintaining a pump station and its force main.  Considering the cost of operation, 
maintenance, and equipment replacement, a small pump station costs the City about $20,000 per 
year.  If the force main is long, which requires sulfide control, the cost can approach $50,000 per 
year.  Larger pump stations cost even more. 
 
In some cases, pump stations cannot be avoided.  This Plan identifies those pump stations that 
cannot be reasonably replaced by gravity sewers.  It also identifies the location of force mains.  
The City will almost certainly be faced with developers wanting to serve their developments with 
temporary pump stations.  Given the topography of the area, and the fact that so much of the 
growth area is currently developed in 5 to 10 acre large lots, allowing temporary pump stations 
could very easily result in a situation where the City must maintain up to 30 temporary pump 
stations at an annual cost in excess of $500,000.  Therefore, one option is to allow temporary 
pump stations to facilitate development at the expense of ratepayers.  The other option is not to 
allow temporary pump stations at the expense of landowners wanting to develop their property.   
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9.6   FUNDING CAPITAL FACILITIES 
 
Currently, Battle Ground finances capital improvements associated with capacity expansion with 
SDC revenue.  This General Sewer Plan, once adopted, will be the basis for a revised calculation 
of the SDCs based upon the Capital Facilities Plan component of the Comprehensive Plan. 
 
The current SDC for the collection system is $2,068 per EDU.  In addition to these charges, there 
is a Regional Facilities Charge adopted by Clark County for expansion of the Salmon Creek 
Wastewater Treatment Plant.  Currently, this charge is $4,077.  The current total connection 
charge (Regional Facility Charge and General Facility Charge) is $6,145. 
 
Battle Ground previously collected an SDC from Hockinson, but not 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 billed at $0.29 per 100 cu. ft., which is billed directly to CRWWD based on monthly 
flow meter recordings. 
 
Although Battle Ground currently relies completely upon SDC financing to fund capacity related 
capital improvements, it is suggested that consideration be given to LID financing for those 
improvements associated with gravity sewer extensions down drainage ways.  The reason that 
LID financing may be the best option for these sewers is that it could avoid the cost of interim 
pump stations.  As it stands, a vacant parcel in the basin served by the proposed sewer has one of 
two 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 very lengthy time associated with obtaining 
easements and related environmental permits for sewers down these drainageways, there are 
significant challenges associated with each of these options.  LID financing would avoid many of 
these challenges.  
 
 
9.7 FINANCING SYSTEM OPERATION AND MAINTENANCE 
 
Like connection fees, monthly sewer rates are separated into two categories:  1) fees allocated to 
regional facilities, and 2) fees allocated to local facilities. 
 
The regional component of the monthly operating cost is for wastewater treatment plant 
operation, including administration costs.  The current Clark County monthly charge is $10.74 
per EDU.  Fees allocated to local facilities (Battle Ground’s portion of the monthly service 
charge) are a function of water usage.  Current monthly charges are $14.92 per EDU with an 
additional charge of $1.10 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, 
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CRWWD is billed on a monthly basis a flat rate of $0.29 per 100 cu. ft. based on monthly flow 
meter recordings. 
 
Battle Ground relies upon periodic rate studies to determine the adequacy of rates.  Currently, 
revenue is adequate to cover operating expenses and depreciation.  Rates will continue to be 
updated periodically to provide the necessary revenue for increases in operating costs. 



 
_____________________________________________________________________________________________ 
City of Battle Ground General Sewer Plan 10-1 
March 2011 FINAL DRAFT 

SECTION 10 
 

ENVIRONMENTAL ASSESSMENT 
 
 
10.1 GENERAL 
 
The environmental impacts associated with the General Sewer Plan will primarily be those 
related to construction of the proposed collection system and transmission system improvements 
as identified in this Plan. 
 
 
10.2 SEPA REQUIREMENTS 
 
An environmental checklist has been prepared and sent to the proper governmental agencies.  A 
copy of the SEPA checklist and Determination of Non-Significance is included in Appendix F. 
 
 
10.3 COMPREHENSIVE GROWTH MANAGEMENT PLAN EIS 
 
An Environmental Impact Statement was completed by Clark County in conjunction with the 
Growth Management planning process.  A copy of the EIS Summary is included in Appendix F.  
The complete EIS document can be viewed at the following link: 
http://www.co.clark.wa.us/longrangeplan/review/adoption/feis.html.  
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Figure A 1: Sewer Service Area Basin Map
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APPENDIX B 
 

SEWER SYSTEM MODELING 
 
 
B.1 OVERVIEW OF THE SEWER MODEL  
 
The collection system was modeled using the modeling program Hydra 6.4.  The model was run 
for three main conditions, the existing collection system, the 20-year collection system, and 
finally the 20-year collection system was modeled under buildout conditions. 
 
The major components in the model are the collection system, sewer service areas, and land use 
areas.  The collection system component describes the systems conveyance and pump systems.  
The service area component outlines the hydraulic basins served by each branch of the collection 
system.  The land use component describes the areas of the city, chosen by typography that 
divides the city into larger hydraulic basins. 
 
 
B.2 EXISTING COLLECTION SYSTEM  
 
COLLECTION SYSTEM 
 
Information about gravity sewers, manholes, pump stations, and force mains was entered into a 
collection system database.  Information was taken from as-built drawings and from previous 
models.  Where as-built information was not available the pipes were assumed to be at minimum 
slope. 
 
The model includes 235 gravity pipes, 234 manholes, 1 diversion structure, 4 force mains, and 3 
pumps.  Hydra assigned a unique ID number to each item in the collection system.  A map 
highlighting the modeled collection is shown as Figure B1. 
 
Data on existing pump station capacities, wetwell volumes and float switch settings were entered 
into the model.  Where pump station information was not known, reasonable estimations were 
substituted.  The pump station information entered into the model is summarized in Table B1. 
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Table B1 

PUMP STATION DATA 

Pump Station 
Capacity 

(cfs) 
Wetwell Volume 

(gal) 
Lead Pump On 

Volume (cf) 
Pumps Off 
Volume (cf) 

Lewisville Meadows 2.95 10,000a 1062a 20a 

Winchester Ranch 0.49 486a 49a 20a 

Horse Thief Canyon 0.22 264a 11a 5a 
 
Notes:  
a.  Assumed values 

 
 
SEWER SERVICE AREAS 
 
A service area defines a discrete drainage basin that discharges to a single pipe or manhole.  In 
unsewered areas, a service area is estimated based on topography, while in sewered areas it is 
defined by the layout of the system. 
 
The City of Battle Ground hydraulic model contains a service area database with 139 records, 
representing 139 different locations at which flow is injected into the collection system.  Each 
record contains a field with a unique ID number assigned by Hydra, and a field with the ID 
number of the collection system item into which the service area injects its flow.  A map 
detailing the modeled sewer service areas is shown as Figure B2. 
 
LAND USE AREAS 
 
The land use areas have been set up as broad drainage basins that serve either major sewer 
mains, or pump stations.  More accurate flow data enabled the model the development of a 
constant per capita flows and I&I was estimated based upon actual flow data.  The land use areas 
were assigned a residential population based upon EDU distributions and given the constant 80 
gpcd.  Recent developed areas were assigned 1500 gallons per acre per day (gpad) of I&I where 
older areas were assigned 2500 gpad of I&I.  The only exception occurred in the Battle Ground 
West (Pump Station No. 3) basin where flow records confirmed I&I larger than 2500 gpad; 
therefore the Battle Ground West basin was modeled with 6000 gpad of I&I. 
 
In the model, Hydra distributed flows from each land use area to all of the service area contained 
within the land use area, on an area-proportionate basis.  Flows from each service were then 
injected into the corresponding collection system component.  A map of the land use areas was 
included in Appendix A, with the land use areas being synonymous with drainage basins. 
 
The Battle Ground hydraulic model’s land use area database contains 50 records, representing 50 
regions of known or determined flow and I&I as determined by pump station records and
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topography of the proposed 20-year UGA.  The existing collection system model only utilizes 20 
records. 
 
Each land use area was assigned a population as described in Section 6 and an I&I allocation.  
Land use characteristics used in the existing system model are summarized in Table B2. 
 
 

Table B2 
EXISTING LAND USE AREA DATA 

Drainage 
Basin 

Gross Area 
(acres) EDU Allocation 

I&I Allocation 

Developed 
Acres 

Allocation 
(gpad) 

6 69 2 5 1500 

7 195 570 154 1500 

9 79 200 46 1500 

10 198 683 173 1500 

11 194 498 111 1500 

12 65 164 45 1500 

13 47 219 36 2500 

14 53 448 28 1500 

15 117 373 117 2500 

16 57 173 56 2500 

17 82 162 79 2500 

18 79 169 71 2500 

19 113 195 75 1500 

21 140 208 82 1500 

23 260 469 152 1500 

24 52 190 49 6000 

26 75 185 70 2500 

27 56 88 56 2500 

33 127 450 107 2500 

35 37 136 34 1500 
  
 
In addition to population information, each land use are in Hydra is associated with a diurnal 
flow pattern to simulate peak wastewater production during a dry weather day.  A more rigorous 
approach to modeling would involve flow monitoring at different locations to estimate diurnal 



Appendix B – Sewer System Modeling 

 
 
City Battle Ground General Sewer Plan B-6 
June 2009 FINAL DRAFT 

flow patterns in different parts of the city.  If more precise results are desired in the future then 
the hydraulic model can easily be modified to incorporate site-specific flow monitoring results.  
However, Battle Ground flow monitoring data is only available on the discharge point of the 
pump stations, so the model used a diurnal flow pattern that was modified from the City of 
Kalama General Sewer Plan, prepared by Gray & Osborne Inc.  A graph of the diurnal curve 
pattern used is shown in Figure B3. 
 
 

Figure B3 
RESIDENTIAL DIURNAL CURVE 
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MODEL CALIBRATION 
 
The existing system model was calibrated by comparing the actual peak day flow to the average 
flow produced by Hydra.  The highest recorded rainfall for Battle Ground was 78 inches, and the 
highest rainfall within the period of complete flow records was 62 inches.  The flows produced 
from Hydra were calibrated to be at least 15% greater than actual flow data to account for the 78-
inch rainfall event. 
 
For existing conditions, sewer mains selected for modeling were those whose upstream capacity 
at 20-year design flow conditions exceeded the capacity of an 8-inch main at minimum slope.   
 
For the 20-year and 50-year flow conditions, sewer main extensions and pump stations were 
located to fit topographic conditions.  Upon final selection of the preferred siting option, 
proposed sewers were modeled using similar methodologies of allocating EDU’s and allocating 
I&I.  The gravity sewers were generally installed at minimum slope and sized for buildout 
conditions, and pump station and force mains were sized for 20-year projections.  
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EXISTING MODEL RUN 
 
The existing system model was run in two scenarios.  The first scenario was modeled as is, 
without any improvements.  The second scenario modeled Trunk 2 as though the pipe bursting of 
the sections of pipe was constructed.  The two scenarios were compared to ensure that 
improvements would adequately mitigate the modeled surcharge events.  The modeled collection 
system is shown in Figure B1, and the sewer service areas are shown in Figure B2.  The model 
printout is included in the end of this Appendix. 
 
 
B.3 2026 COLLECTION SYSTEM  
 
The major existing sewers and proposed improvements were modeled under the 20-year flow 
conditions.  The EDU’s were allocated to the land use areas as included in Table B4.  EDU 
growth rate in the developed basins was evaluated based upon current zoning densities and 
proportioned with the undeveloped land.  Existing basins, without developable land were 
assumed to densify by 10% within 20-years. 
 
Allocation of EDU’s beyond the existing city limits were based upon expected developments.  It 
was assumed that the western area of Battle Ground would likely develop at a faster pace than 
the eastern portions of the UGA.  Topographic conditions as well as drainage paths were 
considered when allocating EDU’s to the growth area. 
 
COLLECTION SYSTEM 
 
The 2026 Collection System consists of 296 pipes, 294 manholes, 5 pumps, 5 force mains, and 1 
diversion structure.  The 20-year model was run first to analyze adequate capacity of the existing 
system under 20-year flows, and again with the recommended improvements to Trunk 2.  A map 
indicating the modeled 2026 collection system is shown as Figure B4. 
 
The 5 modeled pump stations are proposed pump stations.  Thorough engineering design is 
necessary to size the wetwell, determine pumping capacity and on and off volumes.  The 
assumed values are included in Table B3.  The values used were such that the force mains did 
not exhibit a friction head greater than 50 feet, and with a sufficient capacity so that the flow into 
the pump station would be transferred downstream to the receiving gravity sewers. 
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Table B3 
2026 PUMP STATION DATA 

Pump Station Capacity 
(cfs) 

Wetwell Volume 
(gal) 

Lead Pump On 
Volume (cf) 

Pumps Off 
Volume (cf) 

PS-T2 0.60a 1,000a 75a 20a 

PS-T10 8.00a 1,000a 500a 20a 

PS-T13 3.00a 1,000a 500a 20a 

PS-T15 4.75a 1,000a 500a 20a 

PS-T20 0.50a 1,000 a 75a 20a 
 
Notes:  
a. Assumed values 

 
 
SEWER SERVICE AREAS 
 
The City of Battle Ground hydraulic model contains a service area database with 175 records, 
representing 175 different locations at which flow is injected into the collection system.  Each 
record contains a field with a unique ID number assigned by Hydra, and a field with the ID 
number of the collection system item into which the service area injects its flow.  A map 
detailing the modeled sewer service areas is shown as Figure B5. 
 
LAND USE AREAS 
 
The land use areas have been set up as broad drainage basins that serve either major sewer 
mains, or pump stations.  More accurate flow data enabled the model the development of a 
constant per capita flows and I&I was estimated based upon actual flow data.  The land use areas 
were assigned a residential population based upon EDU distributions and given the constant 80 
gpcd.  Recent developed areas were assigned a 1500 gpad of I&I where older areas were 
assigned 2500 gpad of I&I.  The only exception occurred in the Battle Ground West (Pump 
Station No. 3) basin where flow records confirmed I&I larger than 2500 gpad; therefore the 
Battle Ground West basin was modeled with 6000 gpad of I&I. 
 
In the model, Hydra distributed flows from each land use area to all of the service area contained 
within the land use area, on an area-proportionate basis.  Flows from each service were then 
injected into the corresponding collection system component.  A map of the land use areas was 
included in Appendix A, with the land use areas being synonymous with drainage basins. 
 
The Battle Ground hydraulic model’s land use area database contains 50 records, representing 50 
regions of known or determined flow and I&I as determined by pump station records and 
typography of the proposed 20-year UGA.  The 2026 collection system model utilizes all 50 land 
use areas. 
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Table B4 
2026 LAND USE AREA DATA 

Drainage 
Basin 

Gross 
Area 

(acres) 
EDU 

Allocation 

I&I Allocation 

Old Developed Acres
New Developed Acres 

Old Allocation (gpad)
New Allocation (gpad) 

1 119 150 0 
53 

2500 
1500 

2 165 150 0 
51 

2500 
1500 

3 120 75 0 
23 

2500 
1500 

4 323 1000 0 
200 

2500 
1500 

5 40 150 0 
28 

2500 
1500 

6 69 2 5 
33 

2500 
1500 

7 195 570 154 
41 

2500 
1500 

8 281 787 0 
185 

2500 
1500 

9 79 200 46 
4 

2500 
1500 

10 198 683 173 
17 

2500 
1500 

11 194 498 111 
55 

2500 
1500 

12 65 164 45 
9 

2500 
1500 

13 47 219 36 
5 

2500 
1500 

14 53 448 28 
3 

2500 
1500 

15 117 373 117 
0 

2500 
1500 

16 57 173 56 
1 

2500 
1500 

17 82 162 79 
3 

2500 
1500 

18 79 169 71 
8 

2500 
1500 
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Drainage 
Basin 

Gross 
Area 

(acres) 
EDU 

Allocation 

I&I Allocation 

Old Developed Acres
New Developed Acres 

Old Allocation (gpad)
New Allocation (gpad) 

19 113 195 75 
15 

2500 
1500 

20 114 50 0 
20 

2500 
1500 

21 140 208 82 
24 

2500 
1500 

22 281 350 0 
152 

2500 
1500 

23 260 469 152 
107 

2500 
1500 

24 52 190 49 
3 

6000 
1500 

25 41 75 0 
32 

2500 
1500 

26 75 185 70 
5 

2500 
1500 

27 56 88 56 
0 

2500 
1500 

28 126 300 0 
51 

2500 
1500 

29 20 140 0 
18 

2500 
1500 

30 117 200 0 
22 

2500 
1500 

31 84 120 0 
48 

2500 
1500 

32 297 913 222 
75 

2500 
1500 

33 127 450 107 
18 

2500 
1500 

34 391 900 0 
215 

2500 
1500 

35 37 136 34 
1 

2500 
1500 

36 138 180 50 
27 

2500 
1500 

37 75 30 0 
11 

2500 
1500 
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Drainage 
Basin 

Gross 
Area 

(acres) 
EDU 

Allocation 

I&I Allocation 

Old Developed Acres
New Developed Acres 

Old Allocation (gpad)
New Allocation (gpad) 

38 254 300 0 
127 

2500 
1500 

39 83 300 0 
41 

2500 
1500 

40 255 800 0 
143 

2500 
1500 

41 157 400 0 
83 

2500 
1500 

42 165 150 0 
33 

2500 
1500 

43 159 150 0 
32 

2500 
1500 

44 41 75 0 
29 

2500 
1500 

45 118 150 0 
39 

2500 
1500 

46 96 150 0 
44 

2500 
1500 

47 294 250 0 
119 

2500 
1500 

48 94 50 0 
22 

2500 
1500 

49 277 183 244 
24 

2500 
1500 

50 115 60 0 
26 

2500 
1500 

 
 
2026 MODEL RUN 
 
The 2026 collection system was modeled under two different scenarios.  The first scenario 
allocated the flows from Basin 24 to Lateral 10 through the current force main, and the second 
scenario modeled the system as though the flows from Pump Station No. 7 were diverted through 
a new 12” gravity sewer into Trunk 6.  The 2026 model does not include all of the upsizing as 
recommended by the GSP, but is based off of expected 2026 flows.  Also, the model was run 
with the pipe bursting being completed on Trunk 2, therefore assuming project completion 
within 20-years.  The two runs were analyzed and the maximum or worst case scenarios are 
presented in the model output at the end of this Appendix. 
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B.4 BUILDOUT COLLECTION SYSTEM  
 
The buildout condition model is set up in the same method that the 2026 model was run, with the 
exception that the pipe sizing does include upsizing for future expansion, and the results are used 
to size the proposed improvements.  The EDU’s per basin were calculated by taking zoning and 
assumed EDU density per acres and reducing the numbers by 25% for loss due to open space, 
wetlands, and infrastructure.  The EDU’s were then inputted into Table B6 with the I&I 
allocations. 
 
COLLECTION SYSTEM 
 
The buildout collection system consists of 296 pipes, 294 manholes, 5 pumps, 5 force mains, and 
1 diversion structure.  The model for the buildout model is the same as the 2026 and is included 
as Figure B.4. 
 
The 5 modeled pump stations are proposed pump stations.  Thorough engineering design is 
necessary to size the wetwell, determine pumping capacity and on and off volumes.  The 
assumed values are included in Table B3.  The values used were such that the force mains did 
not exhibit a friction head greater than 50’, and with a sufficient capacity so that the flow into the 
pump station would be transferred downstream to the receiving gravity sewers. 
 
 

Table B5 
BUILDOUT PUMP STATION DATA 

Pump Station 
Capacity 

(cfs) 
Wetwell Volume 

(gal) 
Lead Pump On 

Volume (cf) 
Pumps Off 
Volume (cf) 

PS-T2 2.50a 1,000a 75a 20a 

PS-T10 (dual pumps) 6.00a 

6.00a 1,000a 500a 20a 

PS-T13 6.00a 1,000a 500a 20a 

PS-T15 (dual pumps) 6.00a 

6.00a 1,000a 500a 20a 

PS-T20 2.50a 1,000 a 75a 20a 
 
Notes:  
a. Assumed values 

 
SEWER SERVICE AREAS 
 
The sewer service areas as described above for the 2026 model were utilized for the buildout 
model. 
 



Appendix B – Sewer System Modeling 

 
 
City Battle Ground General Sewer Plan B-15 
June 2009 FINAL DRAFT 

LAND USE AREAS 
 
The land use areas as described above for the 2026 model were utilized for the buildout model. 
 

Table B6 
BUILDOUT LAND USE DATA 

Drainage 
Basin 

Gross Area 
(acres) 

EDU 
Allocation 

I&I Allocation 

Old Developed Acres
New Developed Acres

Old Allocation (gpad)
New Allocation (gpad) 

1 119 334 53 
66 

2500 
1500 

2 165 479 51 
114 

2500 
1500 

3 120 391 23 
97 

2500 
1500 

4 323 1612 200 
123 

2500 
1500 

5 40 211 28 
12 

2500 
1500 

6 69 417 38 
31 

2500 
1500 

7 195 725 195 
0 

2500 
1500 

8 281 1194 185 
96 

2500 
1500 

9 79 296 50 
29 

2500 
1500 

10 198 1182 190 
8 

2500 
1500 

11 194 1057 166 
28 

2500 
1500 

12 65 391 54 
11 

2500 
1500 

13 47 261 41 
6 

2500 
1500 

14 53 196 31 
22 

2500 
1500 

15 117 395 117 
0 

2500 
1500 

16 57 280 57 
0 

2500 
1500 
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Drainage 
Basin 

Gross Area 
(acres) 

EDU 
Allocation 

I&I Allocation 

Old Developed Acres
New Developed Acres

Old Allocation (gpad)
New Allocation (gpad) 

17 82 1347 82 
0 

2500 
1500 

18 79 400 79 
0 

2500 
1500 

19 113 681 90 
23 

2500 
1500 

20 114 282 20 
94 

2500 
1500 

21 140 692 106 
34 

2500 
1500 

22 281 645 152 
129 

2500 
1500 

23 260 1347 260 
0 

2500 
1500 

24 52 257 52 
0 

6000 
1500 

25 41 95 32 
9 

2500 
1500 

26 75 217 75 
0 

2500 
1500 

27 56 230 56 
0 

2500 
1500 

28 126 738 51 
75 

2500 
1500 

29 20 153 18 
2 

2500 
1500 

30 117 1057 22 
95 

2500 
1500 

31 84 208 48 
36 

2500 
1500 

32 297 1431 297 
0 

2500 
1500 

33 127 824 125 
2 

2500 
1500 

34 391 1628 215 
176 

2500 
1500 

35 37 196 35 
2 

2500 
1500 
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Drainage 
Basin 

Gross Area 
(acres) 

EDU 
Allocation 

I&I Allocation 

Old Developed Acres
New Developed Acres

Old Allocation (gpad)
New Allocation (gpad) 

36 138 321 77 
61 

2500 
1500 

37 75 201 11 
64 

2500 
1500 

38 254 599 127 
127 

2500 
1500 

39 83 598 41 
42 

2500 
1500 

40 255 1422 143 
112 

2500 
1500 

41 157 751 83 
74 

2500 
1500 

42 165 730 0 
33 

2500 
1500 

43 159 739 32 
127 

2500 
1500 

44 41 104 29 
12 

2500 
1500 

45 118 452 39 
79 

2500 
1500 

46 96 322 44 
52 

2500 
1500 

47 294 614 119 
175 

2500 
1500 

48 94 211 22 
72 

2500 
1500 

49 277 623 268 
9 

2500 
1500 

50 115 265 26 
89 

2500 
1500 

 
 
BUILDOUT MODEL RUN 
 
The buildout collection system was modeled under one scenario.  The model does include the 
upsizing of Trunk 2 conditions as recommended in the plan.  The model assumes that the 
improvements to abandon Pump Station No. 7 were not completed, but that the improvement 
PS9-Alt was constructed.  Also, the model assumed that the pipe bursting of Trunk 2 was also 
completed.  The model run is included at the end of this Appendix. 
 



Existing Collection System Model Wallis Engineering

Capacity 
(cfs) 2006 Surcharge

Surcharge (w/ 
Improvements)

[1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12]
1 2 Lateral 20 105 8 0.004 0.7469 0.4146 0 0 0
4 4 Lateral 20 683 8 0.004 0.7978 0.4675 0 0 0
6 6 Lateral 20 416 8 0.004 0.8033 0.4849 0 0 0
8 8 Lateral 20 208 8 0.005 0.8183 0.4848 0 0 0
10 10 Lateral 20 394 8 0.004 0.7767 0.6661 0 0 0
12 12 Lateral 20 386 8 0.003 0.6258 0.6748 0.114 0.114 10 Surcharge less than 3' is acceptable
14 14 Lateral 20 129 8 0.003 0.7157 0.6737 0 0 10
16 16 Lateral 20 128 8 0.004 0.7786 0.6727 0 0 0
18 18 Lateral 20 122 8 0.004 0.79 0.6781 0 0 0
20 20 Lateral 20 258 8 0.004 0.7733 0.6767 0.376 0.376 10 Surcharge less than 3' is acceptable
22 22 Lateral 20 262 8 0.004 0.7481 0.8395 0.576 0.576 10 Surcharge less than 3' is acceptable
24 24 Lateral 20 127 8 0.004 0.7678 0.952 0.515 0.515 10 Surcharge less than 3' is acceptable
26 26 Lateral 20 198 8 0.004 0.7888 0.9685 0.44 0.44 10 Surcharge less than 3' is acceptable
28 28 Lateral 20 93 8 0.007 0.9792 0.9651 0.239 0.239 10 Surcharge less than 3' is acceptable
30 30 Lateral 20 169 8 0.004 0.7223 0.9815 0.082 0.082 10 Surcharge less than 3' is acceptable
32 78 Lateral 20 302 18 0.003 5.28 2.0868 0 0 0
34 80 Lateral 20 193 18 0.002 4.7378 2.0595 0 0 0
36 82 Lateral 20 113 18 0.003 5.325 2.1159 0 0 0
38 84 Lateral 20 89 18 0.004 6.4235 2.0978 0 0 0
40 32 Trunk 6 653 10 0.002 0.9826 0.0147 0 0 0
43 34 Trunk 6 662 12 0.002 1.5978 0.7388 0 0 0
45 36 Trunk 6 140 12 0.000 0 0.7505 0 0 0
47 38 Trunk 6 130 12 0.000 0 0.7497 0 0 0
49 40 Trunk 6 278 12 0.003 2.0867 0.8587 0 0 0
51 42 Trunk 6 272 12 0.002 1.734 0.8562 0 0 0
53 44 Trunk 6 193 12 0.004 2.119 0.8525 0 0 0
55 46 Trunk 6 208 12 0.002 1.6792 1.1607 0 0 0
57 48 Trunk 6 399 12 0.003 1.8842 1.1542 0 0 0
59 50 Trunk 6 400 12 0.003 1.8311 1.1434 0 0 0
61 52 Trunk 6 188 12 0.003 1.859 1.1299 0 0 0
63 54 Trunk 6 93 12 0.003 1.9603 1.1383 0 0 0
65 56 Trunk 6 95 12 0.003 1.8646 1.1295 0 0 0
67 58 Trunk 6 359 12 0.003 1.9683 1.1605 0 0 0
69 60 Trunk 6 359 12 0.002 1.7381 1.1402 0 0 0
71 62 Trunk 6 356 12 0.002 1.5496 1.1412 0 0 0
73 64 Trunk 6 161 12 0.003 1.8865 1.1161 0 0 0
75 66 Trunk 6 111 15 0.003 3.5794 1.1233 0 0 0
77 68 Trunk 6 178 15 0.002 2.6585 1.1199 0 0 0
79 70 Trunk 6 163 15 0.003 3.4781 1.1172 0 0 0
81 72 Trunk 6 122 15 0.004 4.1005 1.1359 0 0 0
83 74 Trunk 6 319 15 0.002 3.0789 1.1407 0 0 0
85 76 Trunk 6 255 15 0.002 3.1941 1.1376 0 0 0
86 88 Trunk 5 234 6 0.001 0.1631 0 0 0 0
89 90 Trunk 5 277 6 0.002 0.2513 0 0 0 0
91 92 Trunk 5 282 6 0.002 0.2515 0.0012 0 0 0
93 94 Trunk 5 42 6 0.002 0.2442 0.0012 0 0 0
95 96 Trunk 5 361 6 0.002 0.2513 0.0012 0 0 0
97 98 Trunk 5 389 6 0.002 0.2516 0.0028 0 0 0
99 100 Trunk 5 352 8 0.002 0.5416 0.0027 0 0 0

101 102 Trunk 5 251 8 0.002 0.5419 0.0027 0 0 0

G_IDPipe ID
New 

Diameter Comments
Length 

(ft)

Existing 
Diameter 

(in) Slope (ft/ft)Lateral

Design Peak Flows (cfs)

City of Battle Ground
General Sewer Plan

Appendix B
June 30, 2007



Existing Collection System Model Wallis Engineering

Capacity 
(cfs) 2006 Surcharge

Surcharge (w/ 
Improvements)G_IDPipe ID

New 
Diameter Comments

Length 
(ft)

Existing 
Diameter 

(in) Slope (ft/ft)Lateral

Design Peak Flows (cfs)

103 104 Trunk 5 458 15 0.002 2.8221 0.0883 0 0 0
105 106 Trunk 5 524 15 0.001 2.1912 0.4446 0 0 0
107 108 Trunk 5 175 15 0.002 2.7248 0.6591 0 0 0
109 110 Trunk 5 259 15 0.002 2.8434 0.6677 0 0 0
111 112 Trunk 5 428 15 0.002 2.7109 0.9817 0 0 0
113 114 Trunk 5 170 15 0.002 2.5819 0.9958 0 0 0
115 116 Trunk 5 351 15 0.002 2.7857 1.02 0 0 0
117 118 Trunk 5 78 15 0.004 3.8786 1.0137 0 0 0
119 120 Trunk 5 430 18 0.004 6.8144 1.0094 0 0 0
121 122 Trunk 5 427 18 0.004 6.6676 1.0372 0 0 0
123 124 Trunk 5 150 18 0.003 6.0225 1.0245 0 0 0
125 126 W.S. Relief 2 307 18 0.004 6.7691 1.0171 0 0 0
127 128 W.S. Relief 2 446 18 0.003 5.645 1.0048 0 0 0
129 130 W.S. Relief 2 366 18 0.004 6.4692 0.9818 0 0 0
131 132 W.S. Relief 2 418 18 0.003 5.8255 0.971 0 0 0
133 134 W.S. Relief 2 263 18 0.003 5.8101 0.9674 0 0 0
135 136 W.S. Relief 2 468 18 0.003 5.7619 0.9613 0 0 0
137 138 W.S. Relief 2 91 18 0.001 3.4853 0.9474 0 0 0
139 140 W.S. Relief 2 554 20 0.001 5.0266 0.9568 0 0 0
141 142 W.S. Relief 1 344 20 0.001 4.5144 1.0267 0 0 0
143 144 W.S. Relief 1 290 24 0.001 7.9954 1.0237 0 0 0
145 146 W.S. Relief 1 365 24 0.001 7.7845 1.0184 0 0 0
147 148 W.S. Relief 1 55 24 0.001 6.8129 1.0087 0 0 0
149 150 W.S. Relief 1 691 21 0.001 5.5723 1.0313 0 0 0
151 152 W.S. Relief 1 380 21 0.002 7.6069 1.0501 0 0 0
153 154 W.S. Relief 1 263 21 0.002 7.7141 1.0609 0 0 0
155 198 W.S. Relief 1 408 21 0.002 6.4848 2.0256 0 0 0
157 200 W.S. Relief 1 357 21 0.002 6.7268 2.0268 0 0 0
159 202 W.S. Relief 1 43 21 0.026 25.4592 2.0025 0 0 0
161 204 W.S. Relief 1 512 21 0.002 6.7738 1.9971 0 0 0
163 206 W.S. Relief 1 207 21 0.002 7.563 1.9665 0 0 0
165 208 W.S. Relief 1 270 21 0.002 6.6981 1.9465 0 0 0
167 210 Trunk 4 621 21 0.002 7.0433 1.9392 0 0 0
169 424 Trunk 4 252 30 0.002 18.868 5.3514 0 0 0
171 426 Trunk 4 435 30 0.001 14.2136 5.3214 0 0 0
173 428 Trunk 4 603 30 0.001 14.2134 5.0455 0 0 0
175 430 W.S. Relief 1 585 30 0.003 21.6412 4.9719 0 0 0
177 432 W.S. Relief 1 304 30 0.005 28.976 4.9533 0 0 0
179 434 W.S. Relief 1 564 30 0.002 18.733 4.9401 0 0 0
181 436 W.S. Relief 1 601 30 0.003 23.4872 4.9374 0 0 0
183 438 W.S. Relief 1 74 30 0.002 16.549 4.9843 0 0 0
185 156 Trunk 2 287 8 0.004 0.7637 0.7342 8.808 0.116 10 Improvements reduce surcharge to acceptable limits
188 158 Trunk 2 314 8 0.004 0.7676 0.7342 8.954 0.266 10 Improvements reduce surcharge to acceptable limits
190 160 Trunk 2 229 8 0.005 0.8699 0.7337 9.333 0.648 0 Improvements reduce surcharge to acceptable limits
192 162 Trunk 2 345 8 0.003 0.7058 0.7539 9.333 0.688 10 Improvements reduce surcharge to acceptable limits
194 164 Lateral 6 225 8 0.005 0.858 0.3111 0 0 0
197 166 Lateral 6 312 8 0.017 1.5844 0.3315 1.199 0 0 Surcharge less than 3' is acceptable
199 168 Lateral 6 200 8 0.005 0.8269 0.3313 2.28 0 0 Surcharge less than 3' is acceptable
201 170 Lateral 6 312 8 0.006 0.9458 0.3547 3.912 0 0 Improvements reduce surcharge to acceptable limits
203 172 Lateral 6 339 8 0.005 0.8193 0.3544 5.292 0 0 Improvements reduce surcharge to acceptable limits
205 174 Lateral 6 245 8 0.004 0.8 0.3843 6.214 0 0 Improvements reduce surcharge to acceptable limits
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Existing Collection System Model Wallis Engineering

Capacity 
(cfs) 2006 Surcharge

Surcharge (w/ 
Improvements)G_IDPipe ID

New 
Diameter Comments

Length 
(ft)

Existing 
Diameter 

(in) Slope (ft/ft)Lateral

Design Peak Flows (cfs)

207 176 Lateral 6 80 8 0.005 0.8351 0.3833 7.344 0 0 Improvements reduce surcharge to acceptable limits
209 178 Lateral 6 243 8 0.004 0.7657 0.3824 8.122 0 0 Improvements reduce surcharge to acceptable limits
211 180 Lateral 6 418 8 0.004 0.7679 0.4139 9.353 0.541 0 Improvements reduce surcharge to acceptable limits
212 182 Trunk 2 260 8 0.004 0.7594 1.164 10.417 0.685 10 Improvements reduce surcharge to acceptable limits
214 184 Trunk 2 364 8 0.003 0.629 1.2257 11.591 0.725 12 Improvements reduce surcharge to acceptable limits
216 186 Trunk 2 369 8 0.003 0.6909 1.3244 11.906 0.614 12 Improvements reduce surcharge to acceptable limits
218 188 Trunk 2 301 8 0.004 0.7743 1.3184 11.492 0.642 12 Improvements reduce surcharge to acceptable limits
220 190 Trunk 2 378 8 0.003 0.6936 1.3136 12.546 0.652 12 Improvements reduce surcharge to acceptable limits
222 192 Trunk 2 252 10 0.002 0.9185 1.3514 9.68 0.521 15 Improvements reduce surcharge to acceptable limits
224 194 Trunk 2 179 10 0.014 2.5663 1.3425 11.017 2.726 0 Improvements reduce surcharge to acceptable limits
226 222 Trunk 2 385 10 0.003 1.1471 1.9141 11.043 2.726 15 Improvements reduce surcharge to acceptable limits
228 224 Trunk 2 413 10 0.003 1.1688 1.9503 10.183 2.733 15 Improvements reduce surcharge to acceptable limits
230 226 Trunk 2 227 10 0.003 1.1002 1.9381 8.131 2.745 15 Improvements reduce surcharge to acceptable limits
232 228 Trunk 2 235 10 0.003 1.1097 1.9293 6.97 2.71 15 Improvements reduce surcharge to acceptable limits
234 230 Trunk 2 242 10 0.002 1.0932 1.9204 5.795 2.693 15 Improvements reduce surcharge to acceptable limits
236 232 Trunk 2 204 10 0.002 0.9737 1.9921 4.581 2.67 15 Improvements reduce surcharge to acceptable limits
238 234 Trunk 2 36 10 0.003 1.1556 1.9827 3.405 2.574 15 Improvements reduce surcharge to acceptable limits
240 236 Trunk 2 395 12 0.002 1.6959 1.9784 3.294 2.819 15 Improvements reduce surcharge to acceptable limits
242 238 Trunk 2 278 12 0.002 1.6022 2.216 2.971 2.573 15 Surcharge less than 3' is acceptable
244 240 Interceptor 2 122 12 0.001 1.0234 2.3256 2.559 2.223 18 Surcharge less than 3' is acceptable
246 242 Interceptor 2 360 12 0.002 1.7552 2.3146 2.262 1.955 15 Surcharge less than 3' is acceptable
248 244 Interceptor 2 449 12 0.002 1.6767 2.4578 1.528 1.308 15 Surcharge less than 3' is acceptable
250 246 Interceptor 2 261 15 0.001 2.5032 2.4395 0.158 0.078 18 Surcharge less than 3' is acceptable
252 248 Interceptor 2 299 15 0.002 2.5121 2.5564 0.158 0.088 18 Surcharge less than 3' is acceptable
254 250 Interceptor 2 243 15 0.001 2.4229 2.5366 0.142 0.088 18 Surcharge less than 3' is acceptable
256 252 Interceptor 2 356 15 0.001 2.4983 2.7416 0.06 0.027 18 Surcharge less than 3' is acceptable
257 196 Lateral 10 409 8 0.002 0.5684 1.0907 2.529 2.529 12 Surcharge less than 3' is acceptable
260 212 Lateral 10 199 8 0.006 0.9531 0 0 0 0
262 214 Lateral 10 257 8 0.005 0.8808 0.3078 8.841 2.02 0 Improvements reduce surcharge to acceptable limits
264 216 Lateral 10 129 8 0.004 0.7482 0.5786 9.078 2.257 0 Improvements reduce surcharge to acceptable limits
266 218 Lateral 10 247 8 0.003 0.6805 0.5786 9.333 2.512 0 Improvements reduce surcharge to acceptable limits
268 220 Lateral 10 300 8 0.004 0.7636 0.5784 11.183 3.059 0 Improvements reduce surcharge to acceptable limits
269 422 Trunk 4 422 12 0.017 4.6388 3.8453 0 0 0
271 254 Lateral 7 254 8 0.004 0.7369 0.406 0 0 0
274 256 Lateral 7 251 8 0.005 0.875 0.426 0 0 0
276 258 Lateral 7 278 8 0.005 0.8839 0.4259 0 0 0
278 260 Lateral 7 76 8 0.005 0.8676 0.4365 0 0 0
280 262 Lateral 7 247 8 0.004 0.751 0.4608 0 0 0
282 264 Lateral 7 318 8 0.004 0.7542 0.4604 0 0 0
284 266 Lateral 7 205 8 0.006 0.9119 0.4845 0 0 0
286 268 Lateral 7 273 8 0.004 0.7894 0.4837 0 0 0
288 270 Lateral 7 224 8 0.003 0.6371 0.4985 0 0 0
290 272 Lateral 7 339 8 0.003 0.7114 0.4967 0 0 0
292 274 Lateral 7 260 8 0.003 0.6246 0.5064 0 0 0
294 276 Lateral 7 245 8 0.003 0.662 0.5036 0 0 0
296 278 Lateral 7 123 8 0.003 0.6993 0.5004 0 0 0
298 280 Lateral 7 248 8 0.003 0.6617 0.4981 0 0 0
300 294 Trunk 3 490 10 0.002 1.0122 0.9779 0 0 12 No surcharge does not require immediate attention
302 296 Trunk 3 205 12 0.002 1.6567 1.1855 0 0 0
304 298 Trunk 3 356 12 0.002 1.5953 1.1788 0 0 0
306 300 Trunk 3 197 12 0.003 1.8713 1.2745 0 0 0
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Existing Collection System Model Wallis Engineering

Capacity 
(cfs) 2006 Surcharge

Surcharge (w/ 
Improvements)G_IDPipe ID

New 
Diameter Comments

Length 
(ft)

Existing 
Diameter 

(in) Slope (ft/ft)Lateral

Design Peak Flows (cfs)

308 302 Trunk 3 157 12 0.002 1.6123 1.2794 0 0 0
310 304 Interceptor 3 462 12 0.002 1.5495 1.2736 0 0 0
312 459 Interceptor 3 204 12 0.003 1.87 1.4456 0 0 0
314 461 Interceptor 3 78 12 0.008 3.2639 1.4384 0.444 0.444 0 Surcharge less than 3' is acceptable
316 463 Interceptor 3 359 12 0.001 1.2933 1.5284 0.444 0.444 15 Surcharge less than 3' is acceptable
318 465 Interceptor 3 385 12 0.002 1.618 1.5125 0.146 0.146 15 Surcharge less than 3' is acceptable
320 467 Interceptor 3 399 12 0.002 1.599 1.4951 0.266 0.266 15 Surcharge less than 3' is acceptable
322 469 Interceptor 3 387 12 0.002 1.6235 1.4763 0.424 0.424 15 Surcharge less than 3' is acceptable
324 471 Interceptor 3 224 12 0.002 1.637 1.4674 0.542 0.542 15 Surcharge less than 3' is acceptable
326 473 Interceptor 3 172 12 0.002 1.5651 1.8858 0.542 0.542 15 Surcharge less than 3' is acceptable
328 475 Interceptor 3 182 12 0.000 0.7937 1.8747 0.053 0.053 18 Surcharge less than 3' is acceptable
330 477 Interceptor 1 320 48 0.020 203.4608 3.4101 0 0 0
332 282 Lateral 5 345 8 0.009 1.1244 0.4023 0 0 0
335 284 Lateral 5 251 8 0.005 0.8444 0.4023 0 0 0
337 286 Lateral 5 300 8 0.005 0.8593 0.4021 0 0 0
339 288 Lateral 5 148 8 0.003 0.6609 0.427 0 0 0
341 290 Lateral 5 119 8 0.003 0.6393 0.4267 0 0 0
343 292 Lateral 5 430 8 0.003 0.6346 0.4707 0 0 0
344 306 Trunk 1 169 8 0.002 0.542 0.598 0.235 0.235 10 Surcharge less than 3' is acceptable
347 308 Trunk 1 358 8 0.002 0.5395 0.6304 0.131 0.131 10 Surcharge less than 3' is acceptable
349 310 Trunk 1 91 8 0.027 1.9838 0.6296 0 0 0
351 312 Trunk 1 295 8 0.005 0.876 0.629 0 0 0
353 314 Trunk 1 256 8 0.005 0.8903 0.6271 0 0 0
355 316 Trunk 1 136 8 0.005 0.8889 0.6262 0 0 0
357 318 Trunk 1 251 8 0.007 0.9816 0.7061 0 0 0
359 320 Trunk 1 407 8 0.005 0.8646 0.7213 0 0 0
361 322 Trunk 1 331 8 0.004 0.7875 0.7171 0 0 10 No surcharge does not require immediate attention
363 324 Trunk 1 362 8 0.005 0.8937 0.7125 0 0 0
365 326 Trunk 1 131 8 0.006 0.9172 0.7068 0 0 0
367 328 Trunk 1 249 10 0.004 1.3997 0.7177 0 0 0
369 330 Trunk 1 22 10 0.004 1.4203 0.7251 0 0 0
371 332 Trunk 1 254 10 0.004 1.3933 0.7228 0 0 0
373 344 Trunk 1 28 10 0.002 1.0199 1.1829 0.002 0.002 12 Surcharge less than 3' is acceptable
375 346 Trunk 1 216 12 0.004 2.1593 1.1798 0 0 0
377 348 Trunk 1 278 12 0.003 2.0782 1.1963 0 0 0
379 350 Trunk 1 154 12 0.004 2.3718 1.1862 0 0 0
381 352 Trunk 1 311 12 0.003 2.0568 1.2306 0 0 0
382 334 Lateral1 109 8 0.008 1.0525 0.2522 0 0 0
385 336 Lateral1 125 8 0.006 0.9588 0.446 0 0 0
387 338 Lateral1 262 8 0.007 1.0245 0.4537 0 0 0
389 340 Lateral1 289 8 0.005 0.8522 0.4534 0 0 0
391 342 Lateral1 331 8 0.009 1.1532 0.4519 0 0 0
392 354 Interceptor 1 151 12 0.004 2.1748 1.4456 0 0 0
394 356 Interceptor 1 178 12 0.002 1.5845 1.4384 0 0 15 No surcharge does not require immediate attention
396 358 Interceptor 1 260 12 0.002 1.5824 1.4626 0 0 15 No surcharge does not require immediate attention
398 360 Interceptor 1 426 12 0.002 1.6058 1.4769 0.021 0.021 15 Surcharge less than 3' is acceptable
400 362 Interceptor 1 448 12 0.002 1.5657 1.4599 0.132 0.132 15 Surcharge less than 3' is acceptable
402 364 Interceptor 1 264 12 0.002 1.5247 1.5309 0.132 0.132 15 Surcharge less than 3' is acceptable
404 366 Interceptor 1 162 12 0.002 1.4849 1.5153 0.148 0.148 15 Surcharge less than 3' is acceptable
406 368 Interceptor 1 68 12 0.001 1.2245 1.505 0.146 0.146 15 Surcharge less than 3' is acceptable
408 370 Interceptor 1 132 12 0.002 1.5856 1.4949 0.134 0.134 15 Surcharge less than 3' is acceptable
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Existing Collection System Model Wallis Engineering

Capacity 
(cfs) 2006 Surcharge

Surcharge (w/ 
Improvements)G_IDPipe ID

New 
Diameter Comments

Length 
(ft)

Existing 
Diameter 

(in) Slope (ft/ft)Lateral

Design Peak Flows (cfs)

410 372 Interceptor 1 64 12 0.002 1.4169 1.5262 0.134 0.134 15 Surcharge less than 3' is acceptable
412 374 Interceptor 1 343 12 0.001 1.3648 1.5162 0.051 0.051 15 Surcharge less than 3' is acceptable
413 376 Trunk 8 266 8 0.002 0.5418 0.0774 0 0 0
416 378 Trunk 8 416 12 0.005 2.4513 0.0774 0 0 0
418 380 Trunk 8 223 12 0.005 2.4158 0.0888 0 0 0
420 382 Trunk 8 340 12 0.003 1.8289 0.0887 0 0 0
422 384 Trunk 8 204 12 0.005 2.6204 0.1021 0 0 0
424 386 Trunk 8 120 12 0.002 1.5966 0.1019 0 0 0
426 388 Trunk 8 370 12 0.003 2.0766 0.1128 0 0 0
428 390 Trunk 8 293 12 0.002 1.7585 0.1473 0 0 0
430 392 Trunk 8 235 12 0.002 1.5791 0.1464 0 0 0
432 394 Trunk 8 171 12 0.004 2.2867 0.1453 0 0 0
434 396 Trunk 8 232 8 0.002 0.5419 0.0431 0 0 0
437 398 Trunk 8 117 8 0.001 0.4186 0.0431 0 0 0
438 400 Trunk 8 76 12 0.041 7.2199 0.1873 0 0 0
440 404 Lateral 21 263 8 0.005 0.8385 0.5155 0 0 0
443 406 Lateral 21 253 8 0.002 0.5496 0.5401 0 0 10 No surcharge does not require immediate attention
445 408 Lateral 21 232 8 0.005 0.8222 0.5866 0 0 0
447 410 Lateral 21 309 8 0.004 0.7616 0.6243 0 0 0
449 412 Lateral 21 298 8 0.004 0.7463 0.6219 0 0 0
451 414 Lateral 21 121 8 0.005 0.8533 0.7063 0 0 0
453 416 Lateral 21 102 8 0.006 0.9682 0.9371 0 0 10 No surcharge does not require immediate attention
455 440 Interceptor 5 337 8 0.002 0.502 0 0 0 0
458 442 Interceptor 5 380 8 0.002 0.5064 0 0 0 0
460 444 Interceptor 5 220 10 0.002 0.8693 0 0 0 0
462 446 Interceptor 5 298 10 0.002 0.9039 0 0 0 0
464 448 Interceptor 5 1077 10 0.002 0.9603 0 0 0 0
466 450 Interceptor 5 182 10 0.001 0.8303 0 0 0 0
468 452 Interceptor 4 357 10 0.002 0.9149 0 0 0 0
470 454 Interceptor 4 118 10 0.002 0.9899 0 0 0 0
472 456 Interceptor 4 350 12 0.002 1.478 0 0 0 0
474 458 Interceptor 4 369 12 0.002 1.5977 0.0507 0 0 0

Notes:
[1] "Tag" field generated by Hydra 6.4 in the Existing Pipe Results Report; cross references Figures B1 and B4
[2] Unique identifier generated by Hydra
[3] Lateral in which the link is part of
[4] Length (in feet) of the link
[5] Existing diameter (in inches) of the link; for proposed improvements it is the modeled diameter
[6] Slope of the link (in ft/ft), as calculated from invert elevations
[7] Capacity of the pipe in full flow in which d/D is 1.0
[8] Peak hour design flow
[9] Surcharge in feet without improvements to Trunk 2

[10] Surcharge in feet with improvements to Trunk 2
[11] Recommended improved diameter, as generated by Hydra
[12] Comments provided by Wallis Engineering addressing the results provided by Hydra
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2026 Collection System Model Wallis Engineering

Capacity 
(cfs) 2026 Max Max Surcharge

[1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11]

1 2 Lateral 20 105 8 0.004 0.7469 0.7192 7.098 10 Additional flow monitoring recommended to determine I&I
4 4 Lateral 20 683 8 0.004 0.7978 0.7765 7.49 10 Additional flow monitoring recommended to determine I&I
6 6 Lateral 20 416 8 0.004 0.8033 0.7909 7.805 10 Additional flow monitoring recommended to determine I&I
8 8 Lateral 20 208 8 0.005 0.8183 0.7907 7.996 10 Additional flow monitoring recommended to determine I&I
10 10 Lateral 20 394 8 0.004 0.7767 0.9886 8.126 10 Additional flow monitoring recommended to determine I&I
12 12 Lateral 20 386 8 0.003 0.6258 0.9878 7.308 12 Additional flow monitoring recommended to determine I&I
14 14 Lateral 20 129 8 0.003 0.7157 0.987 6.529 10 Additional flow monitoring recommended to determine I&I
16 16 Lateral 20 128 8 0.004 0.7786 1.0044 6.143 10 Additional flow monitoring recommended to determine I&I
18 18 Lateral 20 122 8 0.004 0.79 1.0034 5.99 10 Additional flow monitoring recommended to determine I&I
20 20 Lateral 20 258 8 0.004 0.7733 1.0023 5.87 10 Additional flow monitoring recommended to determine I&I
22 22 Lateral 20 262 8 0.004 0.7481 1.2588 5.353 12 Additional flow monitoring recommended to determine I&I
24 24 Lateral 20 127 8 0.004 0.7678 1.3136 3.719 12 Additional flow monitoring recommended to determine I&I
26 26 Lateral 20 198 8 0.004 0.7888 1.3215 2.934 12 Surcharge less than 3' is acceptable
28 28 Lateral 20 93 8 0.007 0.9792 1.3186 1.624 10 Surcharge less than 3' is acceptable
30 30 Lateral 20 169 8 0.004 0.7223 1.3167 0.022 12 Surcharge less than 3' is acceptable
32 328 Lateral 20 302 18 0.003 5.28 3.5859 0 0
34 330 Lateral 20 193 18 0.002 4.7378 3.5742 0.218 0 Surcharge less than 3' is acceptable
36 332 Lateral 20 113 18 0.003 5.325 3.573 0.608 0 Surcharge less than 3' is acceptable
38 334 Lateral 20 89 18 0.004 6.4235 4.9838 0.949 0 Surcharge less than 3' is acceptable
43 284 Trunk 6 662 12 0.002 1.5978 1.3149 0.114 0 Surcharge less than 3' is acceptable
45 286 Trunk 6 140 12 0.000 0 1.3356 0.114 0 Surcharge less than 3' is acceptable
47 288 Trunk 6 130 12 0.000 0 1.3341 0 0
49 290 Trunk 6 278 12 0.003 2.0867 1.4867 0 0
51 292 Trunk 6 272 12 0.002 1.734 1.4843 0 0
53 294 Trunk 6 193 12 0.004 2.119 1.6416 0.112 0 Surcharge less than 3' is acceptable
55 296 Trunk 6 208 12 0.002 1.6792 1.8321 0.112 15 Surcharge less than 3' is acceptable
57 298 Trunk 6 399 12 0.003 1.8842 1.9025 0.084 15 Surcharge less than 3' is acceptable
59 300 Trunk 6 400 12 0.003 1.8311 1.8906 0.221 15 Surcharge less than 3' is acceptable
61 302 Trunk 6 188 12 0.003 1.859 2.0246 0.341 15 Surcharge less than 3' is acceptable
63 304 Trunk 6 93 12 0.003 1.9603 2.3112 0.245 15 Surcharge less than 3' is acceptable
65 306 Trunk 6 95 12 0.003 1.8646 2.2989 0.042 15 Surcharge less than 3' is acceptable
67 308 Trunk 6 359 15 0.003 3.5687 2.3181 0 0
69 310 Trunk 6 359 15 0.002 3.1514 2.3476 0 0
71 312 Trunk 6 356 15 0.002 2.8097 2.3254 0 0
73 314 Trunk 6 161 15 0.003 3.4204 2.2923 0 0
75 316 Trunk 6 111 15 0.003 3.5794 2.3017 0 0
77 318 Trunk 6 178 15 0.002 2.6585 2.2838 0 0
79 320 Trunk 6 163 15 0.003 3.4781 2.2657 0 0
81 322 Trunk 6 122 15 0.004 4.1005 2.3158 0 0
83 324 Trunk 6 319 15 0.002 3.0789 2.2966 0 0
85 326 Trunk 6 255 15 0.002 3.1941 2.2723 0 0
86 32 Trunk 5 234 6 0.001 0.1631 0.2766 0.78 8 Surcharge less than 3' is acceptable
89 34 Trunk 5 277 6 0.002 0.2513 0.2766 0.508 8 Surcharge less than 3' is acceptable
91 36 Trunk 5 282 6 0.002 0.2515 0.2756 0.492 8 Surcharge less than 3' is acceptable
93 38 Trunk 5 42 6 0.002 0.2442 0.4297 0.478 8 Surcharge less than 3' is acceptable
95 484 Trunk 5 361 15 0.002 2.8936 1.8855 0 0
97 486 Trunk 5 389 15 0.002 2.8971 1.8592 0 0
99 488 Trunk 5 352 15 0.002 2.8954 1.8753 0 0

101 490 Trunk 5 251 15 0.002 2.8968 1.8333 0.016 0 Surcharge less than 3' is acceptable
103 492 Trunk 5 458 15 0.002 2.8221 2.5897 0.253 18 Surcharge less than 3' is acceptable
105 494 Trunk 5 524 15 0.001 2.1912 2.5719 0.253 18 Surcharge less than 3' is acceptable
107 496 Trunk 5 175 15 0.002 2.7248 2.6884 0.153 18 Surcharge less than 3' is acceptable

Comments
Length 

(ft)
Diameter 

(in) Slope (ft/ft)LateralG_IDPipe ID

New 
Diameter 

(in)

Design Peak Flows (cfs)
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2026 Collection System Model Wallis Engineering

Capacity 
(cfs) 2026 Max Max Surcharge Comments

Length 
(ft)

Diameter 
(in) Slope (ft/ft)LateralG_IDPipe ID

New 
Diameter 

(in)

Design Peak Flows (cfs)

109 498 Trunk 5 259 15 0.002 2.8434 2.7051 0.18 18 Surcharge less than 3' is acceptable
111 500 Trunk 5 428 15 0.002 2.7109 2.6707 0.204 18 Surcharge less than 3' is acceptable
113 502 Trunk 5 170 15 0.002 2.5819 3.1544 0.304 18 Surcharge less than 3' is acceptable
115 504 Trunk 5 351 15 0.002 2.7857 3.1298 0.066 18 Surcharge less than 3' is acceptable
117 506 Trunk 5 78 15 0.004 3.8786 3.0931 0 0
119 508 Trunk 5 430 18 0.004 6.8144 3.0825 0 0
121 510 Trunk 5 427 18 0.004 6.6676 3.047 0 0
123 512 Trunk 5 150 18 0.003 6.0225 3.0112 0 0
125 514 Trunk 5 307 18 0.004 6.7691 2.9875 0 0
127 516 W.S. Relief 2 446 18 0.003 5.645 2.9749 0 0
129 518 W.S. Relief 2 366 18 0.004 6.4692 2.9663 0 0
131 520 W.S. Relief 2 418 18 0.003 5.8255 2.9532 0 0
133 522 W.S. Relief 2 263 18 0.003 5.8101 2.9357 0 0
135 524 W.S. Relief 2 468 18 0.003 5.7619 2.9189 0 0
137 526 W.S. Relief 2 91 18 0.001 3.4853 2.9157 0 0
139 528 W.S. Relief 2 554 20 0.001 5.0266 2.9292 0 0
141 530 W.S. Relief 2 344 20 0.001 4.5144 3.033 0 0
143 532 W.S. Relief 2 290 24 0.001 7.9954 3.0177 0 0
145 534 W.S. Relief 1 365 24 0.001 7.7845 3.0157 0 0
147 536 W.S. Relief 1 55 24 0.001 6.8129 3.0467 0 0
149 538 W.S. Relief 1 691 21 0.001 5.5723 3.0419 0 0
151 540 W.S. Relief 1 380 21 0.002 7.6069 3.0617 0 0
153 542 W.S. Relief 1 263 21 0.002 7.7141 3.0555 0 0
155 544 W.S. Relief 1 408 21 0.002 6.4848 3.8205 0 0
157 546 W.S. Relief 1 357 21 0.002 6.7268 3.807 0 0
159 548 W.S. Relief 1 43 21 0.026 25.4592 3.7972 0.26 0 Surcharge less than 3' is acceptable
161 550 W.S. Relief 1 512 21 0.002 6.7738 3.8987 0 0
163 552 W.S. Relief 1 207 21 0.002 7.563 3.9163 0 0
165 554 W.S. Relief 1 270 21 0.002 6.6981 3.9099 0 0
167 556 Trunk 4 621 21 0.002 7.0433 3.9 0 0
169 558 Trunk 4 252 30 0.002 18.868 11.9803 0 0
171 560 Trunk 4 435 30 0.001 14.2136 12.521 0 33 No surcharge does not require immediate attention
173 562 Trunk 4 603 30 0.001 14.2134 12.5085 0 33 No surcharge does not require immediate attention
175 564 W.S. Relief 1 585 30 0.003 21.6412 12.4779 0 0
177 566 W.S. Relief 1 304 30 0.005 28.976 12.5484 0.35 0 Surcharge less than 3' is acceptable
179 568 W.S. Relief 1 564 30 0.002 18.733 12.558 0 0
181 570 W.S. Relief 1 601 30 0.003 23.4872 12.5208 0 0
183 572 W.S. Relief 1 74 30 0.002 16.549 12.7167 0 0
185 40 Trunk 2 287 8 0.004 0.7637 0.6736 0.43 10 Surcharge less than 3' is acceptable
188 42 Trunk 2 314 8 0.004 0.7676 0.6736 0.761 10 Surcharge less than 3' is acceptable
190 44 Trunk 2 229 8 0.005 0.8699 0.7468 1.113 0 Surcharge less than 3' is acceptable
192 46 Trunk 2 345 8 0.003 0.7058 0.756 1.153 10 Surcharge less than 3' is acceptable
194 48 Lateral 6 225 8 0.005 0.858 0.3751 0 0
197 50 Lateral 6 312 8 0.017 1.5844 0.3751 0 0
199 52 Lateral 6 200 8 0.005 0.8269 0.3748 0 0
201 54 Lateral 6 312 8 0.006 0.9458 0.4038 0 0
203 56 Lateral 6 339 8 0.005 0.8193 0.4034 0 0
205 58 Lateral 6 245 8 0.004 0.8 0.4026 0 0
207 60 Lateral 6 80 8 0.005 0.8351 0.4654 0 0
209 62 Lateral 6 243 8 0.004 0.7657 0.4641 0 0
211 64 Trunk 2 418 8 0.004 0.7679 0.462 0.999 0 Surcharge less than 3' is acceptable
212 66 Trunk 2 260 10 0.004 1.3768 1.2139 1.079 12 Surcharge less than 3' is acceptable
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2026 Collection System Model Wallis Engineering

Capacity 
(cfs) 2026 Max Max Surcharge Comments

Length 
(ft)

Diameter 
(in) Slope (ft/ft)LateralG_IDPipe ID

New 
Diameter 

(in)

Design Peak Flows (cfs)

214 68 Trunk 2 364 10 0.003 1.1405 1.3074 1.119 12 Surcharge less than 3' is acceptable
216 70 Trunk 2 369 10 0.003 1.2527 1.2997 0.849 12 Surcharge less than 3' is acceptable
218 72 Trunk 2 301 10 0.004 1.4039 1.3787 0.809 12 Surcharge less than 3' is acceptable
220 74 Trunk 2 378 10 0.003 1.2576 1.3687 0.819 12 Surcharge less than 3' is acceptable
222 76 Trunk 2 252 12 0.002 1.4935 1.3983 0.516 15 Surcharge less than 3' is acceptable
224 78 Trunk 2 179 12 0.014 4.1731 1.3854 2.697 0 Surcharge less than 3' is acceptable
226 92 Trunk 2 385 12 0.003 1.8653 1.8055 2.762 15 Surcharge less than 3' is acceptable
228 94 Trunk 2 413 12 0.003 1.9005 1.7857 2.938 15 Surcharge less than 3' is acceptable
230 96 Trunk 2 227 12 0.003 1.789 1.7637 2.993 15 Surcharge less than 3' is acceptable
232 98 Trunk 2 235 12 0.003 1.8046 1.7457 3.071 15 Additional flow monitoring recommended to determine I&I
234 100 Trunk 2 242 12 0.002 1.7776 1.7264 3.145 15 Additional flow monitoring recommended to determine I&I
236 102 Trunk 2 204 12 0.002 1.5833 1.7227 3.185 15 Additional flow monitoring recommended to determine I&I
238 104 Trunk 2 36 12 0.003 1.8792 1.7705 3.231 15 Additional flow monitoring recommended to determine I&I
240 106 Trunk 2 395 12 0.002 1.6959 1.9634 3.481 15 Additional flow monitoring recommended to determine I&I
242 108 Trunk 2 278 12 0.002 1.6022 2.449 3.177 15 Additional flow monitoring recommended to determine I&I
244 110 Interceptor 2 122 12 0.001 1.0234 2.4347 2.527 18 Surcharge less than 3' is acceptable
246 112 Interceptor 2 360 12 0.002 1.7552 2.4207 2.18 15 Surcharge less than 3' is acceptable
248 114 Interceptor 2 449 12 0.002 1.6767 2.4835 1.304 15 Surcharge less than 3' is acceptable
250 116 Interceptor 2 261 15 0.001 2.5032 2.4805 0 18 No surcharge does not require immediate attention
252 118 Interceptor 2 299 15 0.002 2.5121 2.4573 0.011 18 Surcharge less than 3' is acceptable
254 120 Interceptor 2 243 15 0.001 2.4229 2.4614 0.011 18 Surcharge less than 3' is acceptable
256 122 Interceptor 2 356 15 0.001 2.4983 2.457 0 18 No surcharge does not require immediate attention
257 80 Lateral 10 409 8 0.002 0.5684 1.0281 1.517 12 Surcharge less than 3' is acceptable
260 82 Lateral 10 199 8 0.006 0.9531 0.3153 0 0
262 84 Lateral 10 257 8 0.005 0.8808 0.3153 0.998 0 Surcharge less than 3' is acceptable
264 86 Lateral 10 129 8 0.004 0.7482 0.3454 1.424 0 Surcharge less than 3' is acceptable
266 88 Lateral 10 247 8 0.003 0.6805 0.3452 2.043 0 Surcharge less than 3' is acceptable
268 90 Lateral 10 300 8 0.004 0.7636 0.3449 3.03 0
269 124 Trunk 4 422 12 0.017 4.6388 0 0 0
271 126 Lateral 7 254 8 0.004 0.7369 0.4161 0 0
274 128 Lateral 7 251 8 0.005 0.875 0.4384 0 0
276 130 Lateral 7 278 8 0.005 0.8839 0.4382 0 0
278 132 Lateral 7 76 8 0.005 0.8676 0.4495 0 0
280 134 Lateral 7 247 8 0.004 0.751 0.4707 0 0
282 136 Lateral 7 318 8 0.004 0.7542 0.5034 0 0
284 138 Lateral 7 205 8 0.006 0.9119 0.5025 0 0
286 140 Lateral 7 273 8 0.004 0.7894 0.5016 0 0
288 142 Lateral 7 224 8 0.003 0.6371 0.5179 0 0
290 144 Lateral 7 339 8 0.003 0.7114 0.516 0 0
292 146 Lateral 7 260 8 0.003 0.6246 0.5255 0 0
294 148 Lateral 7 245 8 0.003 0.662 0.5225 0 0
296 150 Lateral 7 123 8 0.003 0.6993 0.5191 0 0
298 152 Lateral 7 248 8 0.003 0.6617 0.5166 0.003 0 Surcharge less than 3' is acceptable
300 166 Trunk 3 490 10 0.002 1.0122 1.062 0.043 12 Surcharge less than 3' is acceptable
302 168 Trunk 3 205 12 0.002 1.6567 1.3637 0 0
304 170 Trunk 3 356 12 0.002 1.5953 1.3932 0 15 No surcharge does not require immediate attention
306 172 Trunk 3 197 12 0.003 1.8713 1.3816 0 0
308 174 Trunk 3 157 12 0.002 1.6123 1.3814 0 0
310 176 Trunk 3 462 12 0.002 1.5495 1.3749 0 15 No surcharge does not require immediate attention
312 583 Interceptor 3 204 12 0.003 1.87 1.3421 0 0
314 585 Interceptor 3 78 12 0.008 3.2639 1.3357 0.118 0 Surcharge less than 3' is acceptable
316 587 Interceptor 3 359 12 0.001 1.2933 1.3328 0.118 15 Surcharge less than 3' is acceptable
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2026 Collection System Model Wallis Engineering

Capacity 
(cfs) 2026 Max Max Surcharge Comments

Length 
(ft)

Diameter 
(in) Slope (ft/ft)LateralG_IDPipe ID

New 
Diameter 

(in)

Design Peak Flows (cfs)

318 589 Interceptor 3 385 12 0.002 1.618 1.4199 0.06 15 Surcharge less than 3' is acceptable
320 591 Interceptor 3 399 12 0.002 1.599 1.4039 0.263 15 Surcharge less than 3' is acceptable
322 593 Interceptor 3 387 12 0.002 1.6235 1.3867 0.499 0 Surcharge less than 3' is acceptable
324 595 Interceptor 3 224 12 0.002 1.637 1.7872 0.519 15 Surcharge less than 3' is acceptable
326 597 Interceptor 3 172 12 0.002 1.5651 1.7724 0.428 15 Surcharge less than 3' is acceptable
328 599 Interceptor 3 182 12 0.000 0.7937 1.7626 0.027 18 Surcharge less than 3' is acceptable
330 601 Interceptor 1 320 48 0.020 203.4608 4.9656 0 0
332 154 Lateral 5 345 8 0.009 1.1244 0.4476 0 0
335 156 Lateral 5 251 8 0.005 0.8444 0.4476 0 0
337 158 Lateral 5 300 8 0.005 0.8593 0.4826 0 0
339 160 Lateral 5 148 8 0.003 0.6609 0.4817 0 0
341 162 Lateral 5 119 8 0.003 0.6393 0.4813 0 0
343 164 Lateral 5 430 8 0.003 0.6346 0.5505 0.153 0 Surcharge less than 3' is acceptable
344 178 Trunk 1 169 8 0.002 0.542 0.3611 0 0
347 180 Trunk 1 358 8 0.002 0.5395 0.415 0 0
349 182 Trunk 1 91 8 0.027 1.9838 0.4149 0 0
351 184 Trunk 1 295 8 0.005 0.876 0.4148 0 0
353 186 Trunk 1 256 8 0.005 0.8903 0.4147 0 0
355 188 Trunk 1 136 8 0.005 0.8889 0.4144 0 0
357 190 Trunk 1 251 8 0.007 0.9816 0.5181 0 0
359 192 Trunk 1 407 8 0.005 0.8646 0.5173 0 0
361 194 Trunk 1 331 8 0.004 0.7875 0.5315 0 0
363 196 Trunk 1 362 8 0.005 0.8937 0.5369 0 0
365 198 Trunk 1 131 8 0.006 0.9172 0.5345 0 0
367 200 Trunk 1 249 10 0.004 1.3997 0.5502 0 0
369 202 Trunk 1 22 10 0.004 1.4203 0.5588 0 0
371 204 Trunk 1 254 10 0.004 1.3933 0.5578 0 0
373 216 Trunk 1 28 10 0.002 1.0199 0.7988 0 0
375 218 Trunk 1 216 12 0.004 2.1593 0.7972 0 0
377 220 Trunk 1 278 12 0.003 2.0782 0.8047 0 0
379 222 Trunk 1 154 12 0.004 2.3718 0.8148 0 0
381 224 Trunk 1 311 12 0.003 2.0568 0.8193 0 0
382 206 Lateral1 109 8 0.008 1.0525 0.2342 0 0
385 208 Lateral1 125 8 0.006 0.9588 0.2342 0 0
387 210 Lateral1 262 8 0.007 1.0245 0.2341 0 0
389 212 Lateral1 289 8 0.005 0.8522 0.2334 0 0
391 214 Lateral1 331 8 0.009 1.1532 0.2327 0 0
392 226 Interceptor 1 151 12 0.004 2.1748 1.3421 0 0
394 228 Interceptor 1 178 12 0.002 1.5845 1.3357 0 0
396 230 Interceptor 1 260 12 0.002 1.5824 1.3642 0 0
398 232 Interceptor 1 426 12 0.002 1.6058 1.3859 0 0
400 234 Interceptor 1 448 12 0.002 1.5657 1.3706 0 15 No surcharge does not require immediate attention
402 236 Interceptor 1 264 12 0.002 1.5247 1.4568 0.011 15 Surcharge less than 3' is acceptable
404 238 Interceptor 1 162 12 0.002 1.4849 1.4434 0.047 15 Surcharge less than 3' is acceptable
406 240 Interceptor 1 68 12 0.001 1.2245 1.4345 0.057 15 Surcharge less than 3' is acceptable
408 242 Interceptor 1 132 12 0.002 1.5856 1.4258 0.076 15 Surcharge less than 3' is acceptable
410 244 Interceptor 1 64 12 0.002 1.4169 1.417 0.076 15 Surcharge less than 3' is acceptable
412 246 Interceptor 1 343 12 0.001 1.3648 1.4644 0.018 15 Surcharge less than 3' is acceptable
413 248 Trunk 8 266 8 0.002 0.5418 0.1648 0 0
416 250 Trunk 8 416 12 0.005 2.4513 0.1802 0 0
418 252 Trunk 8 223 12 0.005 2.4158 0.201 0 0
420 254 Trunk 8 340 12 0.003 1.8289 0.201 0 0

City of Battle Ground
General Sewer Plan

Appendix B
June 30, 2007



2026 Collection System Model Wallis Engineering

Capacity 
(cfs) 2026 Max Max Surcharge Comments

Length 
(ft)

Diameter 
(in) Slope (ft/ft)LateralG_IDPipe ID

New 
Diameter 

(in)

Design Peak Flows (cfs)

422 256 Trunk 8 204 12 0.005 2.6204 0.3975 0 0
424 258 Trunk 8 120 12 0.002 1.5966 0.4598 0 0
426 260 Trunk 8 370 12 0.003 2.0766 0.4593 0 0
428 348 Trunk 8 293 12 0.002 1.7585 0.9192 0 0
430 350 Trunk 8 235 12 0.002 1.5791 0.9044 0 0
432 352 Trunk 8 171 12 0.004 2.2867 0.8896 0 0
434 262 Trunk 8 232 8 0.002 0.5419 0.1425 0 0
437 264 Trunk 8 117 8 0.001 0.4186 0.1425 0 0
440 266 Lateral21 263 8 0.005 0.8385 0.6895 0.552 0 Surcharge less than 3' is acceptable
443 268 Lateral21 253 8 0.002 0.5496 0.719 0.772 10 Surcharge less than 3' is acceptable
445 270 Lateral21 232 8 0.005 0.8222 0.7449 0.712 10 Surcharge less than 3' is acceptable
447 272 Lateral21 309 8 0.004 0.7616 0.854 0.912 10 Surcharge less than 3' is acceptable
449 274 Lateral21 298 8 0.004 0.7463 0.9737 0.649 10 Surcharge less than 3' is acceptable
451 276 Lateral21 121 8 0.036 2.3107 0.973 0.68 0 Surcharge less than 3' is acceptable
455 430 Interceptor 5 337 8 0.002 0.502 0.6154 0.513 10 Surcharge less than 3' is acceptable
458 432 Interceptor 5 380 8 0.002 0.5064 0.6151 0.17 10 Surcharge less than 3' is acceptable
460 434 Interceptor 5 220 10 0.002 0.8693 0.6133 0 0
462 436 Interceptor 5 298 10 0.002 0.9039 0.6863 0 0
464 438 Interceptor 5 1077 10 0.002 0.9603 0.6793 0.1 0
466 440 Interceptor 5 182 10 0.001 0.8303 0.667 0.292 0 Surcharge less than 3' is acceptable
468 442 Interceptor 4 357 10 0.002 0.9149 0.6636 0.686 0 Surcharge less than 3' is acceptable
470 444 Interceptor 4 118 10 0.002 0.9899 0.6559 0.91 0 Surcharge less than 3' is acceptable
472 446 Interceptor 4 350 12 0.002 1.478 1.9835 0.745 15 Surcharge less than 3' is acceptable
474 448 Interceptor 4 369 12 0.002 1.5977 1.9518 0.177 15 Surcharge less than 3' is acceptable
476 342 S12-2 1533 8 0.002 0.5421 0.3858 0 0
479 344 S12-1 1253 12 0.002 1.5975 0.4655 0 0
481 346 S12-1 675 12 0.002 1.5968 0.4607 0 0
482 372 S31-1 489 8 0.002 0.542 0.3443 0.388 0 Modeled at 8", plan recommends 10-inch
485 374 S31-1 541 8 0.002 0.5414 0.344 1.173 0 Modeled at 8", plan recommends 10-inch
486 376 S31-2 704 8 0.002 0.5412 0.1051 0.973 0 Surcharge less than 3' is acceptable
488 378 S5-4 2050 8 0.002 0.5418 0.7303 2.572 10 Surcharge less than 3' is acceptable
490 380 S5-6 1321 10 0.002 0.9823 0.702 0 0
493 482 S5-2 1336 15 0.002 2.8968 1.491 0 0
494 382 S13-3 1302 10 0.002 0.9823 0.8116 0 0
497 384 S13-3 1880 12 0.002 1.598 1.1277 0.06 0 Modeled at 12", plan recommends 15-inch
499 390 S13-2 2660 15 0.002 2.8962 2.6962 0 18
501 392 S13-1 2644 15 0.002 2.8962 2.7164 0 18
503 386 S13-5 2637 8 0.002 0.5418 0.4617 0 0
506 388 S13-5 2696 10 0.002 0.9824 0.7536 0.227 0 Modeled at 10-inch, plan recommends 15-inch
507 354 S11-2 571 12 0.002 1.5977 1.0215 0 0
509 356 S11-2 710 12 0.002 1.5974 1.0781 0 0
511 358 S11-1 1260 15 0.002 2.8968 1.6381 0 0
513 360 S11-1 354 15 0.002 2.8951 1.7409 0 0
515 362 S11-1 345 15 0.002 2.8956 1.7095 0 0
517 364 S11-1 987 15 0.002 2.8965 1.6859 0 0
519 366 S11-1 196 15 0.002 2.8973 1.6776 0 0
521 368 S11-1 844 15 0.002 2.8952 1.6623 0 0
523 370 S11-1 721 15 0.002 2.8957 1.652 0 0
525 396 S10-6 2662 8 0.002 0.5418 0.8796 2.333 12 Modeled at 8", plan recommends 15-inch
528 464 S10-1 2699 18 0.002 4.7099 2.4774 0 0
529 456 S10-5 1308 12 0.002 1.5974 0.9396 0 0
531 458 S10-4 1326 12 0.002 1.5973 1.1928 0 0
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2026 Collection System Model Wallis Engineering

Capacity 
(cfs) 2026 Max Max Surcharge Comments

Length 
(ft)

Diameter 
(in) Slope (ft/ft)LateralG_IDPipe ID

New 
Diameter 

(in)

Design Peak Flows (cfs)

533 460 S10-3 1332 15 0.002 2.8966 1.1921 0 0
535 462 S10-2 2639 15 0.002 2.8965 1.5981 0 0
536 278 S21-2 873 15 0.001 2.3464 1.2628 0.91 0
538 280 S21-1 1322 12 0.002 1.5973 1.4176 1.72 15 Modeled at 12", plan recommends 15-inch
540 282 S21-1 353 12 0.002 1.5957 1.4501 1.318 15 Modeled at 12", plan recommends 15-inch
541 336 S6-1 327 18 0.002 4.7066 4.9684 0.949 21 Modeled at 18", plan recommends 24-inch
543 338 S6-1 318 18 0.002 4.7054 5.0966 0.874 21 Modeled at 18", plan recommends 24-inch
545 340 S6-1 2647 18 0.002 4.7097 5.0364 0.764 21 Modeled at 18", plan recommends 24-inch
546 398 S14-3 2782 10 0.002 0.9824 0.7513 0 0
549 400 S14-2 1923 10 0.002 0.9823 0.9134 0.327 12 Modeled at 10", plan recommends 18-inch
551 402 S14-1 531 18 0.002 4.7091 3.8621 0 0
555 414 S16-4 2827 8 0.002 0.5418 0.4953 0 10 Modeled at 8", plan recommends 12-inch
560 416 S16-7 2653 10 0.002 0.9824 0.3822 0 0
563 576 S16-2 2053 10 0.002 0.9823 0.4745 0 0
565 578 S16-1 1238 15 0.002 2.8961 1.3667 0 0
567 580 S16-1 513 15 0.002 2.8953 2.4109 0 0
569 582 S16-1 1228 15 0.002 2.8965 2.4238 0 0
570 418 S16-6 1938 10 0.002 0.9825 0.7189 0 0
573 420 S16-5 2181 10 0.002 0.9824 0.8124 0 0
576 422 S4-2 3050 12 0.002 1.5974 1.0134 0 0
579 424 S4-1 717 12 0.002 1.5979 1.265 0 0
581 426 S4-1 2220 12 0.002 1.5976 1.3716 0.744 0 Modeled at 12", plan recommends 21-inch oversizing 
582 428 S5-1 1301 8 0.002 0.5418 0.5586 0.679 10 Modeled at 8", plan recommends 10-inch
584 450 S21-2 2041 8 0.020 1.6964 0.194 0 0
587 452 S21-1 1699 8 0.024 1.8592 0.7734 0 0
591 468 S20-2 1820 8 0.002 0.5419 0.0892 0 0
594 470 S20-1 783 8 0.002 0.5418 0.1079 0 0
598 474 S5-3 238 8 0.002 0.5412 0.4584 1.946 0 Modeled at 8", plan recommends 15-inch
600 476 S5-3 187 8 0.002 0.5419 0.6816 1.946 10 Modeled at 8", plan recommends 15-inch
602 478 S5-3 995 8 0.002 0.5418 0.6696 1.694 10 Modeled at 8", plan recommends 15-inch
604 480 S5-3 498 8 0.002 0.5419 0.6903 0.533 10 Modeled at 8", plan recommends 15-inch
605 574 S16-3 2412 8 0.002 0.5483 0.0439 0 0
607 404 S15-2 596 8 0.002 0.5415 0.1533 0 0
609 406 S15-2 1557 8 0.002 0.5418 0.2785 0 0
611 408 S15-1 1626 8 0.002 0.5419 0.3451 0 0
613 410 S15-1 1751 8 0.002 0.5418 0.3824 0 0

Notes:
[1] "Tag" field generated by Hydra 6.4 in the Existing Pipe Results Report; cross references Figures B1 and B4
[2] Unique identifier generated by Hydra
[3] Lateral in which the link is part of
[4] Length (in feet) of the link
[5] Existing diameter (in inches) of the link; for proposed improvements it is the modeled diameter
[6] Slope of the link (in ft/ft), as calculated from invert elevations
[7] Capacity of the pipe in full flow in which d/D is 1.0
[8] Maximum peak hour design flow; compared to flows with routing of PS7 to Trunk 10 and Trunk 6
[9] Maximum surcharge in feet; compared to flows with routing of PS7 to Trunk 10 and Trunk 6
[10] Recommended improved diameter, as generated by Hydra
[11] Comments provided by Wallis Engineering addressing the results provided by Hydra
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Buildout Collection System Model Wallis Engineering

Capacity 
(cfs) BuildOut Surcharge

[1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11]
1 2 Lateral 20 105 8 0.004 0.7469 0.7739 9.641 10
4 4 Lateral 20 683 8 0.004 0.7978 0.8642 9.851 10
6 6 Lateral 20 416 8 0.004 0.8033 0.8867 9.727 10
8 8 Lateral 20 208 8 0.005 0.8183 0.8865 9.38 10

10 10 Lateral 20 394 8 0.004 0.7767 1.1979 11.236 10
12 12 Lateral 20 386 8 0.003 0.6258 1.1965 12.062 12
14 14 Lateral 20 129 8 0.003 0.7157 1.1952 10.068 12
16 16 Lateral 20 128 8 0.004 0.7786 1.2227 10.019 10
18 18 Lateral 20 122 8 0.004 0.79 1.2212 9.951 10
20 20 Lateral 20 258 8 0.004 0.7733 1.2195 10.636 12
22 22 Lateral 20 262 8 0.004 0.7481 1.623 12.18 12
24 24 Lateral 20 127 8 0.004 0.7678 1.7092 8.667 12
26 26 Lateral 20 198 8 0.004 0.7888 1.723 6.847 12
28 28 Lateral 20 93 8 0.007 0.9792 1.7188 3.884 12
30 30 Lateral 20 169 8 0.004 0.7223 1.7158 2.883 12
32 328 Lateral 20 302 18 0.003 5.28 4.4298 0 0
34 330 Lateral 20 193 18 0.002 4.7378 4.4261 0 21
36 332 Lateral 20 113 18 0.003 5.325 4.4334 0 0
38 334 Lateral 20 89 24 0.004 13.8338 6.4422 0 0
43 284 Trunk 6 662 12 0.002 1.5978 1.7772 7.737 15
45 286 Trunk 6 140 12 0.000 0 1.8065 7.422 0
47 288 Trunk 6 130 12 0.000 0 1.8044 7.044 0
49 290 Trunk 6 278 12 0.003 2.0867 2.0203 6.756 15
51 292 Trunk 6 272 12 0.002 1.734 2.0169 6.886 15
53 294 Trunk 6 193 12 0.004 2.119 2.3314 6.869 15
55 296 Trunk 6 208 12 0.002 1.6792 2.5552 6.725 15
57 298 Trunk 6 399 12 0.003 1.8842 2.6983 6.179 15
59 300 Trunk 6 400 12 0.003 1.8311 2.6856 5.171 15
61 302 Trunk 6 188 12 0.003 1.859 2.6697 4.15 15
63 304 Trunk 6 93 12 0.003 1.9603 2.6569 3.607 15
65 306 Trunk 6 95 12 0.003 1.8646 2.7003 3.372 15
67 308 Trunk 6 359 12 0.003 1.9683 2.6934 3.246 15
69 310 Trunk 6 359 12 0.002 1.7381 2.7503 2.433 18
71 312 Trunk 6 356 12 0.002 1.5496 2.7249 1.673 18
73 314 Trunk 6 161 12 0.003 1.8865 2.6953 0.171 15
75 316 Trunk 6 111 15 0.003 3.5794 2.7169 0 0
77 318 Trunk 6 178 15 0.002 2.6585 2.6956 0.009 18
79 320 Trunk 6 163 15 0.003 3.4781 2.6739 0 0
81 322 Trunk 6 122 15 0.004 4.1005 2.7596 0 0
83 324 Trunk 6 319 15 0.002 3.0789 2.7371 0 18
85 326 Trunk 6 255 15 0.002 3.1941 2.7112 0 0
86 32 Trunk 5 234 6 0.001 0.1631 0.4195 10.608 10 Surcharge due to existing system capacity deficiencies
89 34 Trunk 5 277 6 0.002 0.2513 0.4195 10.475 8 Development Proposes 6", Install to 8"
91 36 Trunk 5 282 6 0.002 0.2515 0.4188 9.911 8 Development Proposes 6", Install to 8"
93 38 Trunk 5 42 6 0.002 0.2442 0.6512 9.021 10 Surcharge due to existing system capacity deficiencies
95 484 Trunk 5 361 15 0.002 2.8936 3.4863 7.812 18 Surcharge due to existing system capacity deficiencies
97 486 Trunk 5 389 15 0.002 2.8971 3.4569 7.578 18 Surcharge due to existing system capacity deficiencies
99 488 Trunk 5 352 15 0.002 2.8954 3.4998 7.343 18 Surcharge due to existing system capacity deficiencies
101 490 Trunk 5 251 15 0.002 2.8968 3.4605 7.115 18 Surcharge due to existing system capacity deficiencies
103 492 Trunk 5 458 15 0.002 2.8221 4.2887 6.999 21
105 494 Trunk 5 524 15 0.001 2.1912 4.2448 5.859 21
107 496 Trunk 5 175 15 0.002 2.7248 4.3827 4.305 21

G_IDPipe ID
New 

Diameter Comments
Length 

(ft)

Existing 
Diameter 

(in) Slope (ft/ft)Lateral

Design Peak Flows (cfs)
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Buildout Collection System Model Wallis Engineering

Capacity 
(cfs) BuildOut SurchargeG_IDPipe ID

New 
Diameter Comments

Length 
(ft)

Existing 
Diameter 

(in) Slope (ft/ft)Lateral

Design Peak Flows (cfs)

109 498 Trunk 5 259 15 0.002 2.8434 4.3907 3.793 21
111 500 Trunk 5 428 15 0.002 2.7109 4.3576 3.099 21
113 502 Trunk 5 170 15 0.002 2.5819 4.8414 2.01 21
115 504 Trunk 5 351 15 0.002 2.7857 4.8057 1.33 21
117 506 Trunk 5 78 15 0.004 3.8786 4.7707 0.032 18
119 508 Trunk 5 430 18 0.004 6.8144 4.7555 0 0
121 510 Trunk 5 427 18 0.004 6.6676 4.7042 0 0
123 512 Trunk 5 150 18 0.003 6.0225 4.6524 0 0
125 514 Trunk 5 307 18 0.004 6.7691 4.6181 0 0
127 516 W.S. Relief 2 446 18 0.003 5.645 4.5994 0 0
129 518 W.S. Relief 2 366 18 0.004 6.4692 4.5934 0 0
131 520 W.S. Relief 2 418 18 0.003 5.8255 4.5792 0 0
133 522 W.S. Relief 2 263 18 0.003 5.8101 4.5586 0 0
135 524 W.S. Relief 2 468 18 0.003 5.7619 4.5415 0 0
137 526 W.S. Relief 2 91 18 0.001 3.4853 4.5118 0.004 21
139 528 W.S. Relief 2 554 20 0.001 5.0266 4.5126 0 21
141 530 W.S. Relief 2 344 20 0.001 4.5144 4.6876 0.019 24
143 532 W.S. Relief 2 290 24 0.001 7.9954 4.6723 0 0
145 534 W.S. Relief 1 365 24 0.001 7.7845 4.6562 0 0
147 536 W.S. Relief 1 55 24 0.001 6.8129 4.6648 0 0
149 538 W.S. Relief 1 691 21 0.001 5.5723 4.6581 0 0
151 540 W.S. Relief 1 380 21 0.002 7.6069 4.6852 0 0
153 542 W.S. Relief 1 263 21 0.002 7.7141 4.6772 0 0
155 544 W.S. Relief 1 408 21 0.002 6.4848 5.5931 0 0
157 546 W.S. Relief 1 357 21 0.002 6.7268 5.5816 0 0
159 548 W.S. Relief 1 43 21 0.026 25.4592 5.5703 0.918 0
161 550 W.S. Relief 1 512 21 0.002 6.7738 5.7476 0.248 0
163 552 W.S. Relief 1 207 21 0.002 7.563 5.7713 0.644 0
165 554 W.S. Relief 1 270 21 0.002 6.6981 5.764 0.869 0
167 556 Trunk 4 621 21 0.002 7.0433 5.7526 1.474 0
169 558 Trunk 4 252 30 0.002 18.868 17.9302 0.876 33
171 560 Trunk 4 435 30 0.001 14.2136 18.5694 0.876 36
173 562 Trunk 4 603 30 0.001 14.2134 18.5572 0.121 36
175 564 W.S. Relief 1 585 30 0.003 21.6412 18.5563 0.203 0
177 566 W.S. Relief 1 304 30 0.005 28.976 18.7585 1.18 0
179 568 W.S. Relief 1 564 30 0.002 18.733 18.8127 0.01 33
181 570 W.S. Relief 1 601 30 0.003 23.4872 18.7942 0 0
183 572 W.S. Relief 1 74 30 0.002 16.549 19.2248 0.006 36
185 40 Trunk 2 287 8 0.004 0.7637 0.6734 4.535 10
188 42 Trunk 2 314 8 0.004 0.7676 0.6734 4.866 10
190 44 Trunk 2 229 8 0.005 0.8699 0.7465 5.219 0
192 46 Trunk 2 345 8 0.003 0.7058 0.7557 5.259 10
194 48 Lateral 6 225 8 0.005 0.858 0.4461 0 0
197 50 Lateral 6 312 8 0.017 1.5844 0.4461 0 0
199 52 Lateral 6 200 8 0.005 0.8269 0.4457 0 0
201 54 Lateral 6 312 8 0.006 0.9458 0.4866 0.899 0
203 56 Lateral 6 339 8 0.005 0.8193 0.486 2.023 0
205 58 Lateral 6 245 8 0.004 0.8 0.4849 2.799 0
207 60 Lateral 6 80 8 0.005 0.8351 0.5734 3.83 0
209 62 Lateral 6 243 8 0.004 0.7657 0.5716 4.309 0
211 64 Trunk 2 418 8 0.004 0.7679 0.5686 5.106 0
212 66 Trunk 2 260 10 0.004 1.3768 1.3188 5.043 12
214 68 Trunk 2 364 10 0.003 1.1405 1.4109 5.083 12
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Buildout Collection System Model Wallis Engineering

Capacity 
(cfs) BuildOut SurchargeG_IDPipe ID

New 
Diameter Comments

Length 
(ft)

Existing 
Diameter 

(in) Slope (ft/ft)Lateral

Design Peak Flows (cfs)

216 70 Trunk 2 369 10 0.003 1.2527 1.4037 4.601 12
218 72 Trunk 2 301 10 0.004 1.4039 1.4839 4.303 12
220 74 Trunk 2 378 10 0.003 1.2576 1.4737 4.167 12
222 76 Trunk 2 252 12 0.002 1.4935 1.5068 3.576 15
224 78 Trunk 2 179 12 0.014 4.1731 1.4936 5.705 0
226 92 Trunk 2 385 12 0.003 1.8653 1.9235 5.705 15
228 94 Trunk 2 413 12 0.003 1.9005 1.9029 5.677 15
230 96 Trunk 2 227 12 0.003 1.789 1.8792 5.713 15
232 98 Trunk 2 235 12 0.003 1.8046 1.8597 5.694 15
234 100 Trunk 2 242 12 0.002 1.7776 1.8388 5.696 15
236 102 Trunk 2 204 12 0.002 1.5833 1.8288 5.694 15
238 104 Trunk 2 36 12 0.003 1.8792 1.8889 5.665 15
240 106 Trunk 2 395 12 0.002 1.6959 2.1945 5.914 15
242 108 Trunk 2 278 12 0.002 1.6022 2.7435 5.313 18
244 110 Interceptor 2 122 12 0.001 1.0234 2.7281 4.329 21
246 112 Interceptor 2 360 12 0.002 1.7552 2.7129 3.838 15
248 114 Interceptor 2 449 12 0.002 1.6767 2.822 2.537 18
250 116 Interceptor 2 261 15 0.001 2.5032 2.8279 0.47 18
252 118 Interceptor 2 299 15 0.002 2.5121 2.8022 0.362 18
254 120 Interceptor 2 243 15 0.001 2.4229 2.818 0.252 18
256 122 Interceptor 2 356 15 0.001 2.4983 2.7903 0.06 18
257 80 Lateral 10 409 8 0.002 0.5684 1.2847 2.208 12
260 82 Lateral 10 199 8 0.006 0.9531 0.3254 2.825 0
262 84 Lateral 10 257 8 0.005 0.8808 0.3254 4.039 0
264 86 Lateral 10 129 8 0.004 0.7482 0.3556 4.459 0
266 88 Lateral 10 247 8 0.003 0.6805 0.3554 5.066 0
268 90 Lateral 10 300 8 0.004 0.7636 0.355 6.038 0
269 124 Trunk 4 422 12 0.017 4.6388 0 0 0
271 126 Lateral 7 254 8 0.004 0.7369 0.616 8.096 0
274 128 Lateral 7 251 8 0.005 0.875 0.6787 8.617 0
276 130 Lateral 7 278 8 0.005 0.8839 0.6782 9.205 0
278 132 Lateral 7 76 8 0.005 0.8676 0.7098 9.333 0
280 134 Lateral 7 247 8 0.004 0.751 0.7698 9.378 10
282 136 Lateral 7 318 8 0.004 0.7542 0.8617 9.483 10
284 138 Lateral 7 205 8 0.006 0.9119 0.8596 9.333 10
286 140 Lateral 7 273 8 0.004 0.7894 0.8574 9.495 10
288 142 Lateral 7 224 8 0.003 0.6371 0.9037 9.962 10
290 144 Lateral 7 339 8 0.003 0.7114 0.9003 10.039 10
292 146 Lateral 7 260 8 0.003 0.6246 0.9298 10.174 10
294 148 Lateral 7 245 8 0.003 0.662 0.9229 10.024 10
296 150 Lateral 7 123 8 0.003 0.6993 0.9149 9.626 10
298 152 Lateral 7 248 8 0.003 0.6617 0.909 9.757 10
300 166 Trunk 3 490 10 0.002 1.0122 1.7106 9.203 15
302 168 Trunk 3 205 12 0.002 1.6567 2.1012 7.173 15
304 170 Trunk 3 356 12 0.002 1.5953 2.165 6.974 15
306 172 Trunk 3 197 12 0.003 1.8713 2.1467 6.515 15
308 174 Trunk 3 157 12 0.002 1.6123 2.1461 6.344 15
310 176 Trunk 3 462 12 0.002 1.5495 2.1327 6.096 15
312 583 Interceptor 3 204 12 0.003 1.87 2.2149 6.226 15
314 585 Interceptor 3 78 12 0.008 3.2639 2.2011 6.354 0
316 587 Interceptor 3 359 12 0.001 1.2933 2.1947 6.354 18
318 589 Interceptor 3 385 12 0.002 1.618 2.3354 5.26 15
320 591 Interceptor 3 399 12 0.002 1.599 2.3112 4.422 15
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Buildout Collection System Model Wallis Engineering

Capacity 
(cfs) BuildOut SurchargeG_IDPipe ID

New 
Diameter Comments

Length 
(ft)

Existing 
Diameter 

(in) Slope (ft/ft)Lateral

Design Peak Flows (cfs)

322 593 Interceptor 3 387 12 0.002 1.6235 2.2846 3.569 15
324 595 Interceptor 3 224 12 0.002 1.637 2.8806 2.804 18
326 597 Interceptor 3 172 12 0.002 1.5651 2.8604 1.817 18
328 599 Interceptor 3 182 12 0.000 0.7937 2.8404 0.062 21
330 601 Interceptor 1 320 48 0.020 203.4608 8.727 0 0
332 154 Lateral 5 345 8 0.009 1.1244 0.6103 7.823 0
335 156 Lateral 5 251 8 0.005 0.8444 0.6103 8.507 0
337 158 Lateral 5 300 8 0.005 0.8593 0.6793 9.176 0
339 160 Lateral 5 148 8 0.003 0.6609 0.6775 9.296 10
341 162 Lateral 5 119 8 0.003 0.6393 0.6768 9.374 10
343 164 Lateral 5 430 8 0.003 0.6346 0.8134 10.01 10
344 178 Trunk 1 169 8 0.002 0.542 0.5044 0.258 10
347 180 Trunk 1 358 8 0.002 0.5395 0.6614 0.311 10
349 182 Trunk 1 91 8 0.027 1.9838 0.6612 1.159 0
351 184 Trunk 1 295 8 0.005 0.876 0.6609 2.222 0
353 186 Trunk 1 256 8 0.005 0.8903 0.6604 3.041 0
355 188 Trunk 1 136 8 0.005 0.8889 0.6597 3.369 0
357 190 Trunk 1 251 8 0.007 0.9816 0.9616 3.433 10
359 192 Trunk 1 407 8 0.005 0.8646 0.9598 3.433 10
361 194 Trunk 1 331 8 0.004 0.7875 1.002 3.049 10
363 196 Trunk 1 362 8 0.005 0.8937 1.0195 2.28 10
365 198 Trunk 1 131 8 0.006 0.9172 1.0153 1.883 10
367 200 Trunk 1 249 10 0.004 1.3997 1.0622 2.384 0
369 202 Trunk 1 22 10 0.004 1.4203 1.0901 2.621 0
371 204 Trunk 1 254 10 0.004 1.3933 1.0878 3.219 0
373 216 Trunk 1 28 10 0.002 1.0199 1.6893 3.559 15
375 218 Trunk 1 216 12 0.004 2.1593 1.6855 3.796 0
377 220 Trunk 1 278 12 0.003 2.0782 1.7144 4.295 0
379 222 Trunk 1 154 12 0.004 2.3718 1.7484 4.805 0
381 224 Trunk 1 311 12 0.003 2.0568 1.7646 5.077 0
382 206 Lateral1 109 8 0.008 1.0525 0.577 0 0
385 208 Lateral1 125 8 0.006 0.9588 0.577 0 0
387 210 Lateral1 262 8 0.007 1.0245 0.5766 0 0
389 212 Lateral1 289 8 0.005 0.8522 0.5749 0 0
391 214 Lateral1 331 8 0.009 1.1532 0.5739 0.896 0
392 226 Interceptor 1 151 12 0.004 2.1748 2.2149 5.467 15
394 228 Interceptor 1 178 12 0.002 1.5845 2.2011 5.375 15
396 230 Interceptor 1 260 12 0.002 1.5824 2.2414 5.059 15
398 232 Interceptor 1 426 12 0.002 1.6058 2.2679 4.545 15
400 234 Interceptor 1 448 12 0.002 1.5657 2.2421 3.688 15
402 236 Interceptor 1 264 12 0.002 1.5247 2.3725 2.783 15
404 238 Interceptor 1 162 12 0.002 1.4849 2.3534 2.119 18
406 240 Interceptor 1 68 12 0.001 1.2245 2.334 1.706 18
408 242 Interceptor 1 132 12 0.002 1.5856 2.3254 1.495 15
410 244 Interceptor 1 64 12 0.002 1.4169 2.3066 1.195 18
412 246 Interceptor 1 343 12 0.001 1.3648 2.386 0.273 18
413 248 Trunk 8 266 8 0.002 0.5418 0.2011 0 0
416 250 Trunk 8 416 12 0.005 2.4513 0.2257 0 0
418 252 Trunk 8 223 12 0.005 2.4158 0.2589 0 0
420 254 Trunk 8 340 12 0.003 1.8289 0.2589 0 0
422 256 Trunk 8 204 12 0.005 2.6204 0.4853 0 0
424 258 Trunk 8 120 12 0.002 1.5966 0.5877 0 0
426 260 Trunk 8 370 12 0.003 2.0766 0.587 0 0
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Buildout Collection System Model Wallis Engineering

Capacity 
(cfs) BuildOut SurchargeG_IDPipe ID

New 
Diameter Comments

Length 
(ft)

Existing 
Diameter 

(in) Slope (ft/ft)Lateral

Design Peak Flows (cfs)

428 348 Trunk 8 293 12 0.002 1.7585 1.7494 0 15
430 350 Trunk 8 235 12 0.002 1.5791 1.723 0.088 15
432 352 Trunk 8 171 12 0.004 2.2867 1.6951 0 0
434 262 Trunk 8 232 8 0.002 0.5419 0.3302 0 0
437 264 Trunk 8 117 8 0.001 0.4186 0.3302 0 0
440 266 Lateral21 263 8 0.005 0.8385 0.8395 3.998 10
443 268 Lateral21 253 8 0.002 0.5496 0.8865 4.213 12
445 270 Lateral21 232 8 0.005 0.8222 0.9279 3.499 10
447 272 Lateral21 309 8 0.004 0.7616 1.1022 3.404 10
449 274 Lateral21 298 8 0.004 0.7463 1.2931 0.242 12
451 276 Lateral21 121 8 0.036 2.3107 1.2921 0.253 0
455 430 Interceptor 5 337 8 0.002 0.502 1.001 5.006 12
458 432 Interceptor 5 380 8 0.002 0.5064 1.0004 3.379 12
460 434 Interceptor 5 220 10 0.002 0.8693 0.9985 1.378 12
462 436 Interceptor 5 298 10 0.002 0.9039 1.1331 1.362 12
464 438 Interceptor 5 1077 10 0.002 0.9603 1.1261 0.602 12
466 440 Interceptor 5 182 10 0.001 0.8303 1.0929 0.535 12 Surcharge less than 3' is acceptable
468 442 Interceptor 4 357 10 0.002 0.9149 1.0767 0.458 12 Surcharge less than 3' is acceptable
470 444 Interceptor 4 118 10 0.002 0.9899 1.0744 0.309 12 Surcharge less than 3' is acceptable
472 446 Interceptor 4 350 21 0.002 6.5732 3.8812 0 0
474 448 Interceptor 4 369 21 0.002 7.1055 3.8426 0 0
476 342 S12-2 1533 10 0.002 0.9828 1.0268 0.284 12 Surcharge less than 3' is acceptable
479 344 S12-1 1253 12 0.002 1.5975 1.1542 0 0
481 346 S12-1 675 12 0.002 1.5968 1.1385 0 0 Surcharge less than 3' is acceptable
482 372 S31-1 489 10 0.002 0.9826 0.6025 1.019 0 Surcharge less than 3' is acceptable
485 374 S31-1 541 10 0.002 0.9816 0.6022 1.709 0 Surcharge less than 3' is acceptable
486 376 S31-2 704 8 0.002 0.5412 0.2201 2.658 0 Surcharge less than 3' is acceptable
488 378 S5-4 2050 8 0.002 0.5418 0.7937 3.853 10 Surcharge due to existing system capacity deficiencies
490 380 S5-6 1321 10 0.002 0.9823 1.3496 10.586 12 Surcharge due to existing system capacity deficiencies
493 482 S5-2 1336 15 0.002 2.8968 2.8998 7.819 18 Surcharge due to existing system capacity deficiencies
494 382 S13-3 1302 15 0.002 2.8962 2.7021 0 18
497 384 S13-3 1880 18 0.002 4.7114 3.2526 0.08 0 Surcharge less than 3' is acceptable
499 390 S13-2 2660 21 0.002 7.1039 7.0182 0 24 Surcharge less than 3' is acceptable
501 392 S13-1 2644 24 0.002 10.1426 7.3725 0 0
503 386 S13-5 2637 15 0.002 2.8964 1.244 0 0
506 388 S13-5 2696 15 0.002 2.8963 2.0105 0.33 0 Surcharge less than 3' is acceptable
507 354 S11-2 571 15 0.002 2.8969 2.0046 0 0
509 356 S11-2 710 15 0.002 2.8962 2.0922 0 0
511 358 S11-1 1260 18 0.002 4.7106 3.3621 0 0
513 360 S11-1 354 18 0.002 4.7078 3.5705 0 0
515 362 S11-1 345 18 0.002 4.7086 3.526 0 0
517 364 S11-1 987 18 0.002 4.71 3.4812 0 0
519 366 S11-1 196 18 0.002 4.7114 3.4355 0 0
521 368 S11-1 844 18 0.002 4.7079 3.427 0 0
523 370 S11-1 721 18 0.002 4.7088 3.3914 0 0
525 396 S10-6 2662 15 0.002 2.8965 1.7264 0.13 0 Surcharge less than 3' is acceptable
528 464 S10-1 2699 21 0.002 7.1046 6.0403 0 0
529 456 S10-5 1308 18 0.002 4.7098 3.2577 0 0
531 458 S10-4 1326 18 0.002 4.7094 3.6541 0 0
533 460 S10-3 1332 18 0.002 4.7103 3.6363 0 0
535 462 S10-2 2639 18 0.002 4.7101 4.227 0 21 Surcharge less than 3' is acceptable
536 278 S21-2 873 15 0.001 2.3464 1.7549 0 0
538 280 S21-1 1322 15 0.002 2.8962 2.002 0.154 0 Surcharge less than 3' is acceptable
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Buildout Collection System Model Wallis Engineering

Capacity 
(cfs) BuildOut SurchargeG_IDPipe ID

New 
Diameter Comments

Length 
(ft)

Existing 
Diameter 

(in) Slope (ft/ft)Lateral

Design Peak Flows (cfs)

540 282 S21-1 353 15 0.002 2.8932 2.0579 0 0
541 336 S6-1 327 24 0.002 10.1363 6.4224 0 0
543 338 S6-1 318 24 0.002 10.1336 6.6481 0 0
545 340 S6-1 2647 24 0.002 10.1429 6.568 0 0
546 398 S14-3 2782 15 0.002 2.8964 2.2678 0 0
549 400 S14-2 1923 18 0.002 4.7094 2.6885 0.1 0 Surcharge less than 3' is acceptable
551 402 S14-1 531 24 0.002 10.1417 8.7871 0 0
555 414 S16-4 2827 12 0.002 1.5974 1.4208 0 15 Surcharge less than 3' is acceptable
560 416 S16-7 2653 10 0.002 0.9824 1.1243 1.651 12 Surcharge less than 3' is acceptable
563 576 S16-2 2053 24 0.002 10.1419 1.4736 0 0
565 578 S16-1 1238 27 0.002 13.8847 3.4851 0 0
567 580 S16-1 513 27 0.002 13.8812 4.7103 0 0
569 582 S16-1 1228 27 0.002 13.8865 4.8358 0 0
570 418 S16-6 1938 12 0.002 1.5976 1.2652 0 0
573 420 S16-5 2181 15 0.002 2.5428 1.4951 0 0
576 422 S4-2 3050 21 0.002 7.1042 2.166 0 0
579 424 S4-1 717 21 0.002 7.1066 2.6258 0 0
581 426 S4-1 2220 21 0.002 7.105 2.839 0 0
582 428 S5-1 1301 10 0.002 0.9824 0.8983 4.84 12 10" size based upon possible pipe bursting 8"
584 450 S21-2 2041 10 0.020 3.0757 0.9401 0 0
587 452 S21-1 1699 12 0.024 5.4817 2.6448 0 0
591 468 S20-2 1820 15 0.002 2.8966 0.5332 0 0
594 470 S20-1 783 15 0.002 2.8965 0.6411 0 0
598 474 S5-3 238 15 0.002 2.8933 1.0319 5.202 0 Surcharge due to existing system capacity deficiencies
600 476 S5-3 187 15 0.002 2.8966 1.3496 5.495 0 Surcharge due to existing system capacity deficiencies
602 478 S5-3 995 15 0.002 2.8965 1.3395 7.059 0 Surcharge due to existing system capacity deficiencies
604 480 S5-3 498 15 0.002 2.8966 1.4092 7.819 0 Surcharge due to existing system capacity deficiencies
605 574 S16-3 2412 21 0.002 7.1896 0.1077 0 0
607 404 S15-2 596 12 0.002 1.5966 0.2327 0 0
609 406 S15-2 1557 12 0.002 1.5975 0.8994 0 0
611 408 S15-1 1626 15 0.002 2.8966 1.2298 0 0
613 410 S15-1 1751 15 0.002 2.8962 1.4598 0 0

Notes:
[1] "Tag" field generated by Hydra 6.4 in the Existing Pipe Results Report; cross references Figures B1 and B4
[2] Unique identifier generated by Hydra
[3] Lateral in which the link is part of
[4] Length (in feet) of the link
[5] Existing diameter (in inches) of the link; for proposed improvements it is the modeled diameter
[6] Slope of the link (in ft/ft), as calculated from invert elevations
[7] Capacity of the pipe in full flow in which d/D is 1.0
[8] Peak Hour design flow under buildout conditions
[9] Surcharge in feet 
[10] Recommended improved diameter, as generated by Hydra
[11] Comments provided by Wallis Engineering addressing the results provided by Hydra
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Odor Control Studies 
 
 



 
“Battle Ground Odor Control & Lagoon Assessment”, 

Technical Memo from HDR dated May 2, 2005 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
  

































 
“Battle Ground Surge Basin Facility Odor Control Study”,  

Draft Technical Memo from HDR dated September 26, 2005 
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Miscellaneous Information 



 
Figure 2-5 from Wastewater Engineering Treatment, Disposal 

and Reuse,  Metcalf & Eddy Inc., Third Edition 
  





 
Transmission System Hydraulic Profile 

 
  





Appendix E 
 

Interlocal Agreements 
  



 
 

Contract Between Hazel Dell Sewer District and the City of 
Battle Ground for Sewage Treatment Capacity and Payment 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  





























 
Modification of Interlocal Agreements Among Clark County, the 

Hazel Dell Sewer District, and the City of Battle Ground  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  









  
 
Addendum to the March 28th, 1995, Joint Contract Between the 

City of Battle Ground and the Hazel Dell Sewer District  
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Environmental Assessment 



 
Environmental Checklist 

  

































 
EIS Summary 
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APPENDIX H 
 

WASTEWATER HANDLING 
 

H.1 EXISTING WASTEWATER HANDLING 

All of the City’s wastewater is presently sent to the Salmon Creek Treatment Plant (SCTP). The 
City has purchased 3.47 million gallons per day (MGD) of maximum month flow capacity at the 
SCTP, and intends to own and use this capacity into the future. The SCTP is part of the Salmon 
Creek Wastewater Management System which is owned and operated by Clark County. The 
City has purchased conveyance and treatment capacity through an interlocal agreement with 
the Clark Regional Wastewater District (CRWWD) and Clark County (copies of various phases 
of this agreement are provided in Appendix E). The interlocal agreement identifies the maximum 
month capacity of the facilities allocated to the City. The maximum month capacities of the 
facilities purchased by the City through Phase 4 of the Salmon Creek Wastewater Management 
System include: 

• Interceptor System  10.1 MGD 

• Pump Stations   4.47 MGD 

• Force Main Systems  6.3 MGD 

• SCTP Treatment / Outfall 3.47 MGD 

These facilities are presented in greater detail, with component locations and purchased 
capacities on Figure H.1. Figure H.2 illustrates these components in schematic form. 

In addition, the City is currently constructing a new 3.5-MGal flow equalization basin and a new 
4.6-MGD pump station. These facilities will be on line in Fall 2011. 

Based on the projected flows discussed in Section 6, the City has maximum month capacity 
until the following years for each of the systems: 

• Interceptor System  2050 (Extrapolated from current Projections) 

• Pump Stations   2016 

• Force Main Systems  2026 

• SCTP Treatment / Outfall 20111 

The limiting facilities are those for treatment and discharge. The Interceptor and Force Main 
Systems have the capacity to carry the City through the planning period. The City needs to 
develop additional treatment and discharge capacity in order to provide sewer services through 
the planning period. The predicted maximum month flow rate in 2026 is 6.23  MGD. Therefore 

                                                 
1 The City’s treatment and outfall capacity is likely to be sufficient for five or more years beyond 2011 
based on recent slowing in growth trends. However, based on the City’s official comprehensive plan 
growth projections, the capacity would be utilized fully in 2011. 



2010/2011 Improvements
Lagoon Decommission
New Conveyance Pump Station  Capacity: 4.6 MGD
New Flow Equalization Basin  Capacity: 3.5 Mgal

Klineline Pump Station  Capacity: 3.02 mgd
Klineline Force Main  Capacity: 4.85 mgd

Klineline Pump Station  Capacity: 3.02 mgd
Klineline Force Main  Capacity: 4.85 mgd

Klineline Pump Station
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the City will need to purchase or construct 2.76 MGD of treatment and discharge capacity 
beyond the current capacity of 3.47 MGD in order to meet projected requirements to 2026. 
Additional pumping capacity will also be required. Note that the actual growth rate will be 
greater or less than projected, and thus implementation of planned improvements may be 
accelerated or delayed depending on the actual grow rate. 

H.2 ALTERNATIVES 

Three regional alternatives and one local alternative are considered for increasing treatment 
and disposal capacity to 6.23 MGD. The first regional alternative involves staying within the 
Salmon Creek Wastewater Management System and continuing to purchase additional 
treatment capacity as outlined in the SCTP Facility Plan/General Sewer Plan. The other regional 
alternatives involve conveyance of wastewater to the City of Vancouver’s Westside Treatment 
Facility and the purchase of capacity in that facility. Note that the City’s new flow equalization 
basin and new conveyance pump station, currently under construction, are not included as part 
of any alternative. 

H.2.1 ALTERNATIVE DESCRIPTIONS AND ASSUMPTIONS 

H.2.1.1 SCTP Alternative 
The City would purchase additional treatment, outfall, and pump station capacity and would 
construct a new parallel force main from the City’s Operations Center to the I-205 bridge 
structure. This alternative would require the City to make the following capital improvements 
over the planning period: 

• Purchase 2.76 MGD additional capacity via SCTP Expansions: Phases 5, 6, 7, 8, 9 

• Expand Flow Equalization (FE) Basin to 5 million gallons (MGal) from 3.5 MGal 

• Increase Battle Ground Pump Station Capacity to 8 MGD from 4.6 MGD 

• Construct Parallel Force Main (24-inch) 

• Increase Klineline Pump Station Capacity 

This alternative is based on the following assumptions: 

• The required total capacity is based on a 2026 maximum month flow of 6.23 MGD 

• No additional interceptor sewer capacity will be required. 

• No additional County force main capacity will be required. 

H.2.1.2 City of Vancouver Alternative 1:  Via St. John’s Road 
In this alternative, the City would enter into an agreement with the City of Vancouver for treatment 
of future wastewater flow and would construct a new force main and interceptor system to convey 
wastewater to the City of Vancouver’s Westside Treatment Facility. Sewage would be pumped 
from the expanded Battle Ground pump station / FE basin via a new pipeline that would end at 
N.E. 99th and NE. 117th. Sewage would then be pumped to the Westside plant by a new pump 
station and through a new pipeline that would follow St. John’s Avenue. 



City of Battle Ground General Sewer Plan Page H-5 
March 2011 
 

This alternative would require the City to make the following improvements: 

• Expand Flow Equalization Basin to 5 MGal from 3.5 MGal 

• Increase Battle Ground Pump Station Capacity to 8 MGD from 4.6 MGD 

• Construct new mid-way pumping station 

• Construct new pressure (and gravity) pipeline sections 

• Purchase treatment capacity at Vancouver’s Westside Treatment Facility 

This alternative is based on the following assumptions: 

• The required total capacity is based on a 2026 maximum month flow of 6.23 MGD 

• The City of Vancouver would be in agreement with this approach 

• There would be no cost sharing from other communities in the project. 

H.2.1.3 City of Vancouver Alternative 2:  Via Klineline Interceptor 
In this alternative also, the City would enter into an agreement with the City of Vancouver for 
treatment at the City of Vancouver’s Westside Treatment Facility. The City also would construct 
a new parallel force main from the City to the I-205 bridge structure and expand capacities of 
the flow equalization basin / pump station, participate in the upgrades at the Klineline pump 
station, and participate in the construction of a new interceptor system to the Westside 
Treatment Facility. 

This alternative is based on the following assumptions: 

• The required total capacity will be based on a 2026 maximum month flow of 6.23 MGD 

• The City of Vancouver is in agreement with this approach 

• There could be cost sharing from other communities in the project and the City would be 
responsible for only a portion of the costs associated with upgrading the Klineline Pump 
Station and conveyance improvements from that pump station to the Westside 
Treatment Facility. 

H.2.1.4 Local WRF Alternative 
This alternative, discussed above, is based on developing a local water reclamation facility 
(WRF) which would produce a Class A effluent and would meet reclaimed water requirements 
of RCW 90.46. It is anticipated that a membrane bioreactor (MBR) would be utilized. Effluent 
from the WRF would be discharged into infiltration basins constructed on a 15-acre parcel of 
land in Manor Trough. As an alternative, there is potential for utilizing land parcels in the 
Venersborg / Hockinson areas, east or southeast of Battle Ground. A new pump station and a 
16-inch force main would be constructed to transmit effluent to the infiltration basins. The WRF 
would be located within the existing lagoon site. 
 
The unit processes of an MBR WRF for Battle Ground would include: 
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• Primary Treatment 
o Fine Screening 
o Grit Removal 

• Secondary and Tertiary Treatment 
o Anoxic Basin 
o Mixed Liquor Pumping 
o Aerobic Basin 
o MBR Basins 
o Membrane Clean-in-Place System 
o Permeate Pumping 
o RAS Pumping 

• Disinfection 
o Ultraviolet Disinfection and Standby Chlorination 

• Biosolids Handling 
 
This alternative would require the City to make the following capital improvements: 
 

• Construct WRF (2.76 MGD) 

• Effluent Disposal 

• Solids Handling Facilities 

This alternative is based on the following assumptions: 

• Geology in either the Venersborg or Manor Trough areas is conducive to an infiltration 
system. 

 
• The Washington State Department of Ecology (Ecology) would issue approval of the 

effluent disposal approach, and corresponding permits. 
 

• The required total capacity is based on a 2026 maximum month flow of 6.23 MGD 

• No additional Interceptor sewer capacity or County force main capacity will be required 

• A new pump station and force main will be required to route WRF effluent to the selected 
application site. 

H.2.2 ALTERNATIVES PROJECT COSTS 

Tables H.1 through H.4 show the total project costs for each of the four alternatives. Collection 
system costs are not included, as they are discussed in Section 9. 

Project costs for the SCTP Alternative are shown in Table H.1. It is assumed that the City would 
share in planned expansions to the plant, as required to provide capacity to 2026; this would 
involve expansion phases 5, 6, 7, 8, and 9. Costs for a new force main were estimated 
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assuming a 24-inch pipeline (of approx. 9 miles) from the Battle Ground Pump Station to the  
I-205 bridge crossing. 

TABLE H.1 
SCTP ALTERNATIVE 

System Component $ Million 
Purchase 2.76 MGD Additional Capacity 18 
Expand Flow Equalization Basin and Increase 
Battle Ground Pump Station Capacity 

5 

Parallel Force Main 16 
Klineline Pump Station Improvements 2 
Capital Cost Estimate: 41 

 

Project costs for Vancouver Alternative 1 are shown in Table H.2. It is assumed that the City 
would pay $6.50 per gallon for treatment capacity at Vancouver’s Westside Treatment 
Facility. 

TABLE H.2 
CITY OF VANCOUVER ALTERNATIVE 1: ST. JOHNS ROAD 

System Component $ Million 
Expand Flow Equalization Basin and Increase 
Battle Ground Pump Station Capacity 

5 

New mid-way pumping station 3 
Pressure (and gravity) flow pipeline sections 30 
Westside WWTP capacity 18 

Capital Cost Estimate: 56 
 

Project costs for Vancouver Alternative 2 are shown in Table H.3. It is assumed that the City 
would pay $6.50 per gallon for treatment capacity at Vancouver’s Westside Treatment 
Facility. The parallel force main costs were estimated as for the SCTP Alternative. 
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TABLE H.3  

CITY OF VANCOUVER ALTERNATIVE 2: KLINELINE 

System Component $ Million 
Expand Flow Equalization Basin and Increase 
Battle Ground Pump Station Capacity 

5 

Parallel Force Main 17 
Gravity Sewer, Klineline to Vancouver 15 
Westside WWTP capacity 18 
Klineline Pump Station Upgrades 2 
Capital Cost Estimate: 57 

 

Project costs for the WRF Alternative are shown in Table H.4. 

TABLE H.4 
WRF LOCAL TREATMENT 

System Component $ Million 
WRF 28 
Effluent Disposal: Pipeline / Pump Station, Land, 
Permitting 

10 

Solids Handling Facilities 
 

5 
 

Capital Cost Estimate: 43 
 
 
A comparison of estimated cost of the four alternatives is shown in Table H.5. 
 

TABLE H.5  
COMPARISON OF CAPITAL COSTS 

Treatment Alternatives 
Project Cost, Phases 1&2 

($ Millions) 
SCTP  41 
City of Vancouver 1 (St. Johns) 56 
City of Vancouver 2 (Klineline) 57 
WRF Local Treatment 43 
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The SCTP alternative carries the lowest capital cost. The local WRF alternative has a slightly 
higher capital cost, however its operational cost is significantly higher. This alternative also 
requires approval of the effluent disposal approach, and corresponding permits from Ecology. 
The two Vancouver alternatives have a significantly-higher capital cost. For these reasons, the 
SCTP alternative is recommended. 
 
If the recent slowing in growth rates continues, then facility improvements could be postponed. 
In this case it may be feasible to reevaluate the local WRF alternative at a future time. A 
reevaluation may be warranted if relative importance of the selection criteria were to change in 
the interim period. Factors affecting alternative selection which may change in the future 
include: federal and state reclaimed water regulations; the regulatory / permitting environment in 
general; the cost of treatment and discharge from a local WRF and/or from the regional SCTP; 
and efficacy of MBR treatment technology. 
 
The City and Kennedy/Jenks Consultants have investigated the local WRF alternative over the 
last few years. In particular, the subject of subsurface discharge of WRF Class A effluent has 
been evaluated and discussed with Ecology at length. This prior work should facilitate progress 
if the local WRF alternative were to be selected in the future. 
 

H.2.3 DEVELOPMENT OF RECOMMENDED ALTERNATIVE 
As described above, this alternative consists of expanding transmission facilities and purchasing 
additional capacity at the SCTP, in order to handle increasing sewage flows during the course of 
the planning period. Facility improvements associated with this alternative are described below. 
H.2.3.1 Use of SCTP Treatment and Discharge Capacity 
The SCTP currently has a maximum month rated capacity of 14.95 MGD. Additional expansion 
of the facility will be required to address anticipated permit requirements and to handle 
anticipated flows during the planning horizon. Flows to the SCTP will continue to be generated 
from customers in the Battle Ground and Clark Regional Wastewater District service areas, as 
well as potentially from the City of Ridgefield.  
  
A Sewer Coalition Planning Study was completed in November 2009 with the participation of all 
sewer utilities in the County. This Study resulted in the development of a Regional General 
Sewer Plan outlining a long-term vision for sewer service in the County, and recommending that 
four agencies (Battle Ground, Ridgefield, Clark County, and Clark Regional Wastewater District) 
form a partnership to provide major conveyance and treatment for sewage from each agency’s 
service area. The Regional Plan also determined that treatment of flow from Ridgefield could be 
provided more cost effectively at the SCTP rather than through further expansion of the 
Ridgefield WWTP.   
  
The improvements required to convey flow from Ridgefield to the SCTP and the capital 
improvements required to accommodate the additional flow and load at the SCTP are being 
addressed in detail in an Engineering Report for the City of Ridgefield and in an update to the 
Salmon Creek Treatment Plant Facility Plan. At the time of preparation of this document, it was 
anticipated that five expansions to the SCTP will be required to serve the needs of the Clark 
Regional Wastewater District, Battle Ground, and Ridgefield. Table H-6 summarizes planned 
unit process improvements for each phase of expansion, along with estimates of total project 
costs and costs to Battle Ground. 
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TABLE H.6 
PLANNED EXPANSIONS TO THE SCTP 

 

 
* Systemwide EDUs 
 
** Improvements will be coordinated with EDUs / flowrates; timelines will be adjusted accordingly

 Repair Project 
(2012) 

Estimated 
Cost 

Phase 5 
EDUs*: 41,874 

(2012-
2013)** Estimated 

Cost 

Phase 6 
EDUs*: 47,227 

(2015-2017)** 
Estimated 

Cost 

Phase 7 
EDUs*: 56,044 

(2019-2020)** 
Estimated 

Cost 

Phase 8 
EDUs*: 63,645 

(2022-2023)** 
Estimated 

Cost 

Phase 9 
EDUs*: 72,951 

(2025-2027)** 
Estimated 

Cost 
Total 
Cost 

  
Dewatering 
Upgrades 

$1,500,000 Aeration Basin 7 $4,880,000 
1 New Screen (25 mgd 
capacity) $450,000 Primary Clarifier 5 $2,970,000 Primary Clarifier 6 $2,970,000 Aeration Basin 11 $4,880,000  

 
Site 
Improvements  $244,000 Cover Primary Clarifiers (Odor) $3,220,000 Aeration Basin 9 $4,880,000 Aeration Basin 10 $4,880,000 Anaerobic Digester 3 $4,480,000  

 New Outfall $10,780,000 Aeration Basin 8 $4,880,000 1 New Large Blower $1,380,000 1 New Large Blower $1,380,000 Site Improvements  $1,310,400  

   1 New Large Blower $1,380,000 Site Improvements  $462,000
Secondary Clarifier 6 
(140') $3,940,000    

   Secondary Clarifier 5 (140') $3,940,000   
Demolish Secondary 
Clarifier 2 $50,000    

   New Ras/WAS Pump Station $3,140,000   Site Improvements  $661,000    

   
1 New UV Disinfection 
Channel $3,360,000        

   Anaerobic Digester 3 $4,480,000        

   Demolish Secondary Clarifier 1 $50,000        

   Site Improvements  $350,000        

             

SCTP Capacity (MMF, MGD) 14.95 (existing) 16.5  20.2  23.4  25.3  29.0   

Estimated Expansion Cost ($M) (1.5)  15.9  25.25  9.69  13.88  10.67 76.89 

Estimated Battle Ground Share 
of Cost ($M) (0.3)  5.5  4.9  1.7  4.1  1.6 18.1 
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It is anticipated that the City would participate in Phases 5 through 9, with a total cost to the City of 
approximately $18 million. This would provide an additional 2.95 MGD of capacity to the City, 
raising its total capacity share to 6.42 MGD, or 0.19 MGD beyond the required 6.23 MGD on a 
maximum month basis. If flow from the City of Ridgefield is not sent to the SCTP, the Phase 9 
expansion would not be required within the planning horizon, and the timeline for implementation 
of Phases 5 through 8 would be extended. 
H.2.3.2 Force Main 
A 24-inch force main would be constructed to carry sewage from the City’s pump station at the 
Operations Center to the newer section of Salmon Creek Interceptor near the I-205 Bridge. This 
pipeline would parallel the City’s existing 16-inch force main, following the 9-mile route shown on 
Figure H.1. The capacity of this force main would handle projected requirements well beyond the 
planning period. 

The force main would be constructed of polyvinyl chloride (PVC) (C905). It would contain a boring 
beneath a highway (SR 503), a crossing at Salmon Creek, and a crossing at Betts Bridge. It would 
also contain several vaults for sewer air/vacuum valves. 

The estimated cost of the new force main is approximately $16 million. Table H-7 presents a list of 
items included in this pipeline construction. It is expected that timing of construction would coincide 
with a maximum month flowrate of 4.4 MGD. 

H.2.3.3 Expansion of Pump Station and Equalization Basin 
The flow equalization basin and pump station currently under construction (December 2010) were 
designed with the assumption that toward the end of the planning period, a WRF would handle 3.4 
MGD of flow (on a maximum month basis).2 For the SCTP alternative, a WRF will not be 
constructed, thus it will necessary to expand the basin and pumping capacity in order to provide 
storage and pumping capacity for the full inflow to be delivered to the City’s Operations Center. 

The flow equalization basin is being constructed with a volume of 3.5 MGal. For the SCTP 
alternative, this basin would be expanded to 5.0 MGal. (The current basin was designed and 
located so as to accommodate a future expansion to 5.0 MGal.) 

The pump station is being constructed with a firm capacity of 4.6 MGD. For the SCTP alternative, 
the pump station would be expanded to a firm capacity of 8.0 MGD. 

The estimated cost of these upgrades is $5 million, and it is expected that timing of construction 
would coincide with a maximum month flowrate of 3.4 MGD. 

H.2.3.4 Increased Capacity from Klineline Pump Station 
The City’s capacity share in the existing Klineline Pump Station is 3.02 MGD. For the SCTP 
alternative, it would be necessary to increase this capacity to at least 4.85 MGD in order to match 
the City’s capacity share in the Klineline Force Main. This would allow a delivery of 4.85 MGD to 
the SCTP, with an additional 1.97 MGD delivered to the SCTP by the 36th Ave. pump station and 
force main, as depicted on Figure H.2.   

The estimated cost of these upgrades is $2 million.  

                                                 
2 Engineering Report for Flow Equalization System Improvements at City of Battle Ground, Washington 
(January 2010), Kennedy/Jenks Consultants. 
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TABLE H.7  
BATTLE GROUND 24-INCH FORCE MAIN 

 

ITEM QUANTITY UNIT ITEM DESCRIPTION 

        
1 1 LS MOBILIZATION 
2 1 LS TRAFFIC CONTROL 
3 32013 SY CONSTRUCTION GEOTEXTILE FOR SEPARATION 
4 7403 TON CRUSHED SURFACING BASE COURSE 
5 2468 TON CRUSHED SURFACING TOP COURSE 
6 8203 TON HMA CL. 1/2 INCH PG 64-22 
7 1 EA PIG LAUNCH VAULT 
8 1 LS UPSTREAM BG TIE IN 
9 1 LS DOWNSTREAM TIE IN 
10 6 EA AIR-VACUUM VAULT AND ASSEMBLY  
11 47520 LF TRENCH SAFETY SYSTEM 
12 48020 LF TESTING SEWER PIPE 
13 47520 LF SEWER FORCE MAIN, 24 INCH DIA. C 905 
14 48020 LF LOCATOR WIRE 
15 47520 LF LOCATE TAPE 
16 288120 SF GRIND 1 LANE FOR OVERLAY 
17 300 LF SEWER BORE, 24 INCH  DIA. DR 13.5 HDPE At SR 503 
18 350 LF SEWER CROSSING At SAL  CR, 24 INCH DIA. DR 13.5 HDPE  
19 1 LS BRIDGE CROSSING & CONNECTION -BETTS 
20 97 EA LOCATOR STATION 
21 1 LS TEMPORARY EROSION CONTROL 
22 1 LS PERMANENT EROSION CONTROL AND LANDSCAPING 

TOTAL ESTIMATED PROJECT COST:   $16 Million 
  


	inside cover sheet
	Table of Contents
	Sect 01
	Sect 02
	Sect 03
	Sect 04
	Sect 05
	Sect 06
	Sect 07
	Sect 08
	Sect 09
	Sect 10
	Appendix A
	Appendix B
	Appendix C
	Appendix D
	Appendix E
	Appendix F
	Appendix G
	Appendix H



