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EXECUTIVE SUMMARY 
 

This Comprehensive Sewer Plan for the City of Oak Harbor updates the City’s previously prepared 
Comprehensive Sewerage Plan (URS Greiner, 1997). The Washington State Growth Management Act 
requires the City to provide sanitary services for the anticipated growth in population that may occur 
during the 20 year planning period.  This planning effort responds to existing system needs and the needs 
associated with the population increase anticipated by the City of Oak Harbor. The updates in this 
document address the City’s sewer conveyance system and treatment needs through the planning period 
that extends to 2025. 

BACKGROUND 
Study Area 
The City of Oak Harbor is near the northern end of Whidbey Island on Oak Harbor and Crescent Harbor. 
The eastern portion of the City is the U.S. Navy’s Seaplane Base, which is one of two bases that make up 
Naval Air Station Whidbey Island (NAS Whidbey); the other base is Ault Field, which lies to the north of 
the City. The City covers 9.4 square miles, of which 4.4 square miles is the Navy’s Seaplane Base and 5.0 
square miles is in the “City proper”. 

The City’s urban growth area (UGA) includes all of the City of Oak Harbor, as well as unincorporated 
areas to the north, between the City and Ault Field, and to the south and west. The study area for this 
master plan is all of the UGA, a total of 11.8 square miles. Beyond the UGA lies the Oak Harbor Island 
County Joint Planning Area (JPA), in which the City of Oak Harbor is likely to expand beyond the 
20-year planning horizon. Figure ES-1 shows the city limits, UGA and JPA.  

Land Use 
The predominant land use in the City is residential development, with densities from 3 to 22 dwelling 
units per acre. Higher densities are located primarily near the center of the City, which features a mix of 
single-family and multi-family dwellings. Lower density areas, consisting mostly of single-family homes, 
are located to the east, west and south of the City’s central core. Residential development has been limited 
in the northern portion of the City, due largely to noise impacts from aircraft operations at Ault Field. A 
survey conducted for the City’s Comprehensive Plan found that Oak Harbor’s mix of residential, 
commercial, and industrial uses is generally consistent with that of similar communities in the State of 
Washington. One exception is in the area of industrial land, for which Oak Harbor’s total is significantly 
lower than other cities. However, the land use survey did not include UGA lands outside the city limits, 
and it is likely that the percentage of industrial land will be more in line with that of other communities as 
industrial land to the north of Oak Harbor is annexed over time. Table ES-1 summarizes existing land 
uses within the city limits. 

Population 
Table ES-2 summarizes estimates used in this comprehensive plan for current population and future 
population through the planning period 

ES-1 



City of Oak Harbor Comprehensive Sewer Plan… 

 
Figure ES-1. City of Oak Harbor and Vicinity 

 

TABLE ES-1. 
EXISTING LAND USE IN THE CITY PROPER 

Land Use 
Total Area 

(acres) 
Portion of City Proper Total 

Area (%) 

Single Family Residential 1,435 45 
Multiple Family Residential 540 17 
Commercial 420 13 
Office 125 4 
Industrial 120 4 
Public 350 10 
Open Space 220 7 

Total 3,210 100 
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TABLE ES-2. 
EXISTING AND PROJECTED FUTURE POPULATION 

Year Total Navy Seaplane Base City Proper 

2000 19,800 4,400 15,400 

2005 22,200 4,400 17,800 
2011 24,200 4,400 19,800 

2025 28,700 4,400 24,300 

 

EXISTING WASTEWATER SYSTEM 
Treatment Facilities 
Treatment Type, Location and Ownership 
The City owns, operates, and maintains a rotating biological contactor (RBC) treatment plant on SE City 
Beach Drive, near the City’s central business district. The City operates and maintains, under a lease 
agreement with the U.S. Navy, a second treatment plant on East Pioneer Avenue, on the Seaplane Base. 
The leased plant is an aerated lagoon facility with anaerobic pretreatment.  

Flow and Load Capacity 
The City’s current National Pollutant Discharge Elimination System (NPDES) permit, issued on May 25, 
2005, applies to both of the City’s wastewater treatment plants. The NPDES permit establishes the 
following rated flow and load capacities for the treatment plants:  

• RBC Plant rated capacity for wastewater influent 

– Average flow for the maximum month = 0.7 million gallons per day (mgd) 

– Biochemical oxygen demand (BOD) loading for the maximum month = 2,000 pounds per 
day (ppd) 

• Seaplane Lagoon Plant rated capacity for wastewater influent  

– Average flow for the maximum month = 2.5 mgd 

– BOD loading for the maximum month = 4,580 ppd 

– Total suspended solids (TSS) loading for the maximum month = 5,130 ppd 

Table ES-3 summarizes projections for citywide flows and BOD and TSS loads through 2025, the end of 
the planning period for this comprehensive sewer plan. It is recommended that the City expand the 
capacity of its treatment facilities for future flows within the 20 year planning period.  
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TABLE ES-3. 
PROJECTED RAW WASTEWATER FLOWS AND LOADS THROUGH 2025 

  2010 2015 2020 2025 

Flow (mgd)      
Average Annual  2.08 2.22 2.36 2.50 
Maximum Month  2.91 3.11 3.31 3.51 
Maximum Day  5.03 5.34 5.64 5.95 

BOD (ppd)          
Average Annual  4,288 4,584 4,880 5,177 
Maximum Month  5,047 5,392 5,738 6,084 
Maximum Day  7,447 7,973 8,499 9,026 

TSS (ppd)          
Average Annual  4,305 4,618 4,931 5,243 
Maximum Month  6,273 6,733 7,194 7,655 
Maximum Day  9,881 10,621 11,361 12,102 

 

Effluent and Sludge 
Disinfected secondary effluent from the RBC Plant is discharged into Oak Harbor through an 18-inch-
diameter corrugated metal outfall. The outfall is 1,160 feet long and terminates with a diffuser section 
15 feet below mean lower low water. Disinfected effluent from the lagoon plant is discharged into 
Crescent Harbor through an 18-inch diameter outfall. The outfall is 3,284 feet long and terminates with a 
diffuser section 44 feet below mean lower low water. The NPDES permit defines the following effluent 
limits:  

• RBC Plant 

– Monthly average effluent CBOD (carbonaceous BOD) = 25 mg/L or less  

– TSS = 30 mg/L or less 

• Seaplane Lagoon Plant 

– Monthly average CBOD = 25 mg/L or less  

– TSS = 75 mg/L or less.  

In recent years the Seaplane Lagoon Plant has continuously met the NPDES effluent limits, except for 
once in March 2004. The RBC Plant has continuously met the NPDES effluent limits except for three 
occasions (June 2005, August 2004 and September 2004): 

Digested sludge (biosolids) from the RBC Plant is pumped to the Seaplane Lagoon Plant where it is 
further stabilized in anaerobic lagoons. Testing conducted in 2002 indicated that the biosolids met all 
criteria for “exceptional quality” as defined in federal 503 regulations. The biosolids also met the Class B 
requirement for testing of fecal coliform. The City plans to remove sludge from the anaerobic lagoons at 
least every two years and apply it as a soil amendment to permitted land application sites. 
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Collection Facilities 
System Components 
The gravity collection system serving the City proper consists of approximately 65 miles of PVC, 
concrete, clay and ductile iron sewer pipe ranging in diameter from 6 to 24 inches. The collection system 
also includes 10 lift stations and the RBC Diversion Pump Station, with approximately 5 miles of 
associated ductile iron, PVC and asbestos cement force mains ranging in size from 2-inch to 16-inch. 
Wastewater from the City proper flows to the RBC Plant, where it is either treated or pumped to the 
Seaplane Lagoon Plant by the RBC Diversion Pump Station. 

The City owns, operates, and maintains the collection system serving users outside the Navy base and 
conveying flow to both treatment plants, including the conveyance infrastructure between the RBC 
Diversion Pump Station and the Seaplane Lagoon Plant, part of which is a 21-inch gravity sewer. The 
U.S. Navy owns, operates and maintains the collection system serving the Navy base, which conveys 
flows to the lagoon treatment plant.  

System Capacity 
A capacity analysis of the collection system was undertaken using computer modeling. Existing 
wastewater flows in the City proper were estimated from unit flows for contributions from residential, and 
commercial development, schools and other public facilities. Peak hour flows from these sources were 
obtained by use of a peaking factor. Peak Inflow and infiltration contributions were also included in the 
model simulations derived from typical areal contribution values related to the age of development. 

Out-of-manhole flooding, sewer surcharging, capacity limitation and access restrictions were used as 
reference criteria for upgrading sewers. No areas of out-of-manhole flooding were identified from the 
computer modeling using estimated existing flows. The modeling identified peak flows approaching 
system capacity on some sections of conveyance pipe.  

Computer modeling of the system using projected future flows showed greater levels of surcharging in 
the areas where surcharging is indicated for existing flows. Significant surcharging and out-of-sewer 
flooding are not predicted for expected flows through the end of the planning period (2025). 

It is recommended that a flow monitoring study be implemented early in the planning period to verify 
flow modeling predictions.   

POTENTIAL SYSTEM IMPROVEMENTS 
Collection System 
Existing System Upgrades 
 

The results of the capacity analysis for future flow conditions expected through the end of the 
planning period (2025) were used to estimate when upgrades to the existing collection system would 
be required.  

Improvement Projects for the 20-Year Planning Period 
The following specific projects are to be implemented within the 20-year planning period: 

• Project 1a(i)—Upgrade the RBC Diversion Pump Station to a capacity of 10 mgd, with an 
estimated cost of $1.86 million. 
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• Project 1a(ii)—Upgrade the RBC Diversion Pump Station force main. This involves the 
installation of 7,300 feet of new 28-inch pipe, with an estimated cost of $6.12 million. 

• Project 1a(v)—Upgrade the inverted siphon to the Seaplane Lagoon headworks. This 
involves the installation of 1,700 feet of new 20-inch pipe, with an estimated cost of 
$1.07 million. 

• Project 1b(ii)—Upgrade a portion of the gravity trunk sewer along Heller Street and Whidbey 
Avenue. This involves the installation of 1,550 feet of new 18-inch pipe, with an estimated 
cost of $845,000 

• Project 1e(i)—Upgrade a portion of the gravity trunk sewer on Ely Street Trunk. This 
involves the installation of 1,300 feet of new 30-inch pipe and 1,300 feet of new 36-inch 
pipe, with an estimated cost of $2.11 million. 

System Expansion 
Improvement Projects for the 20-Year Planning Period 
Expansion of the existing system will be required to support development within the UGA.  The 
following expansion projects were identified as needing to be implemented within the 20-year planning 
period: 

Expansion Area A—Scenic Heights 

• Project A1—Install a new 600-gallon-per-minute (gpm) lift station in the southern portion of 
Expansion Area A, with 2,300 feet of 8-inch force main connecting to an existing trunk 
sewer, with an estimated cost of $600,000. 

• Project A2—Install 3,100 feet of new gravity sewer in Expansion Area A connecting to the 
proposed new lift station, with an estimated cost of $700,000. 

Expansion Area B—Fairway Lane 

• Project B1—Install a new 1,700-gpm lift station north of Fairway Lane in Expansion Area B, 
with 8,500 feet of 12-inch force main and 400 feet of new 18-inch gravity sewer connecting 
to an existing trunk sewer, with an estimated cost of $3.34 million. 

Expansion Area C – Crosby Road 

• Project C1—Install a new 850-gpm lift station on Crosby Road in Expansion Area C, with 
2,700 feet of 6-inch force main connecting to an existing trunk sewer, with an estimated cost 
of $1.82 million. 

Expansion Area D—Goldie Road Enterprise Area 

• Project D1—Install a new 1,400-gpm lift station between Oak Harbor Road and Goldie Road 
in Expansion Area D, with 1,700 feet of 12-inch force main connecting to an existing trunk 
sewer, with an estimated cost of $1.86 million. 

• Project D2—Install 4,800 feet of new 18-inch gravity sewer along Goldie Road in Expansion 
Area D, with an estimated cost of $2.62 million. 

Miscellaneous Collection System Improvements 
The following miscellaneous collection system projects that are not associated with capacity deficiencies 
or system expansion were identified:  

• Install data recording and telemetry systems at existing lift stations 

• A new standby generator for emergency power at lift stations 
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• A flow monitoring study to verify base flows and quantify infiltration and inflow in the 
City’s collection system 

• A study to assess corrosion in the RBC Plant Diversion Pump Station force main. 

Table ES-4 summarizes the resulting recommended collection system improvements and estimated costs.  
Figure ES-2 shows the project locations.  The recommended improvements are proposed to be 
implemented in phases as needed.  The schedule for implementation should be updated annually.  The 
order of collection and conveyance improvements is coordinated with the recommended treatment plant 
improvements and assumes that all flows will be pumped from the existing diversion pump station at the 
RBC plant to the SPB lagoons.   

Treatment Facilities 
A review of the treatment capacity and alternatives is contained in the Wastewater Treatment Facilities 
Evaluation section of this plan.  Based on cost and qualitative considerations, Alternative 3, Activated 
Sludge, is the recommended alternative for meeting the City’s long term treatment requirements. 
However, the conclusions and additional alternatives should be evaluated in more detail when the City 
prepares a wastewater facility plan to expand the plant in the future.   Several miscellaneous 
improvements, such as a new headworks, lagoon dike protection, and upgrades to chlorination facilities 
are needed at the SPB lagoon treatment plant.  These miscellaneous plant improvements and common to 
all alternatives for lagoon plant expansion included with this study. 

Table ES-5 summarizes the recommended treatment facility improvements and estimated costs.  Figure 
ES-3 shows the layout of the proposed upgrades. 

The treatment plant improvements are timed to be completed before they are projected to be needed in 
2017.  The need for new treatment facilities is a balance of conservative estimates of future flow, aging 
equipment at the RBC plant and consistency with other City planning efforts.  The RBC plant must be 
kept in operation through the completion of treatment expansion in 2017.  The RBC plant could 
potentially be eliminated sooner if the treatment plant expansion schedule was accelerated. 

A wastewater facility plan will need to be prepared for the proposed upgrades.  Typically, five to six 
years are needed for completion of a facility plan, design, permitting, financing and construction of major 
treatment plant upgrades.   

It is recommended that the City begin the treatment plant facility plan no later than 2011. 

It is further recommended that additional alternatives, including location and treatment technologies, be 
evaluated in greater detail either prior to or during preparation of a wastewater facility plan. 
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TABLE ES-4. 
SUMMARY OF RECOMMENDED COLLECTION SYSTEM IMPROVEMENTS 

Project 
No. Location 

Estimated  
Completion 
Year Description 

Planning Level 
Cost 

Collection System Expansion 
A1 Scenic Heights 2007 Scenic Heights Lift Station and 

Force Main 
$600,000

A2 Scenic Heights 2007 New Gravity Trunk Sewers $700,000
B1 Swantown Road/ Fort 

Nugent Avenue 
2011 Fairway Lane Lift Station, Force 

Main and D/S Trunk Extension  
$3,341,000

C1 Crosby Road 2009 Crosby Road Lift Station and Force 
Main 

$1,816,000

D1 Heller Rd/Goldie Road 2008 Goldie Road Lift Station and Force 
Main 

$1,865,000

D2 Heller Rd/Goldie Road 2009 Trunk Sewer from Goldie Road to 
Proposed Lift Station  

$2,617,000

Subtotal $10,939,000

Existing Collection System Upgrades 
1a(i) RBC Pump Station 2009 Upgrade RBC PS to 10 mgd $1,856,000
1a(ii) RBC Pump Station to 

Seaplane Base 
2012 Upgrade RBC PS Force Main $6,123,000

1a(v) Seaplane Base 2007 Upgrade of Inverted Siphon 
Capacity to Lagoon Headworks 

$1,069,000

1b(ii) Heller Road/Whidbey 
St. 

2010 Interim Upgrades to Heller Road 
and Whidbey St. Trunk Sewer 

$845,000

1e(i) Ely Street to City 
Beach 

2011 Interim Upgrade to Ely Street 
Sewer to RBC Pump Station 

$2,113,000

Subtotal $12,006,000

Other System Improvements 
1 Various Lift Stations 2009 Install data logging/telemetry at 

critical lift stations. 
$500,000

2 NE 7th Lift Station 2007 Purchase an additional permanent 
standby generator 

$50,000

3 System Wide 2007 Infiltration / Inflow and Flow 
Monitoring Study 

$175,000

4 RBC Diversion Pump 
Station Force Main 

2007 Corrosion Study 100,000

Subtotal $825,000

Total Cost for Recommended Collection System Improvements $23,770,000
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Figure ES-2. Recommended Collection System Improvements 
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TABLE ES-5. 
ESTIMATED CAPITAL COSTS FOR RECOMMENDED 

WASTEWATER TREATMENT IMPROVEMENTS 

Headworks $591,965 
Aeration Basins  $2,142,635 
Clarifier system  $4,799,145 
Lagoon Pump Station $203,619 
Disinfection & Effluent Pumping $1,965,460 
Control Building $1,257,388  
Wetland Dike Upgrades $917,689 
RBC Plant Demolition $510,730 

Subtotal $12,388,629 
Contingency (30%) $3,716,589 

Total estimated construction cost $16,105,218 
Engineering Design (15%) $2,415,783 
Construction Management (10%) $1,610,522 
Sales Tax (8.3%) $1,336,733 

Total Estimated Capital Cost $21,468,000 
  
*Estimated completion by 2017. 

 
 

 
Figure ES-3. Recommended Treatment Plant Improvements 
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CHAPTER 1. 
INTRODUCTION 

 

PURPOSE 
This Comprehensive Sewer Plan for the City of Oak Harbor updates the City’s previously prepared 
Comprehensive Sewerage Plan (URS Greiner, 1997). The updates in this document address the City’s 
sewer system and treatment plant needs through the design year, 2025. The City retained Tetra 
Tech/KCM, Inc. to prepare a sewer plan update that meets the requirements of Washington 
Administrative Code (WAC) 173-240-050 (Comprehensive Sewer Plans). The Washington State Growth 
Management Act requires the City to provide sanitary services for the growth in population that will 
occur over 20 years. This planning effort responds to existing system needs and the needs associated with 
the population increase forecast by the City of Oak Harbor. 

AUTHORIZATION 
In April 2005, Tt/KCM was authorized to update the City of Oak Harbor’s Comprehensive Sewerage 
Plan in conformance with current Washington State Department of Ecology regulations and guidelines 
listed in the Washington Administrative Code. 

SCOPE 
Development of this report included the following tasks: 

• Develop geographic information system (GIS) data and a GeoDatabase for report mapping. 

• Inventory sewers, pump stations, force mains and wastewater treatment facilities. 

• Analyze available population, flow, load, and infiltration and inflow (I/I) data. 

• Develop a hydraulic capacity model for the existing collection system and assess the system 
under existing and projected flows. 

• Develop alternatives to extend and upgrade the existing collection system to correct existing 
problems and accommodate projected growth. 

• Evaluate flows and loads to the City’s wastewater treatment plants for past, present and future 
conditions. 

• Perform a capacity analysis for key treatment plant components (including primary and 
secondary treatment, disinfection and sludge management). 

• Develop improvement alternatives for treatment plant liquid and solids-handling processes. 

• Compare alternatives and recommend treatment plant and collection system improvements 
based on engineering, financial and environmental criteria. Present recommendations within a 
capital improvement program identifying proposed work and estimated costs. 

• Prepare environmental documentation as appropriate for implementation of the capital 
improvement program. 

• Develop a financial program for implementation of the first six years of the capital 
improvement program. 

• Assess wastewater system operation and maintenance and the emergency response plan and 
recommend modifications as appropriate. 
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RELATED STUDIES 
The following previous studies and planning documents were used in the preparation of this report: 

• City of Oak Harbor Comprehensive Plan. City of Oak Harbor Development Services 
Department. October 2005. 

• Impact of Tidal Influence on the Sewage Lagoons, City of Oak Harbor Seaplane Base. URS. 
September 2005. 

• Fact Sheet for NPDES Permit WA-002056-7 Oak Harbor Wastewater Treatment Plants. 
Washington State Department of Ecology. 2005. 

• Operation and Maintenance Manual Update for Seaplane Wastewater Lagoon Treatment 
Facility, City of Oak Harbor, Washington. Stantec Consulting, Inc. December 2004. 

• Engineering Report, RBC Wastewater Treatment Plant Capacity Analysis, An Addendum to 
the Engineering Report for the Upgrade of Secondary Treatment Facilities, NAS/Seaplane 
Base, June 1987. URS. September 2004. 

• City of Oak Harbor 2003 Water System Plan. Earth Tech, Inc. and Katy Isaksen & 
Associates. May 2004. 

• Oak Harbor Seaplane WWTP Improvement, Addendum to the 1987 Engineering Report. 
Sear-Brown and URS Corporation. March 2004. 

• Crescent Bay Salt Marsh and Salmon Habitat Restoration Plan. Philip Williams & 
Associates, Ltd. (PWA) and University of Washington Wetland Ecosystem Team (UW-
WET). July 2003. 

• Pre-Design Study of Wastewater Treatment Lagoon Upgrades for Oak Harbor, Washington. 
Sear-Brown. October 2001. 

• Comprehensive Plant Evaluation Findings for the Oak Harbor Lagoon System. Sear-Brown. 
January 2001. 

• City of Oak Harbor Comprehensive Sewerage Plan. URS Greiner. April 1997. 

• Engineering Report, RBC Wastewater Treatment Plant Evaluation, an Addendum to the 
Engineering Report for the Upgrade of Secondary Treatment Facilities NAS/Seaplane Base, 
June 1987. URS Consultants, Inc. January 1995. 

WASTEWATER SYSTEM OWNERSHIP AND OPERATION 
The City of Oak Harbor owns, operates, and maintains a rotating biological contactor (RBC) treatment 
plant site and facilities on SE City Beach Drive, near the City’s central business district. The City 
operates and maintains, under a long term lease agreement with the U.S. Navy, a second treatment plant, 
the Seaplane Base Wastewater Treatment Plant. The SPB plant is situated on land owned by the U.S. 
Navy. The City owns the facilities constructed by the City after signing of the lease, however the Navy 
retains ownership of the property. Improvements are considered tenant improvements. A copy of the lease 
agreement is included in Appendix A. The City owns, operates, and maintains the collection system 
serving users outside the Navy base and conveying flow to both treatment plants; the U.S. Navy owns, 
operates and maintains the collection system serving the Navy base, which conveys flows to the lagoon 
treatment plant. 
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The City’s wastewater facilities representative is as follows: 

   Cathy Rosen, Public Works Director 
   City of Oak Harbor 
   865 SE Barrington Drive 
   Oak Harbor, Washington 98277 
   (360) 279-4500 



 



 

CHAPTER 2. 
BACKGROUND 

 

STUDY AREA 
The City of Oak Harbor is near the northern end of Whidbey Island in Island County, Washington. Island 
County consists of Whidbey Island and Camano Island, in the area where Puget Sound meets the Strait of 
Juan de Fuca (see Figure 2-1). The City is situated on Oak Harbor and Crescent Harbor, which are 
adjoining embayments off Saratoga Passage, the waterway separating Whidbey Island from Camano 
Island. The eastern portion of the City is the U.S. Navy’s Seaplane Base, which is one of two bases that 
make up Naval Air Station Whidbey Island (NAS Whidbey); the other base is Ault Field, which lies to 
the north of the City. The City covers approximately 6,030 acres (9.4 square miles), of which 2,820 acres 
(4.4 square miles) is the Navy’s Seaplane Base. 

The City’s urban growth area (UGA) includes all of the City of Oak Harbor, as well as unincorporated 
areas to the north, between the City and Ault Field, and to the south and west (see Figure 2-2). The UGA 
represents all of the Oak Harbor vicinity likely to be needed for development to accommodate urban 
growth over the next 20 years. Beyond the UGA lies the Oak Harbor Island County Joint Planning Area 
(JPA), in which the City of Oak Harbor is likely to expand beyond the 20-year planning horizon. 

The study area for this master plan is all of the UGA. The total area of the study area is 7,540 acres 
(11.8 square miles). The JPA is not included in the study area, as it is not expected to require City sewer 
service within the 20-year planning period for this master plan. Some of the master plan analyses were 
performed separately for the incorporated portion of the study area, excluding the Seaplane Base (“the 
City proper”) and the unincorporated portion of the UGA. 

The City-owned wastewater collection and treatment system currently serves almost all of the developed 
area within the city limits outside the Seaplane Base. The collection system for the Seaplane Base is 
owned and operated by the Navy. The Seaplane Base treatment facility is owned by the Navy and 
operated by the City under a lease agreement, which is included in Appendix A. 

TOPOGRAPHY 
The study area generally consists of gently sloping terrain with undulating hills. Exceptions to this 
general topography are the steep bluffs adjacent to the water in the southern part of the study area and the 
prominent hills west of the city center. Typical slopes within the study area are 3 to 6 percent. Elevations 
within the study area range from just over 400 feet (City of Oak Harbor datum) to sea level (100 feet, City 
of Oak Harbor datum). Figure 2-2 shows the study area topography. 

CLIMATE 
The climate in the study area is generally mild and uniform because of the small range of elevations, the 
rain shadow effect of the Olympic Mountains and the tempering effect of the surrounding waters. The 
daily mean high temperature is 57.5ºF. Average annual precipitation is 17.73 inches, of which about 
6 inches falls as snow. The City experiences fairly distinct dry and wet seasons, with most of the annual 
precipitation falling from October through April (URS Greiner, 1997). 
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SURFACE WATERS 
Oak Harbor and Crescent Harbor are the main surface waters within the Oak Harbor UGA. They are 
marine waters on the east side of Whidbey Island next to Saratoga passage and Skagit Bay as shown in 
Figure 2-1.  

There are no significant streams or rivers within the Oak Harbor UGA. In the central area of the City, all 
former open channels have been piped in the City’s storm drainage system. A few large open channels 
remain in Freund Marsh. There is a small lake on the grounds of the Whidbey Golf and Country Club in 
the southwestern part of the City. Drainage flows from farmlands south of the City through the Waterloo 
Marsh and Loers Pond into this lake, also known as the Golf Course Pond. The western portion of the 
study area includes a number of drainage sinks—topographically isolated drainage areas where 
stormwater that enters can leave only by infiltration to groundwater or by evaporation. Figure 2-3 shows 
the surface waters in the study area. 

Crescent Harbor Marsh is a wetland system on the Seaplane Base that contains both saltwater marsh and 
freshwater marsh communities. Crescent Creek provides seasonal freshwater to the system. This marsh 
was once the largest (300 acres) open barrier salt marsh on Whidbey Island. Like many coastal wetlands 
in the Puget Sound region, Crescent Harbor Marsh has experienced a long history of hydrologic 
modifications. In the early 1900s, it was diked and drained for agricultural use, and the natural channel 
was replaced with a gated culvert. In the 1960s the U.S. Navy constructed the Seaplane Lagoons 
wastewater treatment plant in the center of the marsh. The plant was upgraded in 1990 by the City of Oak 
Harbor. Berms surrounding the plant protect it from marsh water infusion. In 1994, the tide gate 
separating the marsh from the harbor was permanently opened. However, the undersized culvert severely 
limits tidal heights during the summer and impedes freshwater discharge during the winter (URS, 2005). 
Currently Island County and the Navy are developing plans to restore approximately 200 acres of the 
marsh as natural wetlands and juvenile salmon rearing habitat. This will require larger passages for tidal 
circulation, such as larger culverts and notched channels or weirs across the sewer berms, and replacing 
portions of the roadway berms with pile supported bridges (PWA, 2003). 

Interspersed throughout much of the study area are designated critical areas. Critical areas, as defined in 
the City’s Comprehensive Plan, include shorelines, wetlands, fish and wildlife habitat, frequently flooded 
areas, areas of aquifer recharge value, and hazardous slope areas. Wetlands and hazardous slope areas are 
illustrated in Figure 2-3. Tidal flats are found along the shoreline of Oak Harbor. Some wetland areas are 
found within the study area, with one large wetland system associated with the shoreline. Flood hazard 
areas are associated with several of the wetland areas. Geologically sensitive areas are primarily 
associated with the bluffs along the shoreline and other steep slopes, and potential liquefaction areas in 
the downtown area and on the Seaplane Base. 

GROUNDWATER 
Groundwater aquifers in the study area are contained in glacial and interglacial deposits, with elevations 
generally following the surface topography (URS Greiner, 1997).  

The exact number of aquifers on the island is not known. They are numerous, of varying sizes, and are 
located at varying depths. These differences account for the varying depths to which wells must be drilled 
to reach potable water. There is no underground river that supplies water to the island. All of the aquifers 
on Whidbey Island are sole source aquifers replenished only by rain, and the aquifers are susceptible to 
contamination from various ground surface sources. The North Whidbey Watershed Non-point Pollution 
Prevention Plan adopted by the County in 1997 ranked residential on-site septic systems as the main 
source of contamination of the aquifer. (Water Resources on Whidbey Island, League of Women Voters, 
2003).  
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…2. BACKGROUND 

On-site systems are a relatively minor source of groundwater contamination inside the City because the 
vast majority of sewage in the City is discharged to the sewer system. There are only an estimated 136 on-
site septic systems inside the City as discussed in Chapter 6 of this report. Other potential sources of 
groundwater contamination in the City include leaking sanitary sewers, use of pesticides and herbicides, 
runoff of petroleum products from roads and runoff from industrial and military sites.  

The depth to groundwater varies widely across the City of Oak Harbor water service area. Variations 
occur with both geography and seasonal variations. Generally speaking however, gravity sewers in Oak 
Harbor are typically constructed in the dry meaning that little or no dewatering is necessary for sewer 
trenches of 8-10 foot depths. 

GEOLOGY 
Geologic characteristics in the study area are largely the result of regional glacial processes. Erosion and 
deposition associated with glaciation have strongly influenced regional topography, soils, and 
groundwater characteristics. 

Soils in the study area are generally a sandy loam developed under a heavy stand of timber in mild, moist, 
nearly frost-free climate. The parent material can be described as undulating and rolling, gravelly and 
stony, coarse to moderately coarse textured material underlain by loose glacial outwash. However, soils 
throughout the study area are highly variable. 

There are 18 soil classifications within the study area, with subclassifications based on slope. Most soils 
in the central area of the City are of the Townsend variety, which are characterized by a sloping well-
drained soil underlain by compact gravelly till. North of this central area, the soil transitions to Whidbey 
soils, which are well-drained soils underlain by a cemented glacial till. To the west, the soil transitions to 
Coveland soil, a poorly drained soil underlain by fine-textured till, marine or lake-laid sediments. 
Continuing west, the soil transitions into Hoypus soil, an excessively drained soil underlain by loose 
gravelly or sandy drift or wind-reworked areas. 

WATER SUPPLY 
The Water Division of the Oak Harbor Public Works Department provides City customers with treated 
water obtained from Anacortes via 10- and 24-inch transmission lines, and from an aquifer below the city 
via three wells. The Anacortes supply is the primary source. Oak Harbor has entered into a 20-year Water 
Supply Agreement with Anacortes, and renegotiates water charges and committed water volume with an 
annual amendment. The most recent water service amendment (2002) allows Oak Harbor to draw 
2.66 million gallons per day, which is expected to be an adequate supply through 2013. The Navy and the 
City have an equal allocation of water capacity through the existing transmission lines. The supply and 
transmission system have sufficient capacity to meet the projected 2013 peak-day demand for the UGA 
service area (City of Oak Harbor, 2005). Figure 2-4 shows the key elements of the City water system. 

The quality of treated water from Anacortes and the raw water from the City’s wells complies with state 
drinking water standards. The immediate area surrounding the City proper is served by about 30 water 
purveyors, each of which generally serves fewer than 100 customers. According to Island County Public 
Health and Human Services, the quality of water provided by these purveyors generally meets state 
drinking water standards, although the water has a high iron and manganese content (URS Greiner, 1997).  

OTHER WASTEWATER FACILITIES 
Under the requirements of WAC 173-240-050 for general sewer plans, the City must assess the feasibility 
of developing regional wastewater facilities with neighboring communities and industries within 20 
miles. The following are within 20 miles of the City: 
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• On Whidbey Island 

– Penn Cove Water and Sewer District Wastewater Treatment Plant 

– Town of Coupeville Wastewater Treatment Plant 

– City of Langley Wastewater Treatment Plant 

– Ault Field Wastewater Treatment Plant 

• Off Whidbey Island 

– City of Anacortes Wastewater Treatment Plant 

– Fisherman Bay Sewer District Wastewater Treatment Plant 

– City of Port Townsend Sewage Treatment Plant 

– Port Flagler State Park Sewage Treatment Plant 

– City of Stanwood Sewage Treatment Plant 

– City of Mount Vernon Wastewater Treatment Plant 

– Warm Beach Christian Camp & Conference Center Wastewater Treatment Plant 

2-4 



�
��

��
��
��

��
	

��
�

�

�

�
�
�
��
��

��
��
�

��
�
��
��

��
��
�

�
�
�
��

�

��

��
��
��

��
��
�

�
�

�
�

�
�

�
�
��

��
�
��
�
��

�
�
��

��
�
��
�
��

��
�

��
�

�
��

��
	


�
��

��
	


��
�

��
�

�
��

��
	


�
��

��
	


������������������� ������������������� �������������������

�
�
���

��
 �

��
�
!�

�
�
�
���

��
 �

��
�
!�

�
�
�
���

��
 �

��
�
!�

�

�
��
 �

��
�
��

�
��
 �

��
�
��

�������� ��������

�
�
��"


�
�
��
��

�
�
��"


�
�
��
��

�
�
��"


�
�
��
��

���
����� ���
�����

��
�#$

��
�#$

�
%
�&
��
��
!�

�
�
%
�&
��
��
!�

�

�%�'
�����(!�� �%�'
�����(!��

�
%
�)
��
��
!�

�
�
%
�)
��
��
!�

�

%
���

�

��

��
��
!�

�
%
���

�

��

��
��
!�

�

�%���*�����+�� �%���*�����+�� �%���*�����+��

�
���

�

��

��
��
!�

�
�
���

�

��

��
��
!�

�

�
%
��

�
��

��
��

��

�
%
��

�
��

��
��

��

�
��

��
�
��
�
��

�
��

��
�
��
�
��

,��-
���

���
�

,��-
���

���
�

�
��
 	
��

�
�
��
 	
��

�
�
��
��

��
�
��

�
��
��

��
�
��

�
��
��

��
�
��

�
%
�)
��
��
!�

�
�
%
�)
��
��
!�

�

�
%
�.
��
��
!�

�
�
%
�.
��
��
!�

�

�
%
�/
/�
��
�
!�

�
�
%
�/
/�
��
�
!�

�

�%��01�������� �%��01�������� �%��01��������

�%������������ �%������������

����������� �����������

��
��
��
���
��
��
!�
�

��
��
��
���
��
��
!�
�

��
��
��
���
��
��
!�
� ���#$ ���#$

��
��	

��

	

��
��	

��

	

��

*�

� ��
��

��

*�

� ��
��

�
�
�"
���
�
�*

��
���

!�
�

�
�
�"
���
�
�*

��
���

!�
�

��
�#
$

��
�#
$

���"�
���!���+�� ���"�
���!���+��

�
�
�2
��
��
!�

�
�
�
�2
��
��
!�

�
�
�
�2
��
��
!�

�

�
�
�3
��
��
!�

�
�
�
�3
��
��
!�

�
�
�
�3
��
��
!�

�
�
%
�3
��
��
!�

�
�
%
�3
��
��
!�

�

�
�
�#
��

��
!�

�
�
�
�#
��

��
!�

�

���#
$

���#
$�������������������

�
�
���

��
 �

��
�
!�

�

�
��
 �

��
�
��

��������

�
�
��"


�
�
��
��

���
�����

��
�#$

�
%
�&
��
��
!�

�

�%�'
�����(!��

�
%
�)
��
��
!�

�

%
���

�

��

��
��
!�

�

�%���*�����+��

�
���

�

��

��
��
!�

�

�
%
��

�
��

��
��

��

�
��

��
�
��
�
��

,��-
���

���
�

�
��
 	
��

�
�
��
��

��
�
��

�
%
�)
��
��
!�

�

�
%
�.
��
��
!�

�

�
%
�/
/�
��
�
!�

�

�%��01��������

�%������������

�����������

��
��
��
���
��
��
!�
� ���#$

��
��	

��

	

��

*�

� ��
��

�
�
�"
���
�
�*

��
���

!�
�

��
�#
$

���"�
���!���+��

�
�
�2
��
��
!�

�

�
�
�3
��
��
!�

�
�
%
�3
��
��
!�

�

�
�
�#
��

��
!�

�

���#
$

��
�

�
��

��
	


��
�

�
��

��
	


$
#4
.$

$0

�
--

��
5�
��
	�

�

�
�

�

�
�

�
�

�
�

�
�
��

��
�
��
�
��

�

�
��
��
� 
� 
��
�
�6�

	


�

�
 7

�
��
  
��
�8
��
��

	

�*

�!
�
!�

�
� 

��
!�


�
�
�


�
��

-�
�
��
�
�

�

�
��
  
��
��
9�

��
��
��

��
��
�

��
��
��

�
�

��
�

��
�

�
��

��
	


�
��

��
	


��
�

�
��

��
	


��
�

��
�

�
��

��
	


�
��

��
	


��
�

�
��

��
	


��
�

��
�

�
��

��
	


�
��

��
	


��
�

�
��

��
	


�
�
��
��
��
�	



�
�
�
�
��
��
�
�

�
��
��
�
	
��
�
��
��
��

�
��
��
�	
��
�
��
��
��
��

��
��
��
�
�
�



�
�
�



�
�



�
�



�
�



�
�



�
�

 
��
��!
�
��"

 
��
��!
�
��#

 
��
��!
�
��$
$

�
��

	

�

	
�

�
�

	
�

�
��

�
�	

�
�

�
�

��
��


�

	
�

�
�



�
�

�
�

�
��

��
�

�
	

�

�
�

�
	

��
�

	


�
	

�

 
��
��
�	
��
�
��
��
��
��
��
%�
��
�
�
�

 
��
��
�	
��
�
��
��
��
��
��
��
�"
��
�
�
�

&
��
��
��
�
�
�	



�
�
�
�
��
��
�
�

�
��

	

�

	
�

�
�

	
�

:.:$$$;<#=)=�����"�	

�
� �6�/$

"

*
��
��
#8
)�

�
�
,
%
�
��
>
�
,
%
'

"�
�
?1
?,
?%
�

�

��
��
6��

��
��
��
��

�
�
�
'
�
�
%
�
%
�
�
?@
%
��
%
�
%
�
��
1�

�
��
��
��
��	

�
�
�
��
�
��
��
	
��
��

�
�	
	�
���

��

�
��
	�
��
��
��
��
��
��

��
��
��
��
��
��
��
���
��
 
��
��
��
��
��
��
��
�



City of Oak Harbor Comprehensive Sewer Plan… 

2-6 

Due to the City of Oak Harbor’s island location, pumping wastewater to treatment facilities off Whidbey 
Island was not considered. The four existing facilities on Whidbey Island are several miles away from 
Oak Harbor and were designed to serve small communities and towns. In addition, the topography is 
undesirable. Therefore, joint use is not feasible at this time. 



 

CHAPTER 3. 
LAND USE AND POPULATION 

 

Planning decisions regarding sewage treatment facilities, interceptors, and collection systems rely on 
analysis and projection of population and land use. Population forecasting data and land use information 
used for the analysis in this report were provided by the City’s Planning Department.  

PLANNING AREAS 
The study area was divided into two planning areas for analysis in this comprehensive plan:  

• The City Proper—The area inside the current Oak Harbor city limits, excluding the Navy’s 
Seaplane Base. 

• The Unincorporated UGA—The area of the UGA outside the city limits. 

LAND USE 
Existing Land Use 
The information in this section is summarized from the City of Oak Harbor Comprehensive Plan (City of 
Oak Harbor, 2005). 

A survey conducted for the Comprehensive Plan found that Oak Harbor’s mix of residential, commercial, 
and industrial uses is generally consistent with that of similar communities in the State of Washington. 
One exception is in the area of industrial land, for which Oak Harbor’s total is significantly lower than 
other cities. However, the survey did not include UGA lands outside the city limits, and it is likely that 
the percentage of industrial land will be more in line with that of other communities as industrial land to 
the north of Oak Harbor is annexed over time. The land use designations are shown in Figure 3-1. 

The predominant land use in the city is residential development with densities from 3 to 22 dwelling units 
per acre. Higher densities are located primarily near the center of the City, which features a mix of single-
family and multi-family dwellings. Lower density areas, consisting mostly of single-family homes, are 
located to the east, west and south of the city’s central core. Residential development has been limited in 
the northern portion of the City, due largely to noise impacts from aircraft operations at Ault Field. The 
remaining areas of the City are developed with the following land uses: 

• Commercial uses include the Central Business District (CBD), smaller neighborhood 
businesses, and auto-oriented businesses and large retail facilities located along highway 
corridors. The CBD features older buildings that are home to a mix of office and retail uses, 
as well as restaurants. The area also includes several undeveloped and underdeveloped 
parcels that present opportunities for future development. The commercial area along State 
Route (SR) 20 has developed in a manner that accommodates the auto-oriented public; it also 
includes businesses that feature large-scale buildings and parking lots. 

• Land developed or designated for industry is located primarily in the northern part of the 
City. This area is within the “Air Installation Compatible Uses Zone” designated by the 
Navy, based on noise impacts and accident potential associated with aircraft activity at Ault 
Field. This area is best suited to industrial uses, and is not suitable for residential 
development. 

3-1 
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• Public and institutional uses include public and private schools, churches, municipal 
buildings and facilities, park and recreation facilities, and open space (whether public or 
private): 

– The greater Oak Harbor area is served by School District #201, which operates one high 
school, two middle schools and six elementary schools. Several private schools also 
provide educational services, generally serving the K – 8 school population. A branch of 
Skagit Valley College is located in Oak Harbor on 2.5 acres at the east end of Pioneer 
Way.  

– Municipal facilities include City Hall on SE Barrington Drive, a police station across the 
street from City Hall, a fire department headquarters station on E. Whidbey Avenue, the 
library on the Skagit Valley College campus, and the public works/municipal shops 
facility.  

– City parks and recreation facilities include 25 parks. In addition, the School District owns 
approximately 85 acres of playgrounds and athletic fields, and the Navy manages some 
207 acres of parks and fields for use by Navy personnel and their dependents. 

Table 3-1 summarizes existing land uses within the City Limits. 

 

TABLE 3-1. 
EXISTING LAND USE IN THE CITY PROPER 

Land Use 
Total Areaa 

(acres) 
Portion of City Proper Total 

Area (%) 

Single Family Residential 1,435 45 
Multiple Family Residential 540 17 
Commercial 420 13 
Office 125 4 
Industrial 120 4 
Public 350 10 
Open Space 220 7 
Total 3,210b 100 
   
a. Area based on 2005 GIS data. 
b. Does not include Naval Air Station. Naval Air Station contains approximately 2,820 acres. 

 

Future Land Use 
Projected land use for the Urban Growth Area, as defined in the City’s 2005 Comprehensive Plan, is 
based on City and County zoning designations. Zoning designations are shown in Figure 3-2. Future 
development in any area must conform to the zoning for that area, therefore zoning designations were 
used as a guide in estimating future levels of development in the study area. Potential near-term and long-
term growth scenarios are discussed in Chapter 7. 
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Figure 3-1.
OAK HARBOR
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…3. LAND USE AND POPULATION 

POPULATION 
The following sources and methods were used to develop estimates of existing and future population in 
the study area: 

• The City’s Planning Department provided population data for the year 2000 (based on U.S. 
Census data) and for 2025. The numbers provided by the City’s Planning Department are 
lower than estimates used in previous planning documents. The City’s 1997 Sewer Plan 
references the Washington State Office of Financial Management’s low, medium and high 
projections, and uses the high projection (2.55-percent annual growth rate) of 32,316 people 
in the year 2016 for planning purposes. The City’s 2005 Comprehensive Plan uses the 
medium projection (2.05-percent annual growth rate) of 29,704 people in the year 2020. The 
City’s 2003 Water System Plan uses the high projection and estimates a total of 31,773 
people in the year 2023. The population data provided by the City’s Planning Department for 
this report is significantly lower than previous estimates because the City recently discovered 
a miscalculation in the state’s earlier projections. 

• Population on the Seaplane Base for the year 2000 was obtained through an analysis of U.S. 
Census block data in a GIS format.  

• In the year 2000, population for the City proper (the incorporated area outside the Seaplane 
Base) was calculated as the difference between the total City population provided by the 
Planning Department and the estimated Seaplane Base population. 

• For the year 2005 population estimate, growth in the City proper since the year 2000 was 
estimated based on a review of plats. For collection system analysis, it was assumed that the 
Seaplane Base population would remain unchanged from the year 2000. 

• The year 2011, population was estimated based on a review of areas that are projected to be 
developed within the next six years, per discussions with the City’s Planning Department. For 
collection system analysis, it was assumed that the Seaplane Base population would remain 
unchanged from the year 2000. 

• For the year 2025 population estimate, City staff noted that the Navy periodically considers 
base closures and expansions which could result in unforeseen population changes at the base 
during the next 20 years. However, current assumptions are based on Navy Planning which 
indicates no planned increase in population on the Naval Air Station Whidbey Island 
Seaplane Base.  For this report, it was assumed that the Seaplane Base population would 
remain the same as the estimated 2005 population, and the population for the City proper was 
calculated as the difference between the total City population provided by the Planning 
Department and the estimated Seaplane Base population.  

• Total study area population was calculated as the sum of the populations in the City proper 
and in the unincorporated areas of the UGA. 

• A long-term growth projection of population was estimated based on future zoning 
designations at maximum densities for the entire UGA. Under these conditions, it is assumed 
that the city limits will have expanded to include all of the current urban growth area. 

Table 3-2 summarizes the resulting population estimates. 
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TABLE 3-2. 
EXISTING AND PROJECTED FUTURE POPULATION 

Year Total Navy Seaplane Baseb City Propere 

2000 19,800 4,400 15,400 

2005 22,200 4,400 17,800d 
2011 24,200 4,400 19,800 

2025 28,700 4,400 24,300c 
Long Term Growth 66,100 4,400 61,700 

      

a. Total city population for 2000 and 2025 provided by Oak Harbor Planning Department. 
b. Seaplane Base population estimated from Census block data for 2000; assumed to remain constant through 

2025. 
c. City proper population for 2000 and 2025 calculated as difference between City total provided by Planning 

Department and estimated Seaplane Base population. 
d. Growth in City proper population from 2000 to 2005 estimated based on review of plats.  
e. City proper is the area within the current city limits for the corresponding year, excluding the Seaplane 

Base. 

 



CHAPTER 4. 
PERMITS, REQUIREMENTS, AND REGULATIONS 

 

Wastewater treatment facilities must meet the regulations and requirements of many federal, state, and 
local regulatory agencies. This chapter summarizes applicable rules and regulations and permits that 
apply to Oak Harbor’s wastewater facilities.  

FEDERAL REGULATIONS 
Federal Water Quality Acts 
Programs and policies to protect water quality were first initiated on a nationwide scale by the federal 
Water Pollution Control Act of 1956. This act was amended by the Water Quality Act of 1965, the Clean 
Water Restoration Act of 1966, and the Water Quality Improvement Act of 1970. The Water Pollution 
Act Amendment of 1972 (Public Law 92-500) replaced the previous language of the Act entirely. This 
Act requires states to establish water quality standards for all of their water bodies. The standard must 
consist of two parts: a designation of the use of the water body; and the water quality criteria that water 
body must maintain to protect the designated uses from pollution. The State of Washington complies with 
this regulation through WAC 173-201A, which is described later.  

The Clean Water Act of 1977, in further amending the 1972 amendment, required any agency conducting 
an activity that may result in a discharge into navigable waters to obtain certification from the appropriate 
water pollution control agency, verifying that the discharge complies with applicable effluent limitations 
and water quality standards. Further, these amendments established National Pollutant Discharge 
Elimination System (NPDES) permits, which regulate point discharges into water, and required various 
types of water quality planning by states. Grants for facilities and training were also authorized under 
these amendments. 

With increased environmental awareness of the extent and effects of nonpoint pollution, Congress passed 
the Water Quality Act of 1987, which directs states in developing programs designed to reduce nonpoint 
source pollution and requires the following from each state: 

• Submit a report identifying navigable waters that cannot meet water quality standards without 
action to control pollution. 

• Identify the categories of pollution sources. 

• Describe processes for identifying best management practices and control strategies. 

• Identify state and local programs for controlling pollution from both point and nonpoint 
sources. 

These amendments resulted in the development of the Puget Sound Water Quality Management Plan, 
which applies to Puget Sound, the Strait of Juan de Fuca, and all waters draining into them (PSAT, 2000). 

Federal Effluent Limitations 
Section 301 of the federal Water Pollution Control Act requires all publicly owned wastewater treatment 
facilities to provide a minimum of secondary treatment unless a special waiver is obtained. This act 
defines secondary treatment as follows: 
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• The monthly average of biochemical oxygen demand (BOD) and total suspended solids 
(TSS) concentrations shall not exceed 30 milligrams per liter (mg/L). 

• The weekly average of BOD and TSS concentrations shall not exceed 45 mg/L. 

• The monthly average removal of BOD and TSS shall be at least 85 percent. 

• The pH of the effluent shall be between 6.0 and 9.0. 

Oak Harbor’s lagoon and RBC treatment plants qualify for exceptions to these secondary treatment 
standards as discussed later in this chapter. There can be additional exceptions to these regulations when 
treatment works receive combined sewer flows or certain industrial wastes. However, in general, these are 
the minimum federal requirements for effluent quality. The Washington State Department of Ecology 
administers these regulations under the NPDES as discussed later in this chapter.  

Federal Standards for Use or Disposal of Sludge 
The federal document that regulates the use and disposal of sewage sludge is the Code of Federal 
Regulations, Part 503 (40 CFR 503, EPA 1993). These regulations, published in February 1993, address 
three main sludge disposal options: 

• Land application 

• Surface disposal 

• Incineration. 

Land-applied sludge must meet requirements in the 503 regulations for reducing pathogens and vector 
attraction. Two basic classes for pathogen reduction are established in the regulations: sludge distributed 
in bagged form must meet Class A requirements; and sludge applied to the land in bulk form must meet 
Class B requirements. Only bulk land application is evaluated as a disposal option for this comprehensive 
sewer plan. 

Pathogen Reduction 
Class A sludge must have levels of fecal coliform organisms below 1,000 per gram of total solids and 
meet other time and temperature requirements, or the sludge must have been treated with an EPA-defined 
“process to further reduce pathogens.” These processes include composting, heat drying, heat treatment, 
thermophilic aerobic digestion, irradiation, and pasteurization. 

Class B sludge must have levels of fecal coliform organisms less than 2 million per gram of total solids, 
or meet other requirements, or the sludge must have been treated with an EPA-defined “process to 
significantly reduce pathogens.” These processes include aerobic digestion for a mean cell residence time 
greater than 40 days at 20ºC or 60 days at 15ºC, air drying, anaerobic digestion, composting, or lime 
stabilization. 

Vector Attraction Reduction 
The regulations require that land-applied sludge be processed to reduce its “vector attraction.” This means 
that the sludge should be stabilized sufficiently to not be an attraction to rodents or birds that could spread 
pathogens contained in the sludge and thereby increase the risk of human exposure. The basic measure of 
the adequacy of sludge stabilization in the regulations is that the volatile solids concentration in the 
sludge be reduced through processing by at least 38 percent. A series of alternative procedures are 
provided for reducing vector attraction, including injection below the ground surface. 
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Metals 
Limits are specified for the concentration of various metals in the sludge and for the cumulative loading 
of these metals on the land used for its application. Table 4-1 lists the concentration limits for any sludge 
that is land applied. Table 4-2 lists further guidelines for sludge that is land applied in bulk. Either the 
monthly average concentration criteria or the cumulative pollutant loading rate criteria must be met. 

 

TABLE 4-1. 
CEILING CONCENTRATIONS FOR METALS IN 

LAND-APPLIED SLUDGE 

Parameter Ceiling Concentration Limit (mg/kg) 

Arsenic 75 
Cadmium 85 
Copper 4,300 
Lead 840 
Mercury 57 
Molybdenum 75 
Nickel 420 
Selenium 100 
Zinc 7,500 

 

TABLE 4-2. 
METAL CONCENTRATION LIMITS FOR BULK SEWAGE SLUDGE 

LAND APPLICATION 

Parameter 
Monthly Average Concentration 

Limit (mg/kg) 
Cumulative Pollutant 

Loading Rate (kg/hectare) 

Arsenic 41 41 
Cadmium 39 39 
Copper 1,500 1,500 
Lead 300 300 
Mercury 17 17 
Nickel 420 420 
Selenium 100 100 
Zinc 2,800 2,800 

Other Measures 
In addition to regulating the quality of biosolids, the regulations require specific management measures, 
including the following:  

• Record-Keeping and Reporting—Records must be kept by the owner describing the quantity 
and quality of the biosolids that have been applied to specific sites for up to five years. Even 
if the owner has a contract for biosolids disposal with a private contractor, the owner is 
ultimately responsible for the record-keeping and reporting. 
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• Monitoring—The owner is responsible for monitoring the biosolids for metals and specific 
pathogens on a regular basis.  

• Management Practices—Biosolids should not be applied to flooded, frozen, or snow-covered 
ground, so that biosolids do not enter surface waters. 

EPA Reliability Criteria 
An important reference for wastewater treatment plant reliability is the EPA’s Design Criteria for 
Mechanical, Electric, and Fluid System and Component Reliability (EPA 1974). This document outlines 
requirements in three reliability classes, with specific provisions for each unit process. Table 4-3 
summarizes its requirements for component reliability.  

The EPA’s requirements are very similar to Ecology’s reliability requirements, which are discussed later 
in this chapter. The wastewater facilities proposed in this sewer plan and engineering report will comply 
with the EPA and Ecology Class II reliability criteria.  

National Environmental Protection Act 
The National Environmental Protection Act (NEPA) requires appropriate environmental documentation 
for projects that could have a significant adverse impact on the quality of the natural and human 
environment. The EPA can declare that a proposed action is categorically exempt from these 
requirements. Otherwise, the proposing agency must prepare an Environmental Information Document 
(EID), commonly referred to as an Environmental Assessment or Environmental Report. An 
Environmental Report assesses environmental elements, such as soils, water quality, and air quality, and 
addresses how a proposed project complies with federal and state regulations. The EPA uses the 
Environmental Report to determine whether to issue a “finding of no significant impact” or to require an 
environmental impact statement.  

Clean Air Act 
The Federal Clean Air Act of 1992 requires that all federally funded projects be in compliance with state 
and regional air quality plans. The local air-quality authority for Island County is the Northwest Clean Air 
Agency; agency requirements are discussed later in this chapter.  

Historical and Archaeological Sites 
Both federal and state laws require agencies to assess the effects of their proposed projects on significant 
archeological and historic properties. If facility improvement projects impact identified historical or 
archaeological sites, a more detailed evaluation of the site and potential impact of the project on the site 
will be required. 
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TABLE 4-3. 
SUMMARY OF EPA DESIGN CRITERIA FOR SYSTEM AND COMPONENT RELIABILITY 

Component Class I Class II Class III 

Reliability 
classification 

Works discharging into navigable waters that 
could be permanently or unacceptably 
damaged by effluent that was degraded in 
quality for only a few hours. Examples of 
Reliability Class I works might be those 
discharging near drinking water reservoirs, 
into shellfish waters, or in proximity to areas 
used for water contact sports. 

Works discharging into navigable 
waters that would not be 
permanently or unacceptably 
damaged by short-term effluent 
quality degradation, but could be 
damaged by continued (on the order 
of several days) effluent 
degradation.  

Works not otherwise 
classified as 
Reliability Class I or II

Trash removal Required Same as Class I Same as Class I 

Grit removal Required if sludge is handled Same as Class I Same as Class I 

Clean-out of solids Provisions for cleaning of solids required for 
components prior to degritting or 
sedimentation 

Same as Class I Same as Class I 

Controlled 
diversion 

Screened, gravity overflow required with 
alarm, annunciation, and measurement of flow 
discharged. Holding basin required  

Same as Class I, but no holding 
basin required 

Same, as Class I but no 
holding basin required 

Unit operation 
bypassing 

Required except for unit operations with two 
or more open basins 

Same as Class I Same as Class I 

Mechanically 
cleaned bar screens 

Backup manual screen required Same as Class I Same as Class I 

Pumps Capacity to handle peak flow with any one 
pump out of service must be provided 

Same as Class I Same as Class I 

Comminution Overflow bypass must be provided with 
manual bar screen 

Same as Class I Same as Class I 

Primary 
sedimentation 
basins 

With largest unit out, remaining units shall 
have design flow of at least 50 percent of the 
total design flow to that unit operation 

Same as Class I At least two basins 

Final and chemical 
sedimentation 
basins, trickling 
filters, filters, and 
activated carbon 
columns 

With largest unit out, remaining units shall 
have design flow of at least 75 percent of the 
total design flow to that unit operation 

With largest unit out, remaining 
units shall have design flow of at 
least 50 percent of the total design 
flow to that unit operation; backup 
not required for chemical 
sedimentation basins, filters, and 
activated carbon columns 

At least two basins; 
backup not required 
for chemical 
sedimentation basins, 
filters, and activated 
carbon columns 

Aeration basin At least two equal volumes shall be provided Same as Class I Single basin 
permissible 

Aeration blowers 
or aerators 

Sufficient to provide for peak oxygen 
demands with the largest capacity unit out of 
service 

Same as Class I At least two units 

Diffusers Designed so that isolation of the largest 
section of diffusers does not measurably 
impair oxygen transfer capability 

Same as Class I Same as Class I 
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TABLE 4-3 (continued). 
SUMMARY OF EPA DESIGN CRITERIA FOR SYSTEM AND COMPONENT RELIABILITY 

Component Class I Class II Class III 

Chemical flash 
mixer 

At least two basins or a backup means of adding chemicals Backup not required Backup not required 

Flocculation basins At least two basins Backup not required Backup not required 

Disinfectant 
contact basins 

With largest unit out, remaining units shall have design 
flow of at least 50 percent of the total design flow to that 
unit operation 

Same as Class I Same as Class I 

Sludge handling  Alternate methods of sludge disposal and/or treatment shall 
be provided for each sludge treatment unit operation 
without installed backup capability. No recycles permitted 
that will compromise liquid treatment. 

Same as Class I Same as Class I 

Sludge holding 
tanks 

May be used to back up downstream tanks Same as Class I Same as Class I 

Sludge pumps A backup pump shall be provided for each set of pumps that 
performs the same function. The capacity of the pumps 
shall be such that with any one pump out of service, the 
remaining pumps will have capacity to handle the peak 
flow. 

Same as Class I Same as Class I 

Anaerobic sludge 
digestion 

At least two digestion tanks shall be provided. At least two 
of the digestion tanks provided shall be designed to permit 
processing all types of sludge normally digested. Tanks 
shall have sufficient flexibility or backup equipment to 
ensure that mixing is not lost when any one piece of 
equipment is out of service. Uninstalled backup is 
acceptable for mixing equipment 

Same as Class I Same as Class I 

Aerobic sludge 
digestion 

Backup aeration basin not required. At least two blowers 
shall be provided. Uninstalled backup is permissible. 
Largest section of diffusers can be isolated. 

  

Sludge holding 
tanks 

May be used to back up downstream tanks Same as Class I Same as Class I 

Vacuum filter There shall be sufficient number of vacuum filters to enable 
the design flow to be dewatered with largest capacity unit 
out of service. Two vacuum pumps and two filtrate pumps 
shall service each vacuum filter. These may be uninstalled. 

Same as Class I Same as Class I 

Centrifuges There shall be sufficient number of units to enable the 
design flow to be dewatered with largest capacity unit out 
of service. The backup unit may be uninstalled. 

Same as Class I Same as Class I 

Incinerators A backup incinerator is not required. Auxiliary equipment 
shall be provided with backup. 

Same as Class I Same as Class I 
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TABLE 4-3 (continued). 
SUMMARY OF EPA DESIGN CRITERIA FOR SYSTEM AND COMPONENT RELIABILITY 

Component Class I Class II Class III 

Electric power 
source 

Two separate and independent sources of electric power 
shall be provided to the works either from two separate 
utility substations or for a single substation and a works-
based generator. Capacity of backup power shall be 
sufficient to operate all vital components, during peak 
wastewater flow conditions, together with critical lighting 
and ventilation. 

Same as Class I except 
those vital 
components to support 
the secondary 
processes need not be 
included as long as 
treatment equivalent 
to sedimentation and 
disinfection is 
provided. 

Sufficient to operate 
the screening or 
comminution facilities, 
the main wastewater 
pumps, the primary 
sedimentation basins, 
and the disinfection 
facility during peak 
flow together with 
critical lighting and 
ventilation. 

Power distribution 
external to the 
works 

The independent sources of power shall be distributed to 
the works transformers in a way to minimize common 
mode failures from affecting both sources. 

Same as Class I Same as Class I 

Power distribution 
within the works 

See Referenced EPA document Same as Class I Same as Class I 

Instrumentation 
and control 
systems 

Automatic control systems whose failures could result in a 
controlled diversion or a violation of the effluent 
limitations shall be provided with a manual override. 
Instrumentation whose failure could result in a controlled 
diversion or a violation of the effluent limitations shall be 
provided with an installed backup sensor and readout. 
Alarms shall be provided to monitor the condition of 
equipment whose failure could result in a controlled 
diversion or a violation of the effluent limitations. Vital 
instrumentation and control equipment shall be designed 
to permit alignment and calibration without requiring a 
controlled diversion or a violation of the effluent 
limitations 

Same as Class I Same as Class I 

Auxiliary systems If a malfunction of the system can result in controlled 
diversion or a violation of the effluent limitations and the 
required function cannot be done by any other means, 
then the system shall have backup capability. 

Same as Class I Same as Class I 

Reference: U. S. Environmental Protection Agency. Design Criteria for Mechanical, Electric, and Fluid System and Component 
Reliability. MCD-05, EPA-430-99-74-001. Office of Water Program Operations. Washington, D. C.,  

 

Floodplains and Wetlands 
The EPA restricts treatment projects on environmentally sensitive lands such as floodplains and wetlands.  

Agricultural Lands 
It is EPA policy under the Farmland Protection Policy Act (PL 97-98) to protect agricultural lands from 
“irreversible loss as an environmental or essential food production resource.”  
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Coastal Zone Management 
The Coastal Zone Management Act requires that all federal activities be consistent with approved state 
coastal zone management programs to the maximum extent possible. This project is located in a coastal 
zone county and is consistent with Washington’s Coastal Zone Management Program and enforceable 
regulatory policies (State Environmental Policy Act, Water Quality, Air Quality and the Shoreline Master 
Program). A shoreline development permit would be needed prior to construction if construction is 
planned within 200 feet of the ordinary high water mark.  

Fish and Wildlife Protection 
The Fish and Wildlife Coordination Act requires that projects “controlling or modifying any natural 
streams or other body of water” be done in a way that protects fish and wildlife resources and habitats.  

Endangered Species Act 
Projects with a federal “nexus,” including federal permits, approvals or funding, require compliance with 
the Endangered Species Act. Listed species include the following: 

• Southern resident killer whale—federally listed endangered species 

• Bald eagle—federally and state listed threatened species 

• Bull trout—federally listed threatened species and a state listed species of concern 

• Chinook salmon— federally listed threatened species and a state listed species of concern 

• Coho salmon—federal candidate species. 

If a project affects an endangered species of plant or wildlife, it should include mitigating measures to 
reduce the impact.  

Magnuson-Stevens Fishery Conservation and Management Act 
In December 1998, the National Marine Fisheries Service (which has since been renamed as NOAA 
Fisheries) issued interim final regulations to implement the essential fish habitat (EFH) requirements of 
the 1996 Sustainable Fisheries Act. This act significantly amended the Magnuson-Stevens Fishery 
Conservation and Management Act of 1976. 

The amended Magnuson-Stevens Act requires the following: for federal actions that may adversely affect 
EFH, except activities covered by a General Concurrence, federal agencies must provide a written 
assessment of the effects of that action on EFH. EFH is defined as “waters and substrate necessary to fish 
for spawning, breeding, feeding, or growth to maturity.” EFH must always include the critical habitat of 
endangered and threatened species.  

United States Navy Seaplane Lagoon Lease Agreement 
In addition to the City of Oak Harbor’s rotating biological contactor (RBC) treatment plant, the City 
operates and maintains, under a lease agreement with the U.S. Navy, a second treatment plant on East 
Pioneer Avenue, on the Seaplane Base portion of NAS Whidbey. This leased plant is an aerated lagoon 
facility with anaerobic pretreatment that is owned by the U.S. Navy. A copy of the lease agreement is 
included in Appendix A. The U.S. Navy owns, operates and maintains the collection system serving the 
Navy base, which conveys flows to the lagoon treatment plant. 
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STATE POLICIES AND REGULATIONS 
As allowed under the Clean Water Act, Washington State has developed requirements for surface water 
quality that are more stringent than those developed by the federal government. Ecology administers the 
NPDES wastewater and stormwater permits and has requirements relating to protection of ground and 
surface waters. 

Agencies other than Ecology can have involvement in construction and operation of facilities located in 
critical areas. The Washington State Department of Fish and Wildlife (WDFW) has involvement in cases 
involving fish-bearing streams. In addition, the Washington State Department of Natural Resources 
(DNR) has authority for facilities to be constructed on tidelands or along shorelines.  

Water Quality Standards for Surface Waters 
The Department of Ecology adopted water quality standards that became officially effective on December 
21, 2006.  General conditions listed in the 2006 standards are as follows (WAC 173-201A-010): 

• All surface waters are protected by narrative criteria, designated uses, and an antidegradation 
policy. 

• Based on the use designations, numeric and narrative criteria are assigned to a water body to 
protect the existing and designated uses. 

• Where multiple criteria for the same water quality parameter are assigned to a water body to 
protect different uses, the most stringent criteria for each parameter are to be applied. 

• Surface waters of the state include lakes, rivers, ponds, streams, inland waters, saltwaters, 
wetlands, and all other surface waters and water courses within the jurisdiction of the state of 
Washington. 

Fresh Waters 
No freshwater streams in the study area for this sewer plan are specifically designated in the 2006 
standards, so the following general designations apply: 

• All surface waters of the state not individually designated are to be protected for the 
following uses:  

– Salmon and trout spawning, rearing, and migration 

– Primary contact recreation 

– Domestic, industrial, and agricultural water supply 

– Stock watering 

– Wildlife habitat 

– Harvesting 

– Commerce and navigation 

– Boating 

– Aesthetic values.  

• All lakes with a mean detention time greater than 15 days and all feeder streams to lakes are 
to be protected for the following uses: 

– Salmon and trout spawning, core rearing, and migration 
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– Extraordinary primary contact recreation 

Table 4-4 lists water quality standards that apply for surface waters in the study area. 
 

TABLE 4-4. 
WASHINGTON STATE FRESHWATER WATER QUALITY CRITERIA (WAC 173-201A) 

Water Quality Parameter Requirement 

Fecal coliform Primary Contract Recreation: Shall not exceed a geometric mean value of 100 
colonies/100 ml, and shall not have more than 10% of all samples obtained for 
calculating the geometric mean value exceeding 200 colonies/100 ml. 
Extraordinary Primary Contract Recreation: Shall not exceed a geometric mean 
value of 50 colonies/100 ml, and shall not have more than 10% of all samples obtained 
for calculating the geometric mean value exceeding 100 colonies/100 ml. 

Dissolved Oxygen Salmon and trout spawning, noncore rearing, and migration: Shall exceed 8.0 mg/L 
Salmon and trout spawning, core rearing, and migration: Shall exceed 9.5 mg/L 

Total Dissolved Gas Shall not exceed 110 percent of saturation 

Temperature Salmon and trout spawning, noncore rearing, and migration: Shall not exceed 
17.5°C due to human activities.  
Salmon and trout spawning, core rearing, and migration: Shall not exceed 16.0°C 
due to human activities.  
When natural conditions exceed the temperature criteria, no temperature increases will 
be allowed that increase temperature by more than 0.3°C. 

pH Salmon and trout spawning, noncore rearing, and migration: 6.5 to 8.5, with 
human-caused variation of less than 0.5 units 
Salmon and trout spawning, core rearing, and migration: 6.5 to 8.5, with human-
caused variation of less than 0.2 units 

Turbidity Shall not exceed 5 NTU (nephelometric turbidity units) over background when 
background is 50 NTU or less, or have more than a 10% increase in turbidity when the 
background turbidity is more than 50 NTU. 

Toxic or Radioactive 
Substances 

Toxic, radioactive, or deleterious material concentrations must be below those which 
have the potential, either singularly or cumulatively, to adversely affect characteristic 
water uses, cause acute or chronic conditions to the most sensitive biota dependent upon 
those waters, or adversely affect public health. Specific criteria per WAC 173-201A-
240, 173-201A-250 

Aesthetic Values Shall not be impaired by the presence of materials or their effects, excluding those of 
natural origin, which offend the senses of sight, smell, touch, or taste. 

 

Marine Waters 
Ecology classifies Saratoga Passage and Skagit Bay, the marine waters east of Oak Harbor, for the 
following designated uses (WAC 173-201A-610): 

• Aquatic life uses—excellent quality 

• Shellfish (clam, oyster and mussel) harvest 
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• Primary contact recreation 

• Wildlife habitat 

• Harvesting (salmonid and other fish; crustacean and other shellfish) 

• Commerce and navigation 

• Boating 

• Aesthetics. 

Table 4-5 lists water quality standards that apply for marine waters in the study area. 

 

TABLE 4-5. 
WASHINGTON STATE MARINE WATER QUALITY CRITERIA  

(EXCELLENT QUALITY AQUATIC LIFE USES; SHELLFISH HARVEST) 

Water Quality Parameter Requirement 

Fecal coliform Shellfish Harvest and Primary Contact Recreation: Shall not exceed a 
geometric mean value of 14 colonies/100 ml, and shall not have more than 10% 
of all samples obtained for calculating the geometric mean value exceeding 43 
colonies/100 ml. 
 

Dissolved Oxygen Shall exceed 6.0 mg/L 
Temperature Shall not exceed 16.0°C due to human activities.  

When natural conditions exceed the temperature criteria, no temperature 
increases will be allowed that increase temperature by more than 0.3°C. 

pH 7.0 to 8.5, with human-caused variation of less than 0.5 units 
Turbidity Shall not exceed 5 NTU (nephelometric turbidity units) over background when 

background is 50 NTU or less, or have more than a 10% increase in turbidity 
when the background turbidity is more than 50 NTU. 

Toxic or Radioactive 
Substances 

Toxic, radioactive, or deleterious material concentrations must be below those 
which have the potential, either singularly or cumulatively, to adversely affect 
characteristic water uses, cause acute or chronic conditions to the most sensitive 
biota dependent upon those waters, or adversely affect public health. Specific 
criteria per WAC 173-201A-240, 173-201A-250 

Aesthetic Values Shall not be impaired by the presence of materials or their effects, excluding 
those of natural origin, which offend the senses of sight, smell, touch, or taste. 

Source: Chapter 173-201A WAC 

Anti degradation 
The 2006 water quality standards emphasize anti degradation. All actions that may have an impact on the 
existing quality of a water body will require the project proponent to assess whether the project will have 
a measurable impact (called a Tier II analysis). A tier II analysis will be a required component of any 
facility plan the City develops for a new treatment plant or for a treatment plant expansion.   
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Department of Natural Resources Aquatic Lands Outfall Easement 
The Washington State Department of Natural Resources (DNR) has granted an easement of aquatic land 
to the City of Oak Harbor for the lagoon treatment plant’s outfall. This 30-year easement agreement 
commenced on January 1, 2000 and terminates on December 31, 2030 and includes the stipulation that 
the City make progress toward reducing discharges through the outfall. At this time, the City does not 
have an easement for the RBC treatment plant’s outfall, but an easement may be required in the future. A 
copy of the lagoon outfall easement agreement is included in Appendix B. 

NPDES Wastewater Permit 
The State of Washington administers the federal NPDES effluent limitations. All wastewater discharges 
into the waters of the state, including treated effluent from treatment plants, must be permitted through the 
Department of Ecology with an NPDES permit. The City’s current NPDES permit, issued on May 25, 
2005, applies to both of the City’s wastewater treatment plants. A copy of the permit is included in 
Appendix C.  

Influent Limits 
The NPDES permit identifies the following rated capacity for influent wastewater flow to the City’s 
treatment plants:  

• RBC plant 

– Average flow for the maximum month = 0.7 million gallons per day (mgd) 

– BOD5 loading for the maximum month = 2,000 pounds per day (ppd) 

• Lagoon plant 

– Average flow for the maximum month = 2.5 million gallons per day (mgd) 

– BOD5 loading for the maximum month = 4,580 pounds per day (ppd) 

– TSS loading for the maximum month = 5,130 pounds per day (ppd) 

Effluent Limits 
Currently effluent discharges through the RBC Plant and Seaplane Lagoon outfalls are regulated by 
technology-based effluent limits that require secondary treatment. Under standard secondary treatment 
limits effluent BOD and TSS concentrations must not exceed 30 mg/L. However, both Oak Harbor 
treatment plants qualify for exceptions to this regulation, and they are regulated by alternative secondary 
treatment effluent limits.  

• The alternative effluent limits for the RBC Plant require monthly average effluent CBOD 
(carbonaceous BOD) to be 25 mg/L or less and TSS to be 30 mg/L or less. 

• The alternative effluent limits for the Seaplane Lagoon require monthly average CBOD to be 
25 mg/L or less and TSS to be 75 mg/L or less.  

CBOD limits are used rather than BOD limits because lagoons and RBCs generally remove less 
nitrogenous oxygen demand than standard secondary plants, which causes the treatment plants to 
exceed the standard 30-mg/L limit for BOD. 

Alternative TSS limits are used because lagoons remove less TSS than standard secondary treatment. 
Alternative TSS limits typically are only allowed for average flows up to 2 mgd from lagoons (see 
WAC 173-221-050(2), in Appendix D); however the NPDES permit for the Seaplane Lagoon allows 
average discharges up to 2.5 mgd at alternative secondary treatment limits. The 2.5-mgd limit appears 
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to have been set when Ecology approved the engineering report for the lagoon upgrade in 1987, 
months before the 2-mgd limit was formally established in the WAC (11/12/87). As long as the 
lagoon-based system is not expanded to treat more flow, the alternative limits will remain.  If the 
lagoon-based system is expanded then the entire system must meet standard secondary limits.  

Table 4-6 summarizes effluent limits established in the NPDES permit.  

 

TABLE 4-6. 
NPDES PERMIT LIMITS 

Parameter 
Outfall from RBC 
Treatment Plant 

Outfall from Lagoon 
Treatment Plant 

Carbonaceous Biochemical Oxygen Demand (5-day) 
Max. Average Monthly Concentration  25 mg/L 25 mg/L 
Max. Average Monthly Load 146 ppd 521 ppd 
Min. Average Monthly Removal of Influent Load 85% 85% 
Max. Average Weekly Concentration  40 mg/L 40 mg/L 
Max. Average Weekly Load 233 ppd 834 ppd 

Total Suspended Solids 
Max. Average Monthly Concentration  30 mg/L 75 mg/L 
Max. Average Monthly Load 175 ppd 1,564 ppd 
Min. Average Monthly Removal of Influent Load 85% 65% 
Max. Average Weekly Concentration 45 mg/L 110 mg/L 
Max. Average Weekly Load 263 ppd 2,294 ppd 

Fecal Coliform Bacteria 
Max. Average Monthly Concentration 200/100 mL 200/100 mL 
Max. Average Weekly Concentration 400/100 mL 400/100 mL 

Daily pH   
Minimum 6 6 
Maximum 9 9 

Total Residual Chlorine 
Max. Average Monthly Concentration 0.114 mg/L 0.5 mg/L 
Max. Daily Concentration 0.26 mg/L 0.75 mg/L 

Acute Toxicity — No toxicity in 1% 
effluent 

Other Special Conditions 
The NPDES permit includes additional conditions relating to facility operation and maintenance and 
planning for maintaining adequate capacity. There are also conditions governing the City’s ability to 
accept industrial wastewater and requirements to evaluate infiltration and Inflow, report overflows and 
bypasses and more. See all the special conditions in the permit in Appendix C.  
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NPDES Stormwater Permit 
Construction projects recommended in this sewer plan that disturb more than 1 acre will require a 
construction general permit for stormwater discharge under NPDES requirements. Mitigation measures 
are required, including preparation of a stormwater pollution prevention plan. During construction, 
temporary erosion and sediment control measures are required. City policy will determine whether the 
permit is secured by the City or construction contractor. 

Washington State Standards for Use and Disposal of Sludge 
WAC 173-308, Biosolids Management, establishes guidelines for treatment and land application of 
biosolids generated by municipal wastewater treatment facilities. These mirror the federal guidelines in 
40 CFR 503 that are described earlier in this chapter. The state Department of Ecology has authority to 
enforce these rules and may, if it chooses, delegate some of the authority to local health departments. 

Washington Department of Ecology Criteria for Sewage Works Design 
The Ecology-developed Criteria for Sewage Works Design (Ecology 2008), also known as the Orange 
Book, is a guide for design of sewage collection and treatment systems. Any projects initiated under the 
authority of this comprehensive sewer plan must conform to the most recent revision of the Orange Book 
that is available at the time the project is designed. The latest version of the Orange Book is available on 
the internet at www.ecy.wa.gov/pubs/9837.pdf.   

The primary goals of the manual are as follows: 

• To ensure that the design of sewage collection and treatment systems is consistent with state 
public health and water quality objectives  

• To establish a basis for the design and review of plans and specifications for sewage 
treatment works and sewerage systems 

• To establish the minimum requirements and limiting factors for review of sewage treatment 
work and sewerage system plans and specifications 

• To assist the owner or the owner’s authorized engineer in the preparation of plans, 
specifications, reports, and other data 

• To guide departments in their determination of whether to issue approvals, permits, or 
certificates for sewage treatment works or sewer systems. 

Ecology uses the Orange Book design guidelines to review and approve reports, plans, and specifications. 
Design guidelines presented in this book will be used to evaluate the capacity of the proposed treatment 
facility and to establish design criteria for this comprehensive sewer plan. The Orange Book also presents 
guidelines for wastewater treatment component design, including the number of units required for 
operation during peak flows. In general, state requirements follow the federal requirements outlined in 
Table 4-3. The state reliability classification scheme is shown in Table 4-7. The wastewater facilities 
proposed in this sewer plan and engineering report will comply with the EPA and Ecology Class II 
reliability criteria. 
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TABLE 4-7. 
RELIABILITY CLASS SYSTEM IN THE ORANGE BOOK 

Reliability Class Applies to 

I Works whose discharge, or potential discharge, (1) is into public water supply, 
shellfish, or primary contact recreation waters, or (2) as a result of its volume and/or 
character, could permanently or unacceptably damage or affect the receiving waters or 
public health if normal operations were interrupted. 

II Works whose discharge, or potential discharge, as a result of its volume and/or 
character, would not permanently or unacceptably damage or affect the receiving waters 
or public health during periods of short-term operations interruptions, but could be 
damaging if continued interruption of normal operations were to occur (on the order of 
several days). 

III Works not otherwise classified as Reliability Class I or II. 

 

Standards for Water Reclamation 
The Washington State Departments of Health and Ecology jointly released a set of standards for 
wastewater reclamation projects in September 1997. The Water Reclamation and Reuse Standards 
describe the treatment and quality requirements for a variety of end uses. Four basic classes of reuse 
quality are listed, along with their suitability for various end uses. The four classes vary from Class A 
(highest quality) to Class D (lowest quality). For uses such as groundwater recharge or direct injection 
into a drinking water aquifer, there are more stringent standards than any of these four classes. Landscape 
irrigation requires Class A reclaimed water, which is defined as follows: 

 “Class A Reclaimed Water” means reclaimed water that, at a minimum, is at all times an 
oxidized, coagulated, filtered, disinfected wastewater. The wastewater shall be considered 
adequately disinfected if the median number of total coliform organisms in the wastewater 
after disinfection does not exceed 2.2 per 100 milliliters, as determined from the 
bacteriological results of the last 7 days for which analyses have been completed, and the 
number of total coliform organisms does not exceed 23 per 100 milliliters in any sample. 

If surface percolation is used for land application, a nitrogen removal step is required in addition to other 
Class A requirements. 

The Water Reclamation and Reuse Standards also list requirements for redundancy, including redundant 
filtration and disinfection equipment. Storage requirements are also listed, including emergency storage 
and wintertime storage. 

On-Site Sewage RequirementsOn-site septic systems or on-site sewage systems (OSS) are the most 
common methods of wastewater treatment for homes, commercial establishments, and other places that 
are not connected to a public sewer system. An on-site sewage system consists of a network of pipes, a 
septic tank, and a drainfield, and provides subsurface soil treatment and dispersal of sewage. Properly 
functioning on-site sewage systems protect public health and the environment by preventing untreated 
wastewater from coming into contact with people, ground, or surface water.  

On-site sewage systems are regulated and characterized by wastewater flows. Smaller on-site sewage 
systems are designed for flows up to 3,500 gallons per day (gpd). The State Board of Health promulgates 
rules for these systems and the local health jurisdictions have the authority for implementation and 
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approval. Large on-site sewage systems (LOSS) dispose of 3,500 to 100,000 gallons of wastewater per 
day. 

The Departments of Ecology (Ecology) and Health (DOH) have regulatory jurisdiction over large on-site 
sewage systems. Ecology and DOH have split jurisdiction over the management of LOSS disposing of 
3,500 to 14,500 gpd; Ecology manages mechanical systems and DOH handles non-mechanical systems. 
Ecology has regulatory authority for all systems over 14,500 gpd. 

Legislation passed in 2007 revises the jurisdiction for large on-site systems.  State Bill 5894 requires 
DOH to issue operating permits and develop standards for all newly-defined LOSS by July 1, 2009. The 
legislation re-defines large on-site sewage systems as systems disposing of 3,500 to 100,000 gpd of 
wastewater. Also under the new legislation LOSS may include mechanical treatment and may not be used 
for treatment and disposal of industrial wastewater or combined sanitary sewer and storm water 
systems 

Joint Aquatic Resources Permit 
If construction will be performed in any state waterways, a joint aquatic resources permit application 
(JARPA) may need to be prepared. To promote efficiency and reduce overlap, state agencies and the U.S. 
Army Corps of Engineers developed the JARPA, which can be submitted for the following permits:  

• WDFW’s Hydraulic Project Approval (HPA) 

• Local agency shoreline management permits 

• Department of Ecology Water Quality Certification and Approval for Exceedance of Water 
Quality Standards  

• Corps of Engineers Section 404 and Section 10 Permits  

• Marine and aquatic lease. 

State Environmental Policy Act 
A State Environmental Policy Act (SEPA) review is required upon completion of this comprehensive 
sewer plan, and the SEPA Checklist is included in Appendix E. A SEPA review is an environmental 
checklist or an environmental report completed to ensure that there are no adverse environmental impacts 
from proposed projects. The City of Oak Harbor will issue a threshold determination as to whether 
significant environmental impact may be expected for implementation of the recommendations in this 
plan. This determination will be sent to Ecology for concurrence.  

State Environmental Review Process; Department of Ecology 
Documentation 
To be eligible for financial assistance from the State Water Pollution Control Revolving Fund, this plan 
must comply with the State Environmental Review Process (SERP; WAC 173-98-100). The SERP was 
established “to help ensure that environmentally sound alternatives are selected and to satisfy the state’s 
responsibility to help ensure that recipients comply with the National Environmental Policy Act and other 
applicable environmental laws, regulations, and executive orders.” Development of this comprehensive 
sewer plan included an extensive public involvement program and environmental documentation, and 
these efforts fully satisfy SERP.  

In addition, the Department of Ecology has adopted a set of requirements for environmental 
documentation in coordination with USDA Rural Development. Requirements include sending out a 
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project description and summary of the proposed action to applicable regulatory agencies and requesting 
input and comments regarding the proposed action.  

Office of Archaeology and Historic Preservation Approval 
Cultural resources are addressed in over 100 federal laws, regulations, and guidelines, including the 
National Environmental Policy Act of 1969 (NEPA) and the National Historic Preservation Act of 1966, 
amended in 1992 (NHPA). Section 106 of the NHPA requires federally assisted undertakings to take into 
account the effects of those undertakings on historic properties that are included in or may be eligible to 
be included in the National Register of Historic Places. “Historic properties” refers to prehistoric 
archaeological sites as well as buildings, structures, and other historic sites. 

Applicable state laws include the Indian Graves and Records Act (RCW 27.44), which prohibits 
knowingly disturbing a Native American or historic grave, and the Archaeological Sites and Resources 
Act (RCW 27.53), which requires that anyone proposing to excavate into, disturb, or remove artifacts 
from an archaeological site on public or private lands obtain a permit from the Office of Archaeology and 
Historic Preservation. 

Three elements are involved in cultural resources studies: 

• The identification and evaluation of historic properties. 

• Assessment of effects of the proposed undertaking on historic properties. 

• Consultation among principal parties to consider ways to avoid, reduce, or mitigate adverse 
effects. 

The first element, identification and evaluation, is of most concern at the beginning stages of projects. 
Methods for identification of historic properties consist of archival research, field survey, and 
consultation. 

Archival research, including a check of the Washington state site inventory and records at the Office of 
Archaeology and Historic Preservation (OAHP), is conducted prior to any field activity in order to 
determine if sites are already recorded in the project area or its vicinity. Other information is collected 
from ethnographic and historic accounts, previous regional cultural resource investigations, informants, 
maps, photographs, and environmental information. Research to determine the age of landforms involved 
and the extent of modern disturbance are especially important. Locations of archaeological sites may be 
identified by this process. The potential for buried and hence undiscovered sites, or uplifted former 
shorelines favorable for habitation, may also be determined. Field visits are made after completion of the 
background research to verify field conditions, discuss construction locations and methods, and to 
identify historic properties. The results of these investigations are presented in a report for submittal to 
appropriate agencies and tribes. The report includes recommendations for dealing with any sites 
discovered, additional discovery measures, if necessary, monitoring high-potential locations, and a 
Discovery Plan to be enacted in the event archaeological material is encountered during construction. 

LOCAL POLICIES 
City Sewer Regulations 
City regulations pertaining to sewers are outlined in Title 14 of the Oak Harbor Municipal Code. The 
code identifies the following as important considerations related to the City’s sewer system (Oak Harbor 
Municipal Code 14.01.010): 

• Where sewers are available, hookup shall be mandatory. 
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• Requirements and rates should be made as uniform as is reasonably practical so that each 
customer bears its proportionate share of the costs of operation. 

• It is necessary to prevent introduction of pollutants and materials into the Oak Harbor sewer 
system that will interfere with operation of the sewage treatment plants or inhibit or prevent 
flow of sewage along sewer lines or through pump stations. 

• It is necessary to prevent introduction of pollutants into the Oak Harbor sewer system that 
will pass into receiving water inadequately treated or otherwise be incompatible with the Oak 
Harbor sewer system. 

• It is necessary to ensure compliance with all applicable statutes and regulations with regard to 
biosolids disposal. 

• It is necessary to ensure that the general public is protected from dangerous materials being 
disposed of in the sewage collection and treatment process. 

• It is necessary to provide a safe environment for personnel working in the Oak Harbor sewer 
system. 

• To lower costs of operation, it is desirable to ensure that waste products be recycled. 

• Properties being added to the Oak Harbor sewer system should pay a proportionate share of 
costs of sewer facilities to serve the property. 

The City code also establishes it as a policy that sewer connections shall not be allowed outside the city 
limits except in areas designated by written resolution as a sewer service area (Oak Harbor Municipal 
Code Chapter 14.25). 

SEPA Review 
The City of Oak Harbor has adopted by reference the policies of the State Environmental Policy Act (Oak 
Harbor Municipal Code 20.04.010). The City can deny or condition actions within the city limits to 
mitigate or prevent adverse environmental impacts. For the implementation of any work proposed in this 
sewer plan, the City of Oak Harbor, as lead agency, will issue a threshold determination of likely 
environmental impact. A copy of the SEPA checklist for the projects recommended in this report is 
included in Appendix E. 

If the City determines that there will be no probable significant adverse environmental impacts from the 
projects proposed or that the impacts would be properly mitigated, the lead agency would prepare and 
issue a “determination of nonsignificance” (DNS) or “mitigated determination of nonsignificance” 
(MDNS). A “determination of significance” (DS), which acknowledges the potential for significant 
environmental impacts, would require an environmental impact statement (EIS) that describes existing 
conditions, addresses and evaluates alternatives, analyzes potential environmental impacts and addresses 
mitigation measures.  

Shoreline Management 
Under Chapter 19.56 of the Oak Harbor Municipal Code, all development activities in shoreline areas of 
the City must conform to the Oak Harbor Shoreline Master Program.  

Stormwater Regulations 
The design and construction of capital improvements recommended in this sewer plan must comply with 
the stormwater regulations outlined in Title 12 of the Oak Harbor Municipal Code. Construction may 
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require an erosion and sediment control plan or a permanent stormwater quality control plan (Oak Harbor 
Municipal Code 12.30.130). The City has adopted by reference the Washington Department of Ecology’s 
Storm Water Management Manual for the Puget Sound Basin (Oak Harbor Municipal Code 12.30.310). 

Critical Areas Regulations 
The design and construction of capital improvements recommended in this sewer plan must comply with 
the regulations for environmentally sensitive areas outlined in Title 20 of the Oak Harbor Municipal 
Code. No action shall be taken that results in any alteration of a critical area except as consistent with the 
purposes, requirements, objectives and goals of this title. The Oak Harbor Critical Areas Atlas provides a 
guide for identifying the approximate location and extent of critical areas. 

Local Building Codes and Permits 
All new construction must abide by City and County building codes and required permits. 

County Requirements for Archeological Sites 
Island County maintains a current inventory of all known and suspected historical and archaeological 
sites. Developers should check with the Department of Community Development to determine whether a 
particular project within the proximity of a shoreline is located within a historical or archaeological site. 
For such sites, County regulations require that a professional archaeologist evaluate the site to determine 
potential impacts and recommend mitigation. Local tribal authorities must be contacted if human remains 
or historical or archaeological resources are encountered. Tribal addresses and telephone numbers include 
the following: 

Tulalip Tribes (South Whidbey) 
7615 Totem Beach Road 
Marysville, WA 98271 
Natural Resources Office: 
(360) 651-4480 
(360) 651-4490 (fax) 

Swinomish Tribal Community (North Whidbey and Camano) 
11404 Moorage Way 
LaConner, WA 98257 
(360) 466-1236 
(360) 466-1615 (fax) 
lcampbel@cnw.com (email) 

Northwest Clean Air Agency 
The Northwest Clean Air Agency (NWCAA) regulates construction and modification of potential air 
contaminant sources in Island, Skagit and Whatcom Counties. The Agency must be notified of 
construction projects so that it may review whether a permit is required; review requirements are outlined 
in Section 300 of the NWCAA regulations. Activities exempt from review include the following 
wastewater-related activities: 

• Septic sewer systems, not including active wastewater treatment facilities 

• NPDES permitted ponds and lagoons used solely for the purpose of settling suspended solids 
and skimming of oil and grease 

• Sewer manholes, junction boxes, sumps and lift stations associated with wastewater treatment 
systems. 

Uniform Fire Code 
County fire officials have authority to enforce the national Uniform Fire Code (UFC). Article 80 of the 
UFC identifies required measures to prevent, control, and mitigate dangers related to the use and storage 
of hazardous chemicals. 
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Development Standards 
All new construction must comply with the City of Oak Harbor’s Development Standards. Section 4 of 
these standards addresses sanitary sewer development standards and is included in Appendix F. 



 

CHAPTER 5. 
COLLECTION SYSTEM DESIGN CRITERIA AND FLOWS 

 

DESIGN CRITERIA 
Collection system design criteria used for this comprehensive sewer plan are developed from the City of 
Oak Harbor’s 2006 Development Standards, the Department of Ecology’s Criteria for Sewage Works 
Design (also known as the Orange Book), the City of Oak Harbor Comprehensive Plan, and data provided 
by City staff. Where design or construction requirements conflict, or information is omitted, design 
criteria are selected based on the following order of preference:  

1. City of Oak Harbor Development Standards 

2. City of Oak Harbor Municipal Code 

3. The current version of WSDOT and APWA Standard Specifications for Road, Bridge, and 
Municipal Construction 

4. The Orange Book. 

The City’s 2006 Development Standards set requirements for the design and construction of sewage 
collection systems. A copy of the City’s standards for sanitary sewers is included in Appendix F. Key 
standards include the following: 

• Within the corporate City limits where a public sewer is available it must be used except as 
allowed by the Oak Harbor Municipal Code (OHMC) 14.03.060. “Available” will generally 
mean there is a main within 200 feet of the property to be served. If there is no main along the 
property frontage, the main shall be extended to and along the property frontage. 

• For existing lots, new septic systems within the Oak Harbor City limits are not allowed if 
public sewer is available for connection. New lots created through a subdivision, short plat or 
other land use action shall provide sewer connection to each new lot. 

• The design of any sewer extension/connection shall conform to City Standards and the 
Orange Book. 

• As required by OHMC 14.03.070 the layout of extensions shall provide for future 
continuation of the existing system as determined by the City. Sewer mains shall extend the 
entire front footage of each lot to be served except where there is no possible future extension 
as determined by the City Engineer. 

• New gravity systems shall be designed on the basis of an average daily flow of sewage not 
less than 65 gallons per capita per day (65 gpcd). Consideration shall be made for infiltration 
and inflow. A peaking factor of 2.11 should be used for major sewerage areas. Other 
guidelines and peaking factors and design flows are contained in the Orange Book. 

• When deviations from the foregoing per-capita rates and peaking rates are used, a description 
of the procedure used for sewer design shall be submitted to the City’s Engineering Division 
for review and approval. 

• Construction of new sewer systems or extensions of existing systems will be allowed only if 
the existing receiving system is capable of supporting the added hydraulic load. 

• Collection and interceptor sewers shall be designed and constructed for the ultimate 
development of the tributary areas. 
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• Sewer systems shall be designed and constructed to achieve total containment of sanitary 
wastes and maximum exclusion of infiltration and inflow. 

• Computations and other data used for design of the sewer system shall be submitted to the 
City for approval. 

• All sewers shall be designed to prevent damage from superimposed loads. Proper allowance 
for loads on the sewer because of the width and depth of trench should be made. When 
standard-strength sewer pipe is not sufficient, extra-strength pipe shall be used. 

• Minimum size for sewer mains is 8 inches in diameter. For pipe diameters 12 inches or less 
and depths up to 15 feet, all gravity sewer pipe shall be PVC, ASTM D 3034 SDR 35. 
Material for all other diameters, depths or other special conditions, shall be appropriate for 
the application, must be approved by the City Engineer, and may include: PVC, ductile iron, 
concrete, vitrified clay, ABS, or polyethylene. 

• Precast manholes shall be provided at a maximum of 400-foot intervals, at intersections, and 
at changes in direction, grade, or pipe size. Minimum manhole diameter is 48 inches. 

• Pipes should be designed with slopes no less than those listed in Table 5-1. 

 

TABLE 5-1. 
MINIMUM SLOPES FOR A SELECTION OF 

SEWER PIPE DIAMETERS 

Pipe Diameter 
(inches) Minimum Slope (feet/foot) 

8 0.0040 
10 0.0028 
12 0.0022 
15 0.0015 
18 0.0012 
21 0.0010 

Source: Ecology Orange Book 1998 

 

• Pump systems shall be designed in accordance with the Orange Book. The number of pumps 
shall not be less than two. Where only two pumps are provided, they shall be of the same 
type, size and capacity. The minimum size of force mains shall be 4 inches. 

Applications to serve property with privately operated pressure facilities such as grinder pump stations 
require special review and approval by the City. The City is currently reviewing design and contractual 
requirements associated with these facilities. 

PROJECTED BASE FLOWS 
Sewage base flows were estimated for 2005, 2011, 2025 and long-term growth conditions (maximum 
development of the sewer service area as allowed by existing zoning) within the City proper. For the 
purposes of the collection system analysis the base flow was subdivided into three component sources: 
residential; commercial; and schools. 
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The flow contribution from each source was examined in order to determine average unit flows. These 
were used in conjunction with peaking factors and the inflow and infiltration (I/I) contribution to facilitate 
geographic distribution of flow-loading for the collection system capacity analysis detailed in Chapter 7. 
The derivation of these unit flows, peaking factors and I/I contribution is detailed in the following 
sections. 

For the treatment plant capacity analysis, detailed in Chapter 8, where the geographic distribution of flow-
loading was not relevant, base flow was not divided into components but treated on a per capita basis. 

Residential Unit Flow 
Residential flows were determined using zoning and population projections developed by Tt/KCM and 
City staff. Residential zoning includes Single Family Residential (R-1), Limited Multiple Family 
Residential (R-2), Multiple Family Residential (R-3), and Multiple Family Residential (R-4). 
Development density varies among these categories and is summarized in Table 5-2.  

 

TABLE 5-2. 
ALLOWABLE RESIDENTIAL DEVELOPMENT 

DENSITIES 

Zoning Designation Units per Acre 

R-1 Single Family 3-6 
R-2 Limited Multi-Family 3-12 
R-3 Multi-Family 6-16 
R-4 Multi Family 12-22 

   

Source: City of Oak Harbor Comprehensive Plan 

 

An existing residential unit flow of 50 gpcd was calculated based on 2004 winter water use data and 
actual population provided by the City. Winter data was used because virtually all water used during this 
time is discharged to the sewers. This figure was validated by wastewater flow data and was therefore 
used for planning purposes rather than the estimate of 65 gpcd used in the previous Comprehensive Plan 
and incorporated into current development standards; the 50 gpcd value is based on more recent data. 

The City’s estimate of average household size in 2005 was 2.69 persons, down from the 2.88 persons 
reported in the 1990 census and slightly lower than the 2.70 persons reported in the 2000 census. 

Commercial Unit Flow 
Commercial properties contribute significant daily wastewater flows. Zoning in this category includes 
Neighborhood Commercial, Central Business District, Community Commercial, Auto Industrial 
Commercial, Highway Corridor Commercial, Planned Business Park, Planned Industrial Park, Industrial, 
and Residential Office. Public zoned areas, except schools and open areas such as parks and cemeteries, 
were also considered to contribute to the commercial flows. 

2004 wet-weather water consumption records for commercial customers was examined to determine 
average commercial flows. By comparing this total to an estimate of developed commercial area served 
by the collection system, a unit value of approximately 500 gallons per acre per day (gpad) was 
determined. Due to the availability of commercial land, it was assumed that this estimate would remain 
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appropriate for the duration of the 20-year planning horizon. However, it is projected that, as commercial 
development reaches saturation, this unit flow will increase to 1,500 gpad. 

School Unit Flow 
Oak Harbor’s sewer system serves School District #201, which consists of one high school, two middle 
schools, six elementary schools and one alternative high school. Crescent Harbor Elementary is located 
on the Seaplane Base and Clover Valley Elementary is located at NAS Ault Field. The City’s 
Comprehensive Plan estimates a 2004 enrollment of about 6,000 students in grades K-12. Historical water 
consumption records for these facilities, provided by the City, were reviewed and a representative value 
was determined for each school. 

For design purposes the Orange Book indicates rates of 10 gpd per student in grade schools and junior 
high schools, and 16 gpd per student for high schools. 

Base Flow Peaking Factors 
Wastewater base flows vary over the course of each day in accordance with water usage and over the 
course of the year as influenced by tourism, seasonal employment, and other factors. Short duration peak 
flows (peak-hour) may occur at any time of the day throughout the year for various reasons. Sewer 
system facilities must have sufficient capacity to handle peak-hour flows. 

Peaking factors for base flows are estimated based on Figure 5-1, which is from Ecology’s Orange Book. 
For the City’s 2005 population of 22,200, the graph gives a peak-hour peaking factor of 2.6, which means 
the peak-hour flow would be approximately 2.6 times the average daily flow. For planning purposes, a 
factor of 3.0 was used to estimate peak-hour base flows in the main sewer lines in the existing system, 
similar to the approach used in the 1997 Comprehensive Sewer Plan. For future design of infrastructure 
serving smaller service areas, higher peaking factors may be required. 

INFILTRATION AND INFLOW 
Infiltration is groundwater seepage into a sewer collection system through fractured or defective pipes, 
leaking pipe joints, and manhole walls. The daily volumes of groundwater infiltration fluctuate due to 
seasonal changes in groundwater depths and can range from almost non-existent flows in late summer to 
very high sustained flows during the wet spring months. Under the latter case, high infiltration flow 
volumes can be attributed not only to the depth of groundwater over the collection system, but also to the 
fact that a much greater proportion of the system is submerged. Infiltration from private side sewer 
laterals is generally acknowledged as one of the most significant contributors to this flow source, 
particularly in older systems. 

Inflow is water entering the sewer collection system from street and area drains, catch basins, manhole 
covers, roof downspouts, and building foundation drains.  

New Sewers 
Infiltration and inflow (I/I) rates in new sewers are estimated based on unit I/I flow rates that have been 
used for many years to plan municipal sewer systems in the Puget Sound region. The unit rate used for 
maximum-month I/I flow is 400 gpad. The peak-day I/I rate is 900 gpad, and the peak-hour I/I rate is 
1,100 gpad. The City needs to rigorously inspect construction of all new mainline sewers and side sewers 
to ensure that these I/I rates are achieved. Careful sewer construction is needed even with use of modern 
pipes and manholes with O-ring gaskets or welded plastic joints.  
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Figure 5-1. Ratio of Peak-Hour Flow to Design Average Flow 

Existing Sewers 
City staff indicated that there are no areas served by a combined sewerage system. However, the older 
sewered area bounded by SR 20, Whidbey Avenue, Regatta Street and the shoreline was noted as 
receiving more I/I than more recently developed areas to the north and west. 

An investigation of available flow meter data was undertaken in order to examine the relationship 
between the inflow and infiltration components of I/I, to identify the month with maximum I/I and to 
estimate the peak-day and peak-hour I/I rates. Flow meter data was available for the RBC Plant, the 
headworks to the Seaplane Lagoon treatment plant and the inflows to the Seaplane Base.  

Relationship of Inflow and Infiltration 
To examine the relationship between inflow and infiltration, the correlation between rainfall and total 
flow was studied. Figure 5-2 shows daily rainfall totals versus daily total flows and indicates a relatively 
weak relationship between the two variables. In contrast, Figure 5-3 shows a strong correlation between 
the 30-day rainfall total and the 30-day rolling average total flow. It was therefore concluded that 
infiltration due to elevated groundwater levels is the more significant component of I/I in the City. 

Maximum Month I/I  
Maximum-month I/I rates were based on 30-day rolling average total flows for the period of record. This 
highest figure occurred during the period between August 22 and September 13, 2004 and equated to a 
flow rate of 406 gpad, based on an estimate of 2,340 acres of served area. 
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Figure 5-2. Daily Total Flow vs. Daily Rainfall, January 1999 to October 2005 
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Figure 5-3. 30-Day Rolling Average Total Flow vs. 30-Day Rolling Average Rainfall, January 1999 to 
October 2005 



…5. COLLECTION SYSTEM DESIGN CRITERIA AND FLOWS 

Peak Day I/I  
The peak-day I/I rate was estimated from the available flow records. It was determined that the maximum 
I/I event during that period occurred on March 20, 2002 when the I/I component of flow was estimated to 
be 2.08 mgd, or 884 gpad, based on 2,340 acres of serviced sewer area.  

Peak Hour I/I  
As discussed above, infiltration was determined to represent the most significant component of I/I. As a 
consequence it was estimated that the peak-hour flow would be similar to the peak-day flow. It was 
therefore estimated that for the downtown area, indicated as having higher I/I, the peak-hour flow would 
be 1,600 gpad. For areas with more recent sewers, the peak-hour flow was estimated to be 1,100 gpad. 
These assumptions were partially validated by comparison of the peak-hour flow recorded in the system 
(6.9 mgd on February 4, 1999, including Seaplane Base flow) to the peak-hour flow determined from the 
collection system model (6.4 mgd, excluding Seaplane Base flow). 

I/I Assessment Based on EPA Criteria 
The U.S. Environmental Protection Agency (EPA) has established the following criteria for defining 
excessive I/I: 

• Infiltration is excessive if the average daily per capita flow (excluding major industrial and 
commercial flows) is 120 gpcd or more over a 7- to 14-day dry period during seasonal high 
groundwater. The flow rate of 120 gpcd for infiltration analysis contains two flow 
components: 70 gpcd for domestic wastewater base flow and 50 gpcd of non-excessive 
infiltration (EPA 1984). 

• Inflow is excessive if the total daily flow (excluding major industrial and commercial flows) 
during periods of significant rainfall (the peak-day flow) exceeds 275 gpcd. 

In order to evaluate infiltration, data for the months October to April was analyzed over the period of 
record. The analysis examined 7-day periods with no rainfall but with antecedent rainfall of at least 1 inch 
in the previous 7 days. The maximum observed per-capita flow based on residential and commercial flow 
was compared to the 120 gpcd threshold. The maximum per capita flow observed was 111 gpcd which 
occurred during the 14-day period ending November 20, 2000. This is less than the 120 gpcd threshold 
limit and indicates non-excessive infiltration in the City-owned collection system. 

For the evaluation of inflow, the maximum observed daily flow, including residential and commercial 
flows, was compared to the 275 gpcd threshold. The maximum observed daily flow rate for March 20, 
2002 was equivalent to 197 gpcd, significantly less than the threshold value of 275 gpcd. It was therefore 
concluded that the inflow in the City is non-excessive by EPA standards.  

SUMMARY 
Table 5-3 summarizes criteria used for calculating collection system flows for this report. 
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TABLE 5-3. 
PROJECTED WASTEWATER UNIT FLOWS FOR PLANNING PURPOSES 

Average Annual Wastewater Flow Rate 
Residential 50 gpcd 
Commercial (2005 to 2025) 500 gpad 
Commercial (Long-term growth) 1,500 gpad 
School School Specific 
Infiltration and Inflow 
New Sewers  
 Maximum Month 400 gpad 
 Peak Day 900 gpad 
 Peak Hour 1,100 gpad 
Existing Sewers East of SR 20 & 
South of Whidbey Avenue 

 

 Maximum Month 900 gpad 
 Peak Day 900 gpad 
 Peak Hour 1,600 gpad 
Existing Sewers in the Remainder of 
the City 

 

 Maximum Month 900 gpad 
 Peak Day 900 gpad 
 Peak Hour 1,100 gpad 
Peak Hour Peaking Factors 

Large Service Areas 3.0 
  

 



 

CHAPTER 6. 
COLLECTION SYSTEM DESCRIPTION 

 

HISTORY OF SYSTEM DEVELOPMENT 
The City of Oak Harbor was incorporated in 1915, covering about 1 square mile on Oak Harbor. The City 
remained a small agricultural community until the beginning of World War II. In 1941, the U.S. Navy 
located a military air station east of the City. The presence of the military installation significantly 
changed the nature of the community and increased the population of both the City and surrounding 
Whidbey Island. Between 1940 and 1950, the City’s population grew from 380 to 1,156. By 1970, the 
City’s population had increased to 9,167, with annexation of the Navy’s Seaplane Base and married 
housing areas. Since 1970, the City’s growth has continued at a slower, more uniform pace. 

The City’s gravity collection system consists of approximately 65 miles of pipe. The oldest pipes still in 
service are clay pipes in the downtown area, which were installed in 1940. There are 10 lift stations and 
one major pump station serving the sanitary system, with approximately 5 miles of associated ductile 
iron, PVC and asbestos cement force mains ranging in size from 2-inch to 16-inch. The City’s sewer 
system is shown in Figure 6-1. 

As of December 2005, the City’s collection system provides service to the following: 

• 3,826 single-family residential accounts 

• 669 multi-family residential accounts 

• 396 commercial accounts 

• 14 school accounts 

• 9 hotel/motel accounts 

• 1 marina account. 

Centralized treatment was originally provided at a small facility on SE Pioneer Way. This was replaced 
by a primary treatment plant in City Beach Park with discharge into Oak Harbor. In 1978 this plant was 
upgraded to provide secondary treatment with the installation of a rotating biological contactor (RBC) 
system. The City also operates a multi-celled sewage lagoon at NAS Whidbey that discharges to Crescent 
Harbor. The lagoon system is owned and was previously operated by the Navy to serve the Seaplane Base 
housing areas. Under a 50-year lease agreement, the City of Oak Harbor now operates and maintains the 
lagoon plant to serve both the NAS facilities and part of the City. By means of the Diversion Pump 
Station at the RBC plant, wastewater flows in excess of 0.7 million gallons per day (mgd) are transferred 
to the Seaplane Lagoon Treatment Plant.  

ON-SITE SEWER SYSTEMS 
According to City staff, an estimated 136 households within the current city limits are not hooked up to 
the City’s sewer system and are using on-site sewer systems. This equates to less than 2 percent of the 
City population. Outside the city limits but within the City’s urban growth boundary, all of the existing 
residences and businesses are served by on-site sewer systems.  
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GRAVITY SEWERS 
In general, the City’s sewer collection system lies within the City proper (the incorporated area excluding 
the Seaplane Base); the collection system within the Seaplane Base is owned and operated by the Navy. 
The City does however own and maintain the conveyance infrastructure between the RBC Diversion 
Pump Station and the Seaplane Lagoon Plant, part of which is a 21-inch gravity sewer. 

The City-owned gravity collection system consists of approximately 65 miles of PVC, concrete, clay and 
ductile iron sewer pipe ranging in diameter from 6 to 24 inches. Wastewater from the City proper flows to 
the RBC Plant, where it is either treated at the plant or pumped to the Seaplane Lagoon Plant by the RBC 
Diversion Pump Station. 

PUMPED SYSTEMS 
Ten lift stations have been installed to serve development where gravity service is not feasible or cost 
effective. These stations convey wastewater to the gravity system flowing to the RBC plant. The RBC 
Diversion Pump Station adjacent to the RBC Plant conveys part of the flow from the City proper to the 
Seaplane Lagoon Plant; the remainder enters the RBC plant. Figure 6-1 shows the location of these 
facilities and Table 6-1 summarizes the characteristics of the lift stations and the RBC Diversion Pump 
Station. Further discussion relating to each of the facilities follows Table 6-1. In addition, the City owns 
and maintains two small grinder pump facilities at the Marina, also shown on Figure 6-1. Key features of 
the lift stations and pump stations are described below. 

 

TABLE 6-1. 
LIFT STATION AND PUMP STATION SUMMARY 

Lift 
Station 

No. Station Name Station Type 
No. of 
Pumps 

Pump 
Manufacturer 

Motor 
Horse 
Power 

Firm 
Pump 

Capacity 
(gpm) 

System 
Head 
(feet) 

Standby 
Power 

1 Taftson Street Suction Lift 2 Smith & Loveless 7.5 115 55 Plug 
2 NE 9th Avenue Submersible 2 Hydr-O-Matic 3 125 26 None 
3 NE 7th Avenue Suction Lift 2 Smith & Loveless 15 800 43 Plug 
4 Crosby Road Suction Lift 2 Smith & Loveless 10 210 88 None 
5 Cabot Street Suction Lift 2 Smith & Loveless 5 100 50 Yes 
6 East Pioneer Way Wet Well/ Dry Well 2 Smith & Loveless 15 100 110 Plug 
7 Golf Course Suction Lift 2 Smith & Loveless 30 720 100 Yes 
8 Capital Street Suction Lift 2 Smith& Loveless 7.5 145 68 None 
9 East Park Submersible 2 Flygt 2.7 & 3 50 90a Plug 

10 Harbor Terrace Submersible 2 Flygt 3 140 22 Plug 
— RBC Diversion Wet Well/ Dry Well 2 Aurora 60 & 125 1200 113 Yes 

a. Based on best efficiency point 

 

Lift Station No. 1, Taftson Street 
Lift Station No. 1 is located at 1289 NE Taftson Street, west of the intersection between Taftson Street 
and Regatta Drive. It serves approximately 22 houses and was constructed in 1983. The lift station, a 
Smith and Loveless suction lift pump assembly situated behind the rockery wall adjacent to the roadway, 

6-2 



�����������	
���
�
�

������������

������������

������
����

������

������������������������

������
�����	
�����	


�
���

��
���
�
��
��

��
�
��

�
���

��
���
�
��
��

��
�
��

������� ��
��!��

������� ��
��!��

������� ��
��!��

��� ��������� ������

�
�
�
��
�
��

�
�
�
��
�
��

����"
����������"
������

�
�
�

��
�
��

�
�
�

��
�
��

��
�#
$

��
�#
$

�%�&����!���%�&����!��

�
%
�'


�
�
��

�(
!
��

�
%
�'


�
�
��

�(
!
��

�%�)����!���%�)����!��

%����
������!��%����
������!��

�
%
��
�*

��
� �
�+
� �

�
%
��
�*

��
� �
�+
� �

�
%
��
�*

��
� �
�+
� �

�����
������!�������
������!��

�%��

����

�����

�%��

����

�����

�%��

����

�����

����������������������

,��-�����
��

,��-�����
��

��� 	������ 	���
��������������������

�%�)����!���%�)����!��

�%�.����!���%�.����!��

�%�//����!���%�//����!��

�
%
��

01
��

��
��
��

�
%
��

01
��

��
��
��

�
%
��

01
��

��
��
��

�
%
��
��

��
��
��
��

�
%
��
��

��
��
��
��

�
�
��

�
�
��
�
��

�
�
��

�
�
��
�
��

��
�����������!��

��
�����������!��

��
�����������!��

�
�
�#
$

�
�
�#
$

��
��	��
	

��
��	��
	

�
�
*�� ��

��

�
�
*�� ��

��

���"�����*�����!�����"�����*�����!�����"�����*�����!��
��

�#$
��

�#$

�
�
�"
�

��
�!

��
�+

��
�
�
�"
�

��
�!

��
�+

��
���2����!�����2����!��

���3����!�����3����!��
�%�3����!���%�3����!��

���#����!�����#����!��

��
�#
$

��
�#
$

�
���

��
���
�
��
��

��
�
��

������� ��
��!��

��� ������

�
�
�
��
�
��

����"
������

�
�
�

��
�
��

��
�#
$

�%�&����!��

�
%
�'


�
�
��

�(
!
��

�%�)����!��

%����
������!��

�
%
��
�*

��
��
�+
��

�����
������!��

�%��

����

�����

�����������

,��-�����
��

��� 	���
����������

�%�)����!��

�%�.����!��

�%�//����!��

�
%
��

01
��

��
��
��

�
%
��
��

��
��
��
��

�
�
��

�
�
��
�
��

��
�����������!��

�
�
�#
$

��
��	��
	

�
�
*�� ��

��

���"�����*�����!��
��

�#$

�
�
�"
�

��
�!

��
�+

��
���2����!��

���3����!��
�%�3����!��

���#����!��

��
�#
$

���
�����	


$ #4.$$0

�--��5���	��

������������

�

���	�
��� � ����6�	

�
� 7

������
��

�(��+
!�� 
������6��	����
�

,���������-�������6�

'�����

1
6�� ���
��8���-� ���
��

������
������	��������	��

���
������	��

������
�����	
�����	


���
�����	


����
�������	
�

����
�������


�

����
�������


 ����
�������


�

����
�������


�

����
�������


�
����

�������

�

����
�������


�

����
�������


�

���	���������
����	�������

����
�������	
� 

���	
���

�������
����

�������
����

�������
�����	
���

9.9$$$:82;/;%
5
 ��

� ���
�6�/$

"
*����2</�
%=>�,>������,%��,%����11%�,>����?�,%'

�
����6�����������
��'��%�%��>@%��%�%���1����������	
����������	����

��		������
���	�������������
������������������� ���������������





…6. COLLECTION SYSTEM DESCRIPTION 

has no significant operational issues. The associated 4-inch force main discharges to an 8-inch sewer in 
NE 11th Avenue. 

It has been proposed that this lift station be removed and flows diverted to a new regional lift station. 
Additional detail is provided in Chapter 7. 

Lift Station No. 2, NE 9th Avenue 
Lift Station No. 2, constructed in 1983, is located at 2085 NE 9th Avenue, at the end of the cul-de-sac. It 
serves approximately six houses and operates about once a week during most conditions. The station has 
a wet well submersible configuration and has no major operational issues. Due to the infrequency of 
operation, grease build up is marginally greater than average, but this does not represent a major 
maintenance issue. Part of the internal pipe work has been replaced with a new section of PVC pipe. 
Some of the wet well metalwork has significant corrosion and may require replacement. The associated 4-
inch PVC force main conveys wastewater a short distance to an 8-inch gravity sewer, also in NE 9th 
Avenue. 

It has been proposed that this lift station be removed and flows diverted to the same proposed regional lift 
station that would enable decommission of the Taftson Street facility. Additional detail is provided in 
Chapter 7. 

Lift Station No. 3, NE 7th Avenue 
Lift Station No. 3 is located at 638 NE 7th Avenue. Built in 1993, it currently serves development along 
NE 7th Avenue in the vicinity of the lift station as well as the Oak Hollow Mobile Home Park, Woodbury 
Park Parade and Spring Hollow. The lift station, a Smith and Loveless suction lift pump assembly, is 
situated adjacent to the roadway. The fiber reinforced plastic enclosure has been repaired following 
damage from a traffic accident. The station has no major operational issues. However, platform supports 
have been installed within the wet well to facilitate periodic cleaning and grease removal from a 
temporary platform. The associated 4-inch force main discharges to a 12-inch sewer at the intersection of 
Harvest Drive and NE 7th Avenue. 

Lift Station No. 4, Crosby Road 
Lift Station No. 4 is located at 1765 NW Crosby Road on the south side of the roadway. It currently 
serves the Meadowridge development and was installed in 1994. The lift station is a Smith and Loveless 
suction lift pump assembly that sits on top of its wet well on the roadway shoulder. The station has no 
significant operational issues. The associated 4-inch PVC force main discharges to an 8-inch sewer at the 
intersection of NW Heller Street and NW 8th Ave (formerly 925th Avenue West). 

Lift Station No. 5, Cabot Street 
Lift Station No. 5 is located at 281 SE Cabot Drive beside a Home Depot store. The lift station, built in 
1990, is a Smith and Loveless suction lift pump assembly that sits on top of its wet well adjacent to the 
parking lot. Minor changes in the control levels were made in 2005 to enable the pump station to handle 
the addition of the Home Depot, the AutoZone and a restaurant to the previously served area. The station 
has no major operational issues. However, grease buildup is higher than average at this lift station; 
cleaning is undertaken approximately every two months, as opposed to quarterly as done at most other 
stations. The station does have on-site standby power generation capability, with the generator located in 
a screened compound on Home Depot property. The associated 4-inch PVC force main discharges to the 
15-inch trunk sewer at the intersection of Ely Street and SE 4th Avenue. 
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Lift Station No. 6, East Pioneer Way 
Lift Station No. 6 is located at 1561 SE Pioneer Way on the shoreline side of the road adjacent to the 
sidewalk and is the oldest lift station in the collection system, built in 1968. The station serves a small 
residential area bounded by SE Pioneer Way, SE Regatta Drive, SE 6th Ave and SE Pasek Street. It also 
receives flows from the marina.  

The station is a Smith and Loveless dry well package plant. Access to the dry well is via a ladder that 
extends to a hatch at grade. The station has no significant operational issues; the original pumps are still 
in operation although the check valves have been replaced. 

The lift station is adjacent to the original treatment facility and a reinforced concrete tank that formed part 
of that facility. During power interruption or pump station failure, influent wastewater can overflow to the 
tank via a connection pipe at the manhole immediately upstream. Following mobilization of its storage 
volume, wastewater is removed by vactor truck. The tank receives low levels of infiltration, although no 
visible leaks have been identified. It is periodically pumped dry to preserve its emergency storage 
potential. 

The associated force main discharges to a manhole in the gravity system at the intersection with SE 
Midway Boulevard and Pioneer Way. 

Lift Station No. 7, Golf Course 
Lift Station No. 7 is located at 980 SW Upland Court in a fenced compound on the eastern edge of the 
Whidbey Golf and Country Club. Access to the lift station compound is along the golf course road. The 
lift station is one of the largest in the City’s collection system, with a firm capacity of about 720 gpm. It 
serves a number of recent residential developments in the southwest portion of the City adjacent to 
Swantown Road and Fort Nugent Road and has been sized to accommodate additional development. 

The lift station, a Smith and Loveless suction lift pump assembly, has operated well since its construction 
in 1997 and no operational issues have been reported. On-site standby power is provided with a trailer-
mounted generator located within the compound. To increase station reliability, a 6-inch force main 
bypass connection has been included in the installation to facilitate vactor removal of wastewater in the 
event of pump failure. This is primarily due to the station’s distance from the gravity system, which 
would preclude use of temporary overland bypass pumping. 

The associated 8-inch PVC force main runs along SW Thornberry Drive to Swantown Road, where it 
connects to a 10-inch PVC force main that follows Swantown Road to a manhole in the gravity system. 

Lift Station No. 8, Capital Street 
Lift Station No. 8 is located at 2831 SW Capital Street in the Scenic Heights area of the City. Built in 
1994, it serves approximately 24 houses in the Eagle Crest development and immediate vicinity. The lift 
station is a Smith and Loveless suction lift pump assembly that sits on top of its wet well adjacent to the 
sidewalk. No significant operational problems have been noted. 

The associated 4-inch PVC force main discharges to a manhole in Capital Street, at the top of a hill, from 
where it can flow by gravity across SR 20 toward Swantown Road. 

Lift Station No. 9, East Park 
Lift Station No. 9 is located at 2330 SW Rosario Drive in a fenced compound at the edge of the existing 
city limits. It was constructed in 2001 and currently serves approximately 40 houses in the East Park 
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development. The station has a wet well submersible pump configuration with two Flygt pumps. Flush 
valves have been included in the installation to reduce grease buildup. The control panels are located 
adjacent to the wet well in the fenced compound. Some operational issues have been recorded at the 
station since its installation. Control levels have been adjusted to keep wet well levels low as a response. 

The 4-inch PVC force main discharges to an 8-inch sewer at the intersection of SW Quince Street and 
Fort Nugent Avenue. The force main has cleanouts installed at major changes in pipe direction in 
Ridgeway Drive, with wyes and check valves at each. 

Lift Station No. 10, Harbor Terrace 
Lift Station No. 10 is located at 1631 NE 16th Avenue. It serves the Harbor Terrace development of 
multi-family residential units. It is the most recently installed lift station in the City’s collection system, 
commissioned in 2003 to replace a lift station that served the area prior to the development. The facility is 
a wet well submersible station with two Flygt pumps. Flush valves have been included in the installation 
to reduce grease buildup. No significant operational problems have been noted. The control panels are 
located adjacent to the wet well in the fenced compound. 

The 4-inch PVC force main conveys the wastewater a short distance to a manhole in the gravity system 
that discharges into the 8-inch sewer in NE O’Leary Street. 

RBC Diversion Pump Station 
The RBC Diversion Pump Station is located in City Beach Street adjacent to the RBC Plant. It began 
operation in 1991. The pump station conveys a portion of the wastewater flow from the City proper to the 
Seaplane Lagoon Plant via a 16-inch forcemain, a 21-inch gravity sewer and a 20-inch inverted siphon, 
also constructed at that time. 

The station has a wet well/dry well configuration with the wet well divided into a three-hopper 
arrangement. Currently only two pumps are installed in the station, so only two of the three hoppers are in 
use. All flows from the City proper flow through a concrete inlet trough that runs through the pump 
station. Openings in the trough permit flow to fall into the wet well hoppers, and gates on these openings 
assist in regulating the flow into the wet well. The remainder of the wastewater flows through the RBC 
Plant influent meter and into the treatment plant. 

The current vertically oriented pumps, which are located on the lower pump floor, are connected to the 
motors on an intermediate floor by vertical drive shafts. A single-story building houses the electrical 
room, the screen room and the pump access room. A surge tank and activated carbon odor control unit 
and standby power generator are located in the walled courtyard outside the main pump station building. 

The larger 125-hp pump has a capacity of approximately 2.9 mgd (2,000 gpm). The smaller 60-hp pump 
has a capacity of approximately 1.7 mgd (1,200 gpm). During combined operation, the flow is 
approximately 3.6 mgd (2,500 gpm). The firm pump capacity (with the largest pump out of service) is 
1.7 mgd, the capacity of the smaller pump. 

While station performance has, in general, been good, several operational and maintenance issues have 
been noted: 

• Check valves in the discharge header pipe work have needed frequent maintenance as a result 
of seat deterioration, possibly due to a combination of grit and high velocities in the relatively 
small pump discharge piping. Planned future enlargement of the pumps may diminish this 
issue. However, the frequent maintenance increases the time when the station is reduced to 
using one pump. 
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• The odor control facility requires additional maintenance to ensure its effectiveness. 

• A permanent on-site generator provides sufficient power for the larger pump. However, the 
generator is aging and requires replacement within the next six years. An additional mobile 
standby generator is used to provide power to the smaller pump. 

• The mechanical raked vertical bar screen at the inlet to the pump station has a spacing of 0.75 
inches. This operates well, but significant amounts of solids reach the Seaplane Lagoon Plant 
headworks. 

The 16-inch ductile iron force main from the pump station is routed along SE Bayshore Drive and Pioneer 
Way, discharging to a manhole inside the Seaplane Base close to the intersection of Wake Avenue and 
East Pioneer Way. The discharge elevation is approximately 101 feet above the pump discharge 
elevation. During installation, an odor control facility was installed at the force main discharge and an air 
injection facility was installed along its length. Neither facilities are currently in use and no odor issues at 
the force main discharge have not been reported. 

In 2005, a pipe break occurred adjacent to the pump station. Subsequent investigation by a representative 
of the Ductile Iron Pipe Research Association (DIPRA) indicated that soils in the City Beach and SE 
Bayshore Drive area are highly corrosive. Sections of the force main in that area, approximately 
2,500 feet in length, could be affected by corrosion. 

The 21-inch gravity sewer conveys flow from the force main discharge to the inverted siphon. The sewer 
is steep over much of its length, with gradients up to 5.5 percent for some sections. Access to this line is 
limited due to topography and vegetation. While no known problems have been noted the pipe condition 
has not been inspected recently. 

The inverted siphon runs between the connection with the gravity sewer at Torpedo Road and the 
headworks of the Seaplane Lagoon Plant. An access road has been constructed on the raised berm above 
the route of the inverted siphon.  

Marina Grinder Stations 
The City has two small grinder pumps serving the City-owned marina, which was constructed in 1974. 
Both facilities use dual grinder pumps in coated steel sumps. One sump is located at the marina’s 
Building 2. It pumps flows from the boat pump-out, Building 2 and some commercial property to the 
other sump at the Harbor Master’s office, which also receives flows from the marina’s showers and 
restrooms. The grinder pumps in the Harbor Master’s office building pump flow in a 4-inch force main 
that discharges on SE Pioneer Way upstream of the Pioneer Street Lift Station. 

The two grinder stations are operated and maintained by the City’s Marina Department. However, 
periodic cleaning and annual flushing is done by Public Works personnel using their vactor truck. Sump 
pumps are replaced on average on a 2- or 3-year cycle. The rails in the Building 2 sump were replaced in 
2001. In general these facilities have sufficient capacity and operate well. During the annual July regatta 
week, additional portable restrooms are provided and the City vactor truck is utilized when necessary to 
supplement system capacity. 

Pump facilities are being considered in more detail in the Marina Master Plan study currently being 
conducted on behalf of the City. 
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Reliability Summary 
Standby Power 
Two of the lift stations, Golf Course and Cabot Street, have a permanent on-site, hardwired emergency 
generator. The RBC Diversion Pump Station also has a permanent on-site, hardwired emergency 
generator capable of supplying power to the larger of its two pumps, with a portable generator capable of 
supplying power to the smaller pump. 

Five of the lift stations have an emergency power receptacle and a transfer switch. In the event of a failure 
of the power supply, these pump stations are designed to receive and use power from the City’s portable 
generator set. 

The three lift station and City-owned grinder pump facilities that do not have an emergency generator 
hook-up receive relatively low flows. These are required to be pumped out during power outages by the 
City’s portable 6-inch Goodwin bypass pump or vactor truck. 

Telemetry 
At each lift station, a radio wave telemetry system is used for transmitting status signals. High-level 
alarms, low-level alarms, check valve failure alarms, pump failure alarms, and pump run status are 
transmitted. Pump failure is sensed by a limit switch on each pump’s check valve. If flow causes the arm 
on the check valve to lift off the switch within the set time limit, the pump is assumed to be operational. If 
the arm remains on the limit switch beyond the timed period, a “pump fail” signal is transmitted. All 
stations have, at a minimum, float-type level sensors. No data is currently stored at the lift station site. 

Overflows 
There are no recorded overflows at the lift stations, RBC Diversion Pump Station or City-owned grinder 
pump facilities. 

Sewer Operation and Maintenance 
The City has a full-time supervisor in charge of operation and maintenance of the present system 
including the two treatment facilities. 

The maintenance schedule for the collection system includes periodic cleaning of the sewer mains, 
adjusting manhole covers and general manhole maintenance. Some flow testing and televised inspection 
has been done in areas of suspected high infiltration/inflow. Grease traps are inspected about twice per 
year. Garbage grinders are not allowed. All lift stations are maintained on a weekly basis. 

The City has a range of equipment which it uses in maintenance of the system. In addition to standard 
equipment such as service vehicles, boom truck and backhoes, the City owns and uses a high velocity 
sewer cleaner. The cleaner includes eductor and hydraulic root cutter attachments to remove debris from 
cleaning operations and to correct any root intrusion problems. The City has also purchased a television 
camera system to inspect sewer lines. TV cameras are valuable in detecting points of high 
infiltration/inflow, defective pipe, root intrusion and inspection of new construction. The City also has a 
Vactor (2100 Series; 14 cubic yard box; 1,800 gallon tank). 

The collection system has been rapidly increasing in size and growth is projected to continue. With a 
larger and aging system, more burden will fall on maintenance of that system. Scheduled maintenance of 
the collection system is known to extend its useful life, reduce the number of plugged sewers and 
backups, and in the long term, reduce the cost of operation and repair. 
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The City maintains centralized records for maintenance and operation of the treatment facilities and 
collection system. This includes maintenance schedules, and an inventory of plant equipment and 
materials on hand. 

Emergency Response 
Emergency response planning is an essential part of managing a wastewater system. It is a process in 
which wastewater system managers and staff explore responses to vulnerabilities, make improvements 
and establish procedures to follow in the event of man-made or natural emergencies. The process 
encourages people to form partnerships and better understand support capabilities. Preparing an 
emergency response plan and practicing it can save lives, prevent illness, enhance system security, 
minimize property damage and environmental impact, and lessen liability. 

The City has a range of standard procedures for emergency response in both the collection system and at 
the treatment plants. Currently however, these are not collated in a formalized document, and the City 
plans to develop a more formalized emergency response plan as discussed in Chapter 9..  



CHAPTER 7. 
COLLECTION SYSTEM ANALYSIS 

 
The collection system was analyzed to evaluate the capacity of the existing network and to identify other 
issues that would warrant upgrade or improvement. The analysis also examined system development and 
expansion and the capacity requirements to serve projected increases in flows. In general the analysis 
focused on trunk sewers and pump stations; local sewers were not evaluated. 

ANALYSIS OF EXISTING SYSTEM CAPACITY 
The capacity analysis was conducted using a SewerGEMS computer model of the core elements of the 
existing sewer system. Figure 7-1 shows the system elements included in the model. Appendix G details 
data sources and elements used in the modeling. 

The sewer lines modeled were simplified to optimize the number of nodes; not every manhole was 
included. Three of the 10 lift stations were incorporated into the model, including the Golf Course Lift 
Station. Following input of the physical features of the system, hydraulic loads (flows) were determined 
and applied to the model as discussed below. 

Model Loading 
The service area of the existing collection system was divided into basins for the modeling, based on 
topography, zoning, parcel boundaries and sewer service. Hydraulic loads were derived for each basin. 
The flows associated with each basin were assigned to a single model manhole. Normally the model 
manhole receiving the flow was within the basin boundary. However, where the model did not extend into 
the basin, the flow was assigned to the most appropriate model manhole in the downstream system. Five 
sources of flows were estimated for each basin, as shown below, and their hydraulic loads estimated using 
the projected base flow and Inflow/Infiltration contribution information outlined in Chapter 5.0: 

• Residential—The 2000 population for each basin was estimated using the ArcView GIS 
program and U.S. Census block data. Population growth in each basin between 2000 and 
2005 was estimated using plat approval information obtained from the City. The resulting 
total basin population was entered into the designated loading node for each basin. It was 
assumed that the entire population within the existing city limits receives sewer service. 

• Commercial—This category was used for a range of City zoning types as defined in 
Chapter 5. An estimate of the area zoned as commercial/industrial was determined for each 
basin, and flows were estimated based on these areas. For basins with areas currently zoned 
as commercial land but with no commercial development yet connected to the collection 
system, factors were used to better reflect the flows. 

• Schools—Water consumption data for the schools within the City was reviewed and a 
representative flow for each was assigned to the relevant basins. 

• Other Public Facilities—Areas zoned as public facilities were reviewed to determine their 
current function. Parks were assumed to contribute zero flow to the collection system. Other 
facilities were assumed to contribute flows based on area, with the same unit contribution as 
used for commercial areas. 

• Inflow/Infiltration—The total area served by the sewer system was calculated for each basin. 
The total area was reduced by the area for which there currently is no sewer service. Peak-
hour I/I values were assigned to each basin based on the area served within each basin and the 
unit I/I flows discussed in Chapter 5: 1,600 gpad for areas served by older sewers and 
1,100 gpad for areas served by newer sewers.  
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Model Scenarios 
For evaluation of the existing collection system capacity, a peak-hour flow scenario was simulated in the 
model, as required by the Department of Ecology. The peak-hour flows were estimated using the 
methodology outlined in Chapter 5.0. For the model scenarios the peak flow was assumed to be constant, 
in order to examine the full impact of flows across the whole system.  

Capacity Analysis Results 
Figure 7-2 shows the results of the model simulation of peak-hour conditions in the collection system. No 
areas of out-of-manhole flooding were identified by the model, although some sections of sewer were 
indicated as having peak flows approaching system capacity. The model indicated surcharging in the Ely 
Street trunk sewer between Whidbey Avenue and SE Barrington Drive and in the sewer just upstream of 
the RBC Diversion Pump Station, but the hydraulic grade levels are estimated to be more than 10 feet 
below grade. 

The results indicate a maximum peak-hour flow at the entrance to the RBC Diversion Pump Station of 
6.4 mgd. This is greater than the combined capacity of the plant and diversion pump station and suggests 
that additional surcharging may occur in the sewer immediately upstream during peak flow conditions. 
Potential capacity limitation was also identified in the sewer close to Heller Street and NW 2nd Avenue. 
Other short sections of sewer were identified by the model as having minor capacity issues; but 
surcharging results for these sections are likely due to model assumptions that are not reflected in the 
actual system. 

SYSTEM EXPANSION 
Expansion of the existing collection system will be required to enable development in the periphery of the 
City and in the future incorporated area within the UGA. For the analysis of future collection system 
needs, system expansion projects were identified that would enable service of these outlying areas. 
Development of these projects was undertaken in consultation with City staff on the following basis: 

• Expansion of the existing collection system was considered from a regional infrastructure 
perspective. Identified improvements are aimed at providing the most effective service to the 
area as a whole, not necessarily as a series of successive extensions. Improvement 
recommendations reflect development only within the existing UGA, but are mindful of 
appropriate service routes in the event of future expansion of the UGA. 

• The routing of trunk sewers was established in order to most effectively serve as much of the 
service development areas as possible. However, it was expected that trunk sewers would be 
constructed along with local collection sewers as part of the development of the areas served. 
As such, some flexibility in alignment is acknowledged, depending on the nature of 
development proposals. 

• A number of sources were reviewed, including the 1997 Wastewater Comprehensive Plan, 
existing mapping and topography, the preliminary design of improvements in Scenic Heights 
by Berryman & Henigar, Inc., and the Northeast Drainage Basin Study prepared by URS. 

• In general, the identified service strategies are similar to those recommended in the 1997 
Comprehensive Plan, with the exception of the northern development area between Heller 
Street and Goldie Road. 

• The City of Oak Harbor has a adopted a vertical datum 100 feet lower than that established 
by the NGVD 1929, so that elevation 100 is approximately sea level. This datum provides 
positive elevations for most City facilities below sea level. Because the project areas extend 
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Figure 7-1.
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Figure 7-2.
 2005 CAPACITY ANALYSIS RESULTS
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beyond current city limits and contour coverage, contours were generated from aerial 
mapping conducted for Island County, which is based upon NAVD’88 datum. NAVD’88 
differs from NGVD’29 by approximately 3.5 feet, but the difference varies spatially and 
should be established by a licensed surveyor on a case-by-case basis. Thus, elevations in the 
City’s datum will be about 96.5 feet higher than those shown in NAVD’88. These project 
layouts should be verified through more detailed mapping during design development. 

The peripheral development land that will require expansion of the collection system for sewer service 
was divided into five areas, designated System Expansion Areas A through E. Initial improvement 
projects were identified for each area to address the needs of long-term growth. These improvements 
consist of trunk sewers, lift stations, and force mains. Detailed cost estimates for all elements of these 
projects are included in Appendix H. From these initial projects, a list of projects was developed for 
improvements to be implemented within the 20-year planning period. The following sections identify the 
long-term growth needs as well as the projects proposed for the planning period.  

System Expansion Area A—Scenic Heights 
A portion of the Scenic Heights service area has been the subject of a local improvement district in the 
past. The City is currently starting a project to construct the Scenic Heights lift station in the southern 
portion of this area. The general layout of the project is shown in Figure 7-3. It includes a gravity sewer 
southward along SW Scenic Heights Street to the edge of the UGA, including a branch sewer up a hill to 
allow abandonment of the existing Capital Street Lift Station. The Scenic Heights lift station would be 
located at the edge of the UGA, with the force main pumping back up this street to the existing gravity 
sewer flowing north on the same street. 

There are a number of currently developed lots in the unincorporated portion of the UGA as well as 
several developable parcels further up the hill to the west, most of which can be served by the new lift 
station. There may be limited areas near the top of the hill or areas partially isolated by wetlands that 
would require alternative service methods. Deeper sewers might alleviate this, as might grinder pumps or 
a small, local lift station. The latter may be a good alternative, as future expansion of the UGA in this area 
might expand downhill toward the southwest and a likely local lift station. 

Both elements of this project (Project A1 and Project A2) are proposed as improvements within the 20-
year planning period. The estimated cost of the two elements is about $1.3 million. 

System Expansion Area B—Swantown Road and Fort Nugent Avenue 
Current development to the east, south and southwest of the Golf Course is served by the existing Golf 
Course Lift Station, which pumps back to the gravity system on Swantown Avenue. Potential 
development areas lie to the south of the Fort Nugent Road and to the north and west of the Golf Course. 

With improvements to meet long-term growth needs, illustrated in Figure 7-4, the development area to the 
south of Fort Nugent Road would drain to the existing Golf Course Lift Station. The development area to 
the north and west of the Golf Course would drain to a new lift station (referred to as the Fairway Lane 
Lift Station) situated at the low point within the UGA Boundary to the west of Fairway Lane. The force 
main would pump up and then southeast along Swantown Road to a high point, discharging to a new 
gravity main extension from the high point to the end of the existing gravity system on Swantown 
Avenue. 

Project B1 is proposed as an improvement within the 20-year planning period. The estimated cost is about 
$3.3 million. 
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System Expansion Area C—Crosby Road 
Developed portions of this area are served by the lift station on Crosby Road, which pumps uphill to the 
east. Improvements to meet long-term growth needs, shown in Figure 7-5, include a new trunk sewer 
from the existing Crosby Road Lift Station westward to a new lift station at the northwest corner of the 
expansion area. This would allow the abandonment of the existing lift station. The force main would be 
routed to the east along Crosby Road to Northwest Heller Street. 

Were the UGA to expand in the future, a new lift station could be located downhill to the northwest and 
pump back up Crosby Road, so the identified improvements are consistent with possible future growth 
patterns. 

Project C1 is proposed as an improvement within the 20-year planning period. The estimated cost is about 
$1.8 million. 

System Expansion Area D—Heller Road to Goldie Road 
The area to the north of the City between Heller Road and Goldie Road represents a relatively large 
acreage straddling a shallow valley. The eastern and western portions of the area are the flanks of the 
valley, with a low-lying area in the center. The majority of the lower central area can be drained to the 
south. The higher areas in the southwest and southeast can be served by extension of the existing gravity 
collection system. The low-lying central area is likely to require a lift station, although topography 
suggests that a gravity route may be feasible. Service to the northern part of the area is likely to require a 
lift station to enable discharge into the gravity system. The choice of gravity service or lift stations will be 
based on the reasonable depth of gravity sewers. Deeper gravity sewers would have a higher initial cost 
and lower operation and maintenance costs if they lead to less area being served by lift stations. 

Improvements to meet long-term growth needs, shown in Figure 7-6, consist of three subsystems: 

• The first subsystem would extend the existing trunk sewer along Oak Harbor Road north, 
possibly as far as the current northernmost city limit, depending on local topography. This 
line would serve areas upland to the west. It could also be extended farther north in the future 
if it runs uphill to the west of Oak Harbor Road. As this line provides gravity service all the 
way to the RBC plant, development to the west of Oak Harbor Road should connect to this 
line to the greatest extent possible.  

• The second subsystem would consist of a lift station (referred to as the Goldie Road Lift 
Station) midway between Oak Harbor Road and Goldie Road at about NE 18th Avenue 
(about the north end of a wetland). A trunk sewer would extend northward along the center of 
the low area to Oak Street, eastward to Goldie Road and then northward until minimum depth 
is reached, estimated to be approximately at the intersection of Goldie and Old Goldie Roads. 
The lift station would discharge to the east to the existing gravity system along Goldie Road. 
It would eventually be abandoned in favor of a line extending south around the east side of 
the wetland to the present NE 7th Lift Station. 

 An alternative to this second subsystem would be to continue the trunk sewer from the lift 
station further north past Oak Street along the bottom of the low area before heading east 
toward Goldie Road. This alternative is not part of the recommended improvements, but 
might be worth considering depending on development patterns. This alternative would likely 
require more easements and is closer to wetlands, but might allow portions of the sewer to be 
shallower. 
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…7. COLLECTION SYSTEM ANALYSIS 

• The third subsystem would consist of a lift station in the north end near Old Goldie Road at 
the present UGA boundary. It would be fed by a trunk sewer along Old Goldie Road and a 
trunk sewer running west along Christian Road and Clover Valley Road. The discharge for 
this force main would travel south along Old Goldie Road either to the trunk sewer that is 
part of the second subsystem or another 1,800 feet south to the existing gravity system on 
Goldie Road. The latter option is recommended; although it would require additional force 
main and have a higher initial cost, it would avoid pumping these flows an additional time. 

 This configuration is consistent with potential future expansion of the UGA in that future 
UGA expansion should allow lift stations to serve downhill from the identified new lift 
stations. 

Projects D1 and D2 are proposed as improvements within the 20-year planning period. The estimated cost 
for the two is about $4.5 million. 

System Expansion Area E—Crescent Harbor 
Improvements to meet long-term growth needs in the Crescent Harbor area, shown in Figure 7-7, would 
serve the area east of SR 20 between West Fakkema Road and Crescent Harbor Road as far east as the 
UGA boundary. They consist of gravity sewers throughout the area and a lift station in the southeast 
corner. The force main would be routed to the west along NE 16th Street. It could discharge to the 
existing gravity system on SR 20, but the downstream capacity would require upgrading. It may also be 
conveyed to the sewer on Goldie Road. The improvements would allow the abandonment of two local lift 
stations (Taftson and NE 9th) by construction of additional gravity sewer within the existing development 
to the south and west of the expanded service area. 

Should the UGA expand to the north, it may require service through a new lift station to serve that area, 
as the terrain generally slopes away from the system that would be constructed through the identified 
improvements. If the UGA expands eastward, it should be possible to abandon the new lift station in 
favor of one at a lower elevation to the east. 

None of the projects identified in this expansion area are proposed for implementation within the 20-year 
planning period. They would be implemented as warranted by future development as it occurs. 

ANALYSIS OF FUTURE SYSTEM CAPACITY 
Capacity Analysis Approach 
Capacity analysis of the existing collection system was undertaken with projected flows for 2011, 2025 
and the long-term growth condition.  

When considering the analysis of the future capacity within the existing system and the upgrades that 
would be required, it was assumed that treatment of all wastewater flows ultimately would move to a 
proposed facility at the Seaplane Lagoon Plant, as detailed in Chapter 9. While the RBC Treatment Plant 
is likely to remain in service in the short term, it was assumed that this would be decommissioned as a 
treatment facility by 2015. All wastewater flows from the City proper will need to be pumped to the 
Lagoon site, since topography prohibits gravity flow for almost the entire City.  

7-9 
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City of Oak Harbor 
COMPREHENSIVE SEWER PLAN 

Figure 7-9.
ALTERNATIVE 1: 2011 CAPACITY ANALYSIS RESULTS 
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City of Oak Harbor 
COMPREHENSIVE SEWER PLAN 

Figure 7-10.
ALTERNATIVE 1: 2025 CAPACITY ANALYSIS RESULTS 
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City of Oak Harbor 
COMPREHENSIVE SEWER PLAN 

Figure 7-11.
ALTERNATIVE 1: LONG-TERM GROWTH CAPACITY ANALYSIS RESULTS 
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City of Oak Harbor 
COMPREHENSIVE SEWER PLAN 

Figure 7-12.
ALTERNATIVE 2: 2011 CAPACITY ANALYSIS RESULTS 
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City of Oak Harbor 
COMPREHENSIVE SEWER PLAN 

Figure 7-13.
ALTERNATIVE 2: 2025 CAPACITY ANALYSIS RESULTS 
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City of Oak Harbor 
COMPREHENSIVE SEWER PLAN 

Figure 7-14.
ALTERNATIVE 2: LONG-TERM GROWTH CAPACITY ANALYSIS RESULTS 
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…7. COLLECTION SYSTEM ANALYSIS 

In the 1997 Comprehensive Sewerage Plan update, two main pumping alternatives were considered: 
• Alternative 1—All flows continue to flow to a facility at the current RBC Diversion Pump 

Station location for onward conveyance. 
• Alternative 2—A new pump station would be installed close to the intersection of Whidbey 

Avenue and SR 20 to intercept flow from the north and west and convey it directly to the 
Seaplane Lagoon site. Screening of the flows from this pump station would be undertaken at 
the headworks of the Seaplane Lagoon site which was upgraded in summer 2008. The RBC 
Diversion Pump Station would continue to operate, collecting wastewater from the remainder 
of the City and pumping it to the Seaplane Lagoon site. 

The 1997 update identified Alternative 2 as the preferred alternative because it would prevent the need for 
expansion of the RBC Diversion Pump Station and because installing a parallel force main from the RBC 
Diversion Pump Station would be difficult due to potential conflicts with existing utilities, busy 
roadways, a high groundwater table, and other factors. However, the 1997 Plan did not account for 
treatment of all flows at the Seaplane Lagoon site, and the potential corrosion problems of the 16-inch 
force main from the RBC Diversion Pump Station had not been determined. Therefore, for this analysis, 
both alternatives were re-examined in detail. 

Flows for 2011, 2025 and the long-term growth condition were modeled as follows: 
• For the 2011 planning horizon, residential lots most likely to be developed within six years 

were identified based on discussions with City staff. These lots, shown in Figure 7-8, include 
the Scenic Heights and West Meadows areas not currently in the city limits but within the 
UGA. It was assumed that each lot in these areas represents a single-family residence with an 
average population of 2.69, similar to the number of people per household found in current 
City development. It was assumed that commercial flows would  represent a portion of the 
total collection system flow similar to current conditions. Commercial growth was assumed 
to occur in the Goldie Road area north of the current city limits but within the UGA. 

• For the 2025 planning horizon, information on residential developable lots, which formed the 
basis for the City’s 2025 population projection detailed in Chapter 3, was obtained from the 
City Planning Department. These lots are also shown on Figure 7-8. Population growth was 
distributed on an area basis across these lots. As with 2011, it was assumed that commercial 
flows would represent a portion of the total collection system flow similar to current 
conditions, with growth occurring in the Goldie Road area. 

• For the long-term growth condition, it was assumed that the entire area within the UGA, with 
the exception of wetlands, would be developed to the maximum zoned allowances. Further, it 
assumed that existing development would be replaced to enable the higher densities to be 
reached. 

To incorporate the projected development into the model, additional basins were delineated around the 
periphery of the existing system within the UGA. As with the analysis of the collection system, flows 
were determined for each basin. These flows were applied to a designated manhole in the existing model 
network. For the peripheral development areas, the flows were applied with reference to the proposed 
service strategies. 

Capacity Analysis Results 
Figures 7-9 to 7-11 show the existing collection system performance for Alternative 1 with the 2011, 
2025 and long-term growth peak-hour flows. Capacity issues were identified in four main sewer lines: 

7-11 



City of Oak Harbor Comprehensive Sewer Plan… 

• Heller Street/Whidbey Avenue Trunk—In Heller Street, some potential for minor surcharging 
was indicated in the vicinity of NW 2nd Avenue with 2011 flows. Significant surcharging 
and out-of-sewer flooding would only occur with flows associated with the long-term growth 
condition.  

• Goldie Street/SR 20 to Whidbey Avenue Trunk—Some minor surcharging was indicated in 
the sewer just upstream of NE 7th Street for 2011 and 2025 peak flows, largely due to 
commercial development in the Goldie Road area. Surcharging was indicated upstream of 
Whidbey Avenue due to restriction in capacity in the downstream Ely Street sewer with the 
2011 and 2025 scenarios. Significant surcharging and out-of-sewer flooding would occur 
with flows associated with long-term growth.  

• Oak Harbor Street Trunk—No capacity issues were identified within the 20-year planning 
period, but long-term growth could lead to capacity issues in this trunk’s contributing area.  

• Ely Street to RBC Plant Trunk—As indicated previously surcharging was identified during 
2005 peak hour conditions in the Ely Street trunk sewer upstream of SE Barrington Drive. 
This is predicted to increase with additional flow from the northern part of the City and 
require upgrading of part of the Ely Street sewer. Capacity in the installed 15-inch section 
recommended in the 1997 Comprehensive Plan and the downstream sewer is likely to be 
sufficient through the 20-year planning period, but this section may experience surcharging 
with the flows associated with long-term growth. Surcharging in the sewer just upstream of 
the RBC Plant is predicted to remain minor through the 20-year planning period; however, 
this could be affected by backwater from the RBC Plant, and monitoring should be 
undertaken to examine this. 

Figures 7-12 to 7-14 show the existing collection system performance for Alternative 2 for the 2011, 2025 
and long-term growth peak flows. For this condition, the Ely Street trunk sewer between the location of 
the Whidbey Diversion Pump Station and the RBC Diversion Pump Station would have sufficient 
capacity for flows under the long-term growth condition, so upgrades for capacity reasons are unlikely to 
be required. 

Capacity issues associated with the RBC Diversion Plant pump station and the downstream conveyance 
to the Seaplane Lagoon Plant are discussed in the subsequent sections relating to upgrades for 
Alternatives 1 and 2. 

UPGRADES FOR FUTURE SYSTEM CAPACITY 
Criteria for Upgrading 
The results of the 2005, 2011 and 2025 peak hour flow capacity analysis were used to estimate when 
upgrades to the existing collection system would be required. To determine which sewer lines required 
upgrade, the following criteria were applied: 

• Manhole Flooding—Where model results predicted sanitary sewer overflows due to elevation 
of the hydraulic grade line relative to grade level, upgrades were classified as essential.  

• Significant Sewer Surcharging—Where model results indicate the hydraulic grade line to be 
above the crown of a pipe and within 10 feet of the ground surface, upgrades were classified 
as essential. 

• Minor Sewer Surcharging—Where model result indicate the hydraulic grade line to be above 
the crown of the pipe but more than 10 feet below the ground elevation, further investigation 
is recommended to confirm model accuracy and determine potential impacts of surcharging. 
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…7. COLLECTION SYSTEM ANALYSIS 

Upgrade should be considered but may be deferred if flooding or other operational issues will 
not occur as determined by the investigation. 

• Sewer Approaching Capacity Limit—Where the flow through the sewer is between 75 and 
100 percent of the pipe-full capacity, upgrade may be considered. 

• Access Restrictions—Where access to manholes for sewer maintenance is restricted, such as 
along the sewer route in the vicinity of Heller Street and NW 2nd Avenue, upgrade may be 
considered. 

The long-term growth condition was not used to determine which sewer lines require upgrading. 
However, where sewers were identified as requiring upgrades and as sewers have a significantly longer 
lifespan than the twenty year planning period, the upgrades were in general sized to provide sufficient 
capacity for long-term growth conditions. In discussions with City staff, it was agreed that upsizing pipes 
to resolve a localized capacity issue should not trigger increase in the downstream pipe sizes unless 
warranted by economic factors. For example, upsizing a section of 8-inch sewer with minimum gradient 
due to capacity limitations will not necessitate replacement of 8-inch sewer downstream that has a steeper 
grade and sufficient capacity. This policy may increase the potential for blockage at the manhole where 
the pipe size reduction occurs. However, it enables sufficient capacity to be provided in a timely manner 
and enables future upgrading to be based on the then-current understanding of development needs and 
boundaries. 

For this analysis, it was assumed, except where noted otherwise, that increasing sewer capacity would be 
achieved by replacing the existing sewer with a larger diameter pipe laid along the same route and at the 
same grade as the existing sewer. Design of these upgrades should investigate in more detail the routing, 
alignment and grade. 

Upgrade Alternative 1—One Diversion Pump Station 
RBC Diversion Pump Station and Downstream Conveyance 
Table 7-1 shows the estimated peak-hour flows to the RBC Diversion Pump Station. Of the flow arriving 
at the RBC Diversion Pump Station, up to 2.6 mgd of peak flow may be conveyed to the RBC Plant; the 
remainder of flow would require pumping. However, the treatment plant is rated for 0.7 mgd on a daily 
average basis and flows in excess of this quantity typically are diverted by the pump station to the 
Seaplane Lagoon Plant. Other plant restrictions may also limit the peak flow to less than the nominal 
2.6 mgd; the influent meter is set to read a maximum flow of 2.0 mgd. 

 

TABLE 7-1. 
PEAK-HOUR FLOWS AT RBC DIVERSION PUMP STATION 

 Flowa (mgd) 

2011 7.7 
2025 8.6 
Long term growth 20.9 
  

a.  Flows assume capacity restrictions in network are eliminated by system upgrades 

 

The current peak pumping capacity at the RBC Diversion Pump Station is approximately 3.6 mgd. 
However, the firm capacity (with the largest pump out of service) is only 1.7 mgd since only two of the 
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three available pump bays are being used. Therefore, an increase in pump capacity would be required 
prior to 2011 for this alternative, not only to improve station reliability but also to provide sufficient 
capacity for peak-hour flows. 

From review of the existing pump station layout, it may be feasible to increase pump capacity to 
approximately 10 mgd within the existing structure. This would be sufficient for 2025 peak-hour flows. 
Provision of significant capacity beyond 10 mgd would necessitate extension of the existing structure or 
construction of an adjacent ancillary pump station. If this alternative were adopted it would be proposed 
that an interim upgrade of the existing station be undertaken to increase the capacity to 10 mgd and space 
secured for future expansion. 

Increase in pumping capacity may require upgrade or replacement of other systems at the pump station, 
including motors, controls, surge protection, odor control and standby generation. Further study would be 
needed to determine the upgrade requirements. 

The existing 16-inch force main has an approximate maximum capacity of 7 mgd, assuming a maximum 
allowable velocity of 8 feet per second (fps). Therefore the existing force main has sufficient hydraulic 
capacity through 2011, assuming that the RBC Plant remains in operation and can receive a proportion of 
the influent. Additional capacity would be required prior to decommissioning the RBC plant. It has been 
assumed that the force main break due to corrosion represents a localized fault. The City does plan to 
conduct further investigations to determine the extent of the corrosion. If it were determined that the 
corrosion is more widespread, sections of the force main may require replacement prior to capacity 
restrictions being reached.  

The replacement should be sized to accommodate build-out conditions, with a maximum capacity of 
approximately 21 mgd. Due to the corrosive ground conditions, it is recommended that design incorporate 
corrosion protection or a corrosion resistant pipe material such as HDPE. For this analysis, it was 
assumed that a single HDPE force main with internal diameter of 28 inches would be installed adjacent to 
the existing force main, which would be decommissioned following transfer of flow. 

Increasing the capacity at the RBC Diversion Pump Station to 10 mgd would also increase the flows in 
downstream the existing 21-inch gravity sewer. The capacity of this sewer varies between 3.8 mgd close 
to the force main discharge and 24 mgd in the steepest section of sewer. Surcharging will occur during 
peak pumping conditions in the section with the shallowest gradient but this may would be acceptable 
provided no side sewer connections from the Seaplane Base are affected. Otherwise upgrading this 
section (approximately 300 feet) would be necessary. By accepting larger diameter pipe sections upstream 
of steeper pipe sections, the extent of the upgrade could be limited or phased. This increases the potential 
for blockage, but, as the majority of flow in the sewer is from the pump station or small diameter 
Seaplane Base collection system, the increase in risk of blockage is low. 

The existing inverted siphon would have sufficient capacity for an increased pump capacity of 10 mgd, 
sufficient for 2025 flows although the driving head would be increased. With long term growth 
conditions, the velocity during peak-hour flows would be excessive and additional capacity would be 
required. Although this upgrade could be delayed until after 2025, the Navy has plans to flood the area 
across which the existing siphon crosses prior to 2011, in order to restore a salt marsh. Increasing inverted 
siphon capacity following this restoration would have additional cost and environmental impact. 
Therefore, it would be prudent to install additional capacity in advance. For this analysis, it was assumed 
that a parallel siphon would be installed but that the existing pipe would remain in operation. 

Based on the above analysis, the Alternative 1 improvements required to address long-term growth needs 
for conveying flows from the RBC Diversion Pump Station to the Seaplane Lagoon Plant are those 
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…7. COLLECTION SYSTEM ANALYSIS 

identified as Projects 1a on Figure 7-15. Appendix H provides detailed location maps and cost estimates 
for each of these projects. From this set of projects, the following were identified for implementation 
within the 20-year planning period: 

• Project 1a(i), upgrading the RBC Diversion Pump Station to a capacity of 10 mgd, with an 
estimated cost of $1,856,000 

• Project 1a(ii), upgrading the RBC Diversion Pump Station force main, with an estimated cost 
of $6,123,000 

• Project 1a(v), upgrading the inverted siphon to the Seaplane Lagoon headworks, with an 
estimated cost of $1,069,000. 

Gravity Collection Sewers 
The initially identified gravity sewer improvements to address long-term growth needs under Alternative 
1 consist of four sets of projects, one for each of the main sewer lines identified as deficient by the 
capacity analysis: Heller Street/Whidbey Avenue Trunk (Projects 1b); Goldie Street/SR 20 Trunk 
(Projects 1c); Oak Harbor Street Trunk (Projects 1d); and Ely Street Trunk (Projects 1e). Appendix H 
identifies all these projects and provides a cost estimate for each. Figure 7-15 shows the project locations. 

From the set of initially identified gravity sewer projects for Alternative 1, two main sewer lines were 
identified as requiring upgrade within the 20-year planning period: 

• Project 1b(ii) on the Heller Street/Whidbey Avenue Trunk, with an estimated cost of 
$845,000 

• Project 1e(i) on the Ely Street Trunk, with an estimated cost of $2,113,000. 

Upgrade Alternative 2—Two Diversion Pump Stations 
Diversion Pump Stations and Downstream Conveyance 
Table 7-2 shows the projected peak-hour flows at the Whidbey Diversion Pump Station and the RBC 
Diversion Pump Station. Installing the Whidbey Diversion Pump Station would significantly reduce the 
projected flows arriving at the RBC Diversion Pump Station. 

 

TABLE 7-2. 
PEAK-HOUR FLOWS AT DIVERSION PUMP STATIONS 

 Flowa (mgd) 
 Whidbey Diversion Pump Station RBC Diversion Pump Station 

2011 3.6 4.1 
2025 3.7 5.0 
Long term growth 11.2 10.1 
  

a.  Flows assume capacity restrictions in network are eliminated by system upgrades 

 

RBC Diversion Pump Station 
At the RBC Diversion Pump Station, the existing firm capacity (1.7 mgd) is just sufficient to handle the 
projected 2011 peak-hour flows, assuming that the RBC Plant can receive peak-hour flows of 2.6 mgd. 
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An increase in the pump capacity would be required prior to decommissioning of the RBC Plant. For this 
alternative it is recommended that the firm capacity be increased to facilitate 2025 flows (approximately 
6 mgd) and avoid sending large peaks through the RBC Plant. It is likely that this could be done without 
major rehabilitation of the station but installation of new pumps. 

More significant rehabilitation of the station would be required after 2025 to enable pumping of the 
projected flows under long term growth conditions. It is likely that the existing structure would be 
sufficient for the increased capacity. However, it would be recommended that additional space be retained 
adjacent to the station or within the compound to enable future expansion in the event that planning areas 
are modified. 

The existing 16-inch force main has an approximate maximum capacity of 7 mgd, assuming a maximum 
allowable velocity of 8 fps. This would be sufficient to convey projected 2025 flows and would not need 
upgrading until a later time unless investigations into the extent of corrosion indicate that parts require 
replacement for that reason. For planning purposes it has been assumed that the force main will not be 
replaced until after 2025. 

If a significant section of force main requires replacement then it should be sized to accommodate long 
term growth conditions, with a maximum capacity of approximately 11 mgd. Due to the corrosive ground 
conditions, it is recommended that design incorporate sufficient corrosion protection or a corrosion 
resistant pipe material such as HDPE not subject to corrosion. For planning purposes it was assumed that 
a single HDPE force main with internal diameter of 20-inches would be installed adjacent to the existing 
force main, which would be decommissioned following transfer of flow. 

The section of the 21-inch gravity sewer with capacity less than 6.0 mgd will be subject to some 
surcharging. As with Alternative 1, if this surcharging is not acceptable it would be necessary to upgrade 
its capacity. As with Alternative 1, it is assumed that larger diameter pipe sections upstream of other pipe 
sections would be accepted in order to limit the extent of upgrading required. 

As with Alternative 1, additional capacity in the inverted siphon would be required for flows under long 
term growth conditions. The extent of the additional capacity would be similar to Alternative 1 since it 
would receive the combined flow from the RBC Diversion Pump Station and the Whidbey Diversion 
Pump Station. As discussed previously it would be prudent to install additional prior to flooding of the 
salt marsh area.  

Based on the above analysis, the Alternative 2 improvements required to address long-term growth needs 
for conveying flows from the RBC Diversion Pump Station to the Seaplane Lagoon Plant are those 
identified as Projects 2a on Figure 7-16. Appendix H provides detailed location maps and cost estimates 
for each of these projects. From this set of projects, the following were identified for implementation 
within the 20-year planning period: 

• Project 2a(i), upgrading the RBC Diversion Pump Station to a capacity of 6 mgd, with an 
estimated cost of $1,856,000 

• Project 2a(vi), upgrading the inverted siphon to the Seaplane Lagoon headworks, with an 
estimated cost of $1,069,000. 

Whidbey Diversion Pump Station 
The Whidbey Diversion Pump Station may adopt a wet well submersible or a wet well/dry well 
configuration. An above-ground building is likely to be required, particularly for a wet well/dry well 
configuration. The associated structures should be designed where feasible to facilitate the future long 
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term growth flows and pumping capacity requirements. However, initial pump capacities in the station 
could be lower, in line with the projected flows at the interim planning horizons. 

Further study would be required for site selection for the Whidbey Diversion Pump Station. However, 
preliminary investigations have identified a number of potentially suitable sites near the intersection of 
Whidbey Ave and SR 20. Evaluation of space requirements for the facility should be undertaken, 
including consideration of odor control, chemical injection, surge protection and standby power 
generation. In addition, space should be reserved for future expansion of the facility in the event of 
modification to the planning boundaries. 

A new force main and gravity sewer would be required to convey wastewater to the inverted siphon. The 
alignment has been assumed to be similar to that proposed in the 1997 Comprehensive Plan, which routed 
the force main along Whidbey Avenue to Regatta Drive, with the gravity sewer routed on previously 
acquired easements across the Seaplane Base property to the connection with the inverted siphon. 

The projects associated with the new Whidbey Diversion Pump Station are identified as Projects 2b on 
Figure 7-16. All of the projects would be implemented within the 20-year planning period, and a single 
cost estimate was developed for the entire improvement. The estimated cost is $8,579,000. 

Gravity Collection Sewers 
The initially identified gravity sewer improvements to address long-term growth needs under Alternative 
2 consist of three sets of projects, one for each of the main sewer lines identified as deficient by the 
capacity analysis: Heller Street/Whidbey Avenue Trunk (Projects 2c); Goldie Street/SR 20 Trunk 
(Projects 2d); and Oak Harbor Street Trunk (Projects 2e). Appendix H identifies all these projects and 
provides a cost estimate for each. Figure 7-16 shows the project locations. By intercepting flow at the 
Whidbey Diversion Pump Station prior to 2011, the requirement to upgrade the Ely Street trunk sewer 
upgrade would be avoided. 

From the set of initially identified gravity sewer projects for Alternative 2, one main sewer line was 
identified as requiring upgrade within the 20-year planning period: 

• Project 2c(ii) on the Heller Street/Whidbey Avenue Trunk, with an estimated cost of 
$845,000 

The capacity analysis assumed that the sewers upstream of the Whidbey Diversion Pump Station would 
not be affected by backwater effects from the wet well. This assumption would need to be incorporated 
into the pump station design or the design of the upstream sewers would need to incorporate the 
backwater effects. 

Comparison of Alternative 1 and Alternative 2 
A life cycle cost analysis was performed to compare the relative economic merits of the alternatives. The 
analysis assumptions, detailed in Appendix I, include the following: 

• Calculations assume a real discount rate of 3.0 percent. 

• Costs do not include sewer upgrade projects along Heller Road, which are common to both 
projects. 

• Costs associated with land purchase for the Whidbey Diversion Pump Station or easement 
acquisition are excluded. 
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The projected cumulative costs for both alternatives are shown in Figure 7-17; the detailed life cycle cost 
analysis is included in Appendix H. The estimated net present cost is $16.5 million for Alternative 1 and 
$17.3 million for Alternative 2. While Alternative 1 was determined to be the more cost-effective 
solution, the difference in cost is relatively small. Therefore, other factors not fully reflected in the 
economic analysis may be of greater significance in the selection: 

• The City is currently evaluating redevelopment of the Windjammer Park area associated with 
removal of the RBC plant. 

• Alternative 1 is likely to require a larger compound footprint than Alternative 2 in the area of 
the existing RBC Diversion Pump Station, and this may not be preferable. 

• Alternative 1 would represent a significant deviation from the existing phased upgrading 
plans for the RBC Diversion Pump Station associated with the 1997 Comprehensive Plan; 

• Alternative 1 would require paralleling of the existing 16-inch force main with a larger force 
main than Alternative 2. This may increase the risk of significant utility conflict and could 
prevent the use of the existing routing. 

• Alternative 1 would result in all flow being conveyed along the one pipeline route with 
potentially a single force main, similar to all collection system pump stations. The City would 
need to review the reliability and vulnerability issues of using a single force main to convey 
the entire flow. Increased capital expenditure may be required to mitigate some of those 
factors. An evaluation of risk will be included in a Facility Plan to be developed as part of the 
treatment plant expansion process.  Alternative 2 which employs two pump stations may also 
offer some advantages for operational flexibility and reduction in vulnerability.  

• Alternative 2 assumes that upgrade of the 16-inch RBC Diversion Pump Station force main to 
increase its capacity will not be required until well beyond the 20 year planning horizon. 
However, if further investigation of the potential force main corrosion indicates a need for 
replacement sooner, then the advantage of the deferred cost would be negated. 

• The study assumed that the Seaplane Lagoon Plant area represents the location of treatment. 
If an alternative location were adopted, then this could have a significant impact on the 
economic analysis. 

Conclusion 
For the purposes of this report, Alternative 1 is recommended on the basis of the life cycle analysis. 
However, final selection of the Alternative will be undertaken by the City following more detailed 
analysis of the issue.  

OTHER SYSTEM IMPROVEMENTS 
Miscellaneous collection system projects that are relevant within the 20-year planning period are 
summarized below: 

• The existing Golf Course Lift Station was identified as potentially requiring additional pump 
capacity by 2025. 

• It is recommended that data logging capability be added at critical lift stations. This could 
record a range of operational data that would facilitate problem diagnosis and system 
planning, including instances of two-pump operation. Telemetry at critical lift stations may 
also be upgraded so that data can be transmitted and saved centrally for review. The 
estimated cost for lift station data logging and telemetry upgrades is $500,000. 
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…7. COLLECTION SYSTEM ANALYSIS 

• An additional generator is to be added at the NE 7th Street Lift Station to provide additional 
station reliability. Purchase of an additional standby generator may be required due to 
installation of new regional lift stations associated with peripheral development. For this plan, 
the estimated cost of purchasing an additional generator is $50,000 

• A study is planned to evaluate infiltration and inflow in the City’s collection system, to allow 
better estimates of existing and future flows and required system capacity. The estimated cost 
of this study is $175,000. 

• A study is planned to assess corrosion in the RBC Diversion Pump Station Force Main, in 
order to better determine when to upgrade the force main. The estimated cost of this study is 
$100,000. 
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Figure 7-17. Comparison of Cumulative Net Present Costs 
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CHAPTER 8. 
WASTEWATER TREATMENT ALTERNATIVES 

 

This chapter reviews the City of Oak Harbor’s existing treatment facilities, including their history, 
outfalls, land use considerations, permit compliance and biosolids. It reviews existing and future 
wastewater flows and loads expected in the City through year 2025. It also reviews effluent disposal 
alternatives and preliminary alternatives for improving the City wastewater treatment plants for the 
projected wastewater flows and loads.  

EXISTING TREATMENT FACILITIES 
The City currently operates two wastewater treatment facilities: the RBC Plant and the Seaplane Lagoon 
Plant. The locations of the plants and their outfalls are shown in Figure 6-1.  

RBC Plant  
History 
The RBC Plant was constructed in 1978 to upgrade an existing primary treatment plant that was 
constructed in 1954. Parts of the primary treatment plant, including the primary clarifiers and a digester, 
were incorporated into the RBC Plant design. The treatment processes include pretreatment screening, 
primary and secondary clarifiers, and two parallel trains of RBCs, followed by a chlorine disinfection 
facility and two sludge digesters. A gravity thickener was added in 1997.  

In response to increasing flows and loads in the late 1980s, additional treatment capacity was sought to 
handle future City growth. A pump station was constructed at the RBC Plant to divert flows in excess of 
0.7 mgd to the Seaplane Base sewage lagoons, starting in March 1991. A mechanical screen and 
screenings washer compacter were added to the RBC Diversion Pump Station in 1997. On-site chlorine 
power generation facilities and dechlorination with calcium sulfate were added later. The current 
configuration of the RBC Plant is shown in Figure 8-1; Appendix J includes design criteria and process 
schematics. The plant’s capacity ratings are as follows: 

• Rated maximum-month flow = 0.7 mgd 

• Rated maximum-month BOD = 2,000 ppd 

Outfall 
Disinfected secondary effluent from the RBC Plant is discharged into Oak Harbor through an 18-inch-
diameter corrugated metal outfall. The outfall is 1,160 feet long and terminates with a diffuser section that 
has four 8-inch side ports, a 6-inch top port and an 8-inch top port. The diffuser section is at 15 feet below 
mean lower low water (MLLW) (78.59 feet City datum).  

Land Use Issues 
The RBC Plant is located on the shoreline of Oak Harbor next to Windjammer Park. The City’s master 
plan for the park recommends demolishing the RBC Plant to eliminate odors and aesthetic issues 
associated with the plant and enhance the park. The master plan calls for construction of a destination 
resort hotel adjacent to the park, and the presence of the plant in the park is considered incompatible with 
this land use. 
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…8. WASTEWATER TREATMENT ALTERNATIVES 

Permit Compliance 
Table 8-1 summarizes effluent limits established in the City’s NPDES permit for the RBC Plant.  

 

TABLE 8-1. 
NPDES PERMIT LIMITS FOR RBC PLANT OUTFALL 

Carbonaceous Biochemical Oxygen Demand (5-day) 
Max. Average Monthly Concentration  25 mg/L 
Max. Average Monthly Load 146 ppd 
Min. Average Monthly Removal of Influent Load 85% 
Max. Average Weekly Concentration  40 mg/L 
Max. Average Weekly Load 233 ppd 

Total Suspended Solids 
Max. Average Monthly Concentration  30 mg/L 
Max. Average Monthly Load 175 ppd 
Min. Average Monthly Removal of Influent Load 85% 
Max. Average Weekly Concentration 45 mg/L 
Max. Average Weekly Load 263 ppd 

Fecal Coliform Bacteria 
Max. Average Monthly Concentration 200/100 mL 
Max. Average Weekly Concentration 400/100 mL 

Daily pH 
Minimum 6 
Maximum 9 

Total Residual Chlorine 
Max. Average Monthly Concentration 0.114 mg/L 
Max. Daily Concentration 0.26 mg/L 

 

In recent years the RBC Plant has continuously met the NPDES effluent limits, with the following 
exceptions: 

• In June 2005, the plant violated its permit requirement for monthly-average fecal coliform 
with a reading of 800/100 mL.  

• In August 2004, the plant violated its permit requirement for monthly average chlorine 
residual with a reading of 0.33 mg/L.  

• In August and September 2004, the plant violated its permit requirement for peak day 
chlorine residual limit with total residual chlorine ranging from 0.28 mg/L to 0.39 mg/L. 

Biosolids  
Primary and secondary sludge flows from the clarifiers at the RBC Plant are sent to a gravity thickener. 
The thickened sludge is processed through one primary and two secondary digesters. The digested sludge 
is pumped to the RBC Diversion Pump Station, which pumps it to the Seaplane Lagoon Plant. 
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City of Oak Harbor Comprehensive Sewer Plan… 

Seaplane Lagoon Plant  
History 
The Seaplane lagoons were constructed and operated by NAS Whidbey to serve the Seaplane Base. The 
original plant included a large facultative cell and a small settling cell, each 3 to 4 feet deep, a physical-
chemical system for polishing lagoon effluent followed by chlorine disinfection, and a marine outfall 
discharging into Crescent Harbor.  

In 1990, the City secured a 50-year lease from the Navy to operate the lagoons. The City upgraded the 
lagoons to 2.5 mgd monthly average capacity to serve both the Seaplane Base and the City of Oak 
Harbor. With construction of the RBC Diversion Pump Station in 1991, City flows in excess of 0.7 mgd 
were diverted from the RBC Plant to the Seaplane Lagoon Plant.  

The City upgraded the lagoons by converting them to a deeper three-cell aerated lagoon system 
(northwest, northeast and southeast cells) followed by new chlorine disinfection and effluent pumping 
systems. Space was reserved to construct a fourth (southwest) cell as needed for expansion. Mechanical 
surface aerators were added to the lagoons to provide aeration and mixing. The physical-chemical effluent 
polishing system was retained. It includes two flash mix basins, two flocculation basins and two 
rectangular clarifiers, and can feed both ferric sulfate and polymer. The polishing system’s capacity 
remains at 0.885 mgd average flow.  

In 2004, the northwest lagoon was divided, and approximately one-third of the volume at the head of the 
cell was converted to an anaerobic pretreatment cell. The pretreatment cell was designed to increase BOD 
and solids removal capacity, reduce algae growth in downstream cells and improve final effluent quality.  

The current configuration of the lagoon plant is shown in Figure 8-2. The plant’s capacity ratings are as 
follows: 

• Rated maximum-month flow = 2.5 mgd 

• Rated maximum-month BOD = 4,580 ppd 

• Rated maximum-month TSS = 5,130 ppd 

Outfall 
Disinfected effluent from the lagoon plant is discharged into Crescent Harbor through an 18-inch 
diameter outfall. The outfall is 3,284 feet long and terminates at -44 feet MLLW (49.59 feet City datum). 
The diffuser is 184 feet long with 24 2.25-inch ports alternately spaced on 8 foot centers.  

Land Use Issues 
The Seaplane Lagoon Plant is constructed in the center of the Crescent Harbor Salt Marsh as shown in 
Figure 2-3. This marsh was once the largest (300 acres) open barrier salt marsh on Whidbey Island. 
However, access roadways, sewer berms and sewage lagoon dikes constructed in the marsh currently 
restrict tidal exchange and fresh water drainage through the marsh. 
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City of Oak Harbor Comprehensive Sewer Plan… 

Island County and the Navy are developing plans to restore approximately 200 acres of the marsh as 
natural wetlands and juvenile salmon rearing habitat. An initial analysis prepared for the County and 
Navy indicated that the proposed increases in tidal circulation would result in an average water surface 
elevation of approximately 5.5 feet MSL (105.5 feet City datum). This corresponds to 3-foot average 
depth of water over the marsh plain and 1 foot average depth over the west sewer berm that covers the 
lagoon plant’s siphon influent pipe. Higher water levels will occur during high tide and storm events. The 
analysis concluded that these water levels would have limited impact on the sewer berms and lagoon 
dikes, and the impacts could be mitigated with modest improvements (PWA 2003).  

Subsequent analysis by the City indicates that the proposed increased tidal flow will have more 
substantial impacts. The City analysis indicates that the outside flanks of the sewer berms and dikes could 
be eroded by wave action because they are constructed with 2:1 slopes and have no erosion protection. 
Also, during periods of high tide and severe storm events, high water would overtop the treatment plant 
access road and flood the south area of the plant (URS 2005).  

Permit Compliance 
The NPDES permit for the Seaplane Lagoon Plant establishes effluent limits for CBOD, TSS, fecal 
coliform bacteria, pH, and total residual chlorine, as summarized in Table 8-2 

 

TABLE 8-2. 
NPDES PERMIT LIMITS FOR SEAPLANE LAGOON PLANT OUTFALL 

Carbonaceous Biochemical Oxygen Demand (5-day) 
Max. Average Monthly Concentration  25 mg/L 
Max. Average Monthly Load 521 ppd 
Min. Average Monthly Removal of Influent Load 85% 
Max. Average Weekly Concentration  40 mg/L 
Max. Average Weekly Load 834 ppd 

Total Suspended Solids 
Max. Average Monthly Concentration  75 mg/L 
Max. Average Monthly Load 1,564 ppd 
Min. Average Monthly Removal of Influent Load 65% 
Max. Average Weekly Concentration 110 mg/L 
Max. Average Weekly Load 2,294 ppd 

Fecal Coliform Bacteria 
Max. Average Monthly Concentration 200/100 mL 
Max. Average Weekly Concentration 400/100 mL 

Daily pH 
Minimum 6 
Maximum 9 

Total Residual Chlorine 
Max. Average Monthly Concentration 0.5 mg/L 
Max. Daily Concentration 0.75 mg/L 
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…8. WASTEWATER TREATMENT ALTERNATIVES 

CBOD and TSS 
Figures 8-3 and 8-4 show that the Seaplane Lagoon plant consistently meets permit limits for CBOD and 
TSS. Since startup of the anaerobic pretreatment cells in 2005, the monthly-average effluent CBOD 
concentration has dropped to below 20 mg/L. Effluent TSS meets the current permit limit of 75 mg/L but 
has not improved since startup of the anaerobic cells. The plant would not meet a 30mg/L effluent limit 
that could be required by Ecology if the City expands the lagoon capacity above the current capacity 
rating of 2.5 mgd, as discussed later in this chapter. 

Fecal Coliform Bacteria  
Figure 8-5 shows that effluent fecal coliform counts generally meet the NPDES permit limit of 
200/100 mL (monthly average) and 400/100 mL (weekly-average). In March 2004, the plant slightly 
violated the monthly average permit limit.  

pH  
Effluent pH was within the permit limits during the period reviewed. Average pH measurements typically 
were between 6.5 and 8. The highest pH reading, 8.8, occurred in April 2001. Figure 8-6 shows that 
effluent pH decreases during the summer the. This is attributed to partial nitrification, which reduces 
alkalinity and increases the concentration of nitrite in the lagoon. In response to low pH, the City has been 
adding soda ash to improve nitrification and denitrification and reduce nitrite concentrations. Figure 8-6 
demonstrates that alkalinity and pH increase when the City adds soda ash to the lagoons during the 
summer.  
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Figure 8-3. Historical Monthly Average Effluent CBOD Data 
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Figure 8-4. Historical Monthly Average Effluent TSS Data 
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Figure 8-5. Historical Monthly Average Effluent Fecal Coliform Concentrations 
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Figure 8-6. Historical Daily Effluent pH, Alkalinity and Soda Ash Dose 

Total Residual Chlorine 
The NPDES permit limits the monthly-average total chlorine residual to 0.5 mg/L and the maximum-
daily residual to 0.75 mg/L. The monthly-average effluent chlorine residual has ranged between 0.32 and 
0.38 mg/L, well below the permit limit.  

Biosolids 
Prior to construction of the anaerobic pretreatment cells, the aerobic lagoons stored the incoming waste 
sludge. In the past, removal of biosolids from the aerobic lagoons consisted of contract dredging and 
disposal. The new anaerobic pretreatment cells commissioned in December 2004 were designed with a 
manifold piping system to pump sludge directly from the anaerobic cells. To date, the manifold piping 
system has not been used.  

Biosolids removed from the northwest lagoon during 2002 and 2004 sludge removal projects were used to 
evaluate the total mass of biosolids accumulated since the Seaplane Lagoons were leased to the City in 
1991. The total biosolids removed between the two sludge removal projects was 2,043 dry tons. It is 
estimated that the lagoons yielded 0.30 pounds of biosolids (waste sludge) per pound of influent BOD.  

Testing conducted in year 2002 indicated that the biosolids met all criteria for “exceptional quality” as 
defined in federal 503 regulations. The biosolids also met the Class B requirement for testing of fecal 
coliform.  
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WASTEWATER FLOWS AND LOADS 
This section reviews historical wastewater flows and loads and estimates future wastewater flows and 
loads through 2025. The flow and load analysis is explained in detail in a separate technical memorandum 
(Tt/KCM, March 1, 2006).  

Historical Flows 
The City continuously monitors wastewater flow to the Seaplane Lagoon Plant at the headworks with a 
Parshall flume. The Seaplane Lagoon Plant influent flow includes flows from the Seaplane Base, the 
Capehart housing facilities and the RBC Diversion Pump Station. 

Flows from the Seaplane Base and Capehart facilities are monitored with two independent Parshall 
flumes, so it is possible to independently characterize wastewater flows from the Navy facilities and the 
rest of the City. The influent flow to the RBC Plant is not monitored, but the effluent flow is monitored 
and can be used to estimate the RBC Plant influent flow. For this evaluation, the influent wastewater flow 
to the RBC plant is assumed to be equal to the effluent flow rate. The total City wastewater flow then is 
estimated as the sum of all the Seaplane Lagoon Plant influent flows and the RBC Plant effluent flow. 
Figure 8-7 shows the total daily flow from 1999 through 2005, and Figure 8-8 shows the average daily 
total flow for each year from 2001 through 2005. In general, the data indicate that there has been no 
significant change in the flows over the last six years.  
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Figure 8-7. Daily Wastewater Flow 
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Figure 8-8. Average Daily Wastewater Flow 

Historical BOD Loads 
The records of BOD5 loads in the City’s wastewater over the last five years (see Figures 8-9 and 8-10) 
show a trend of gradual increase that appears to be congruent with the rate of growth in the portion of the 
City outside the Seaplane Base. BOD5 loads from the Seaplane Base gradually increased until January 
2002, then remained relatively constant until about May 2003, at which time the loads declined steadily 
until August 2003.  

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

1-
Ja

n-
99

29
-A

pr-
99

25
-A

ug
-9

9

21
-D

ec
-9

9

17
-A

pr-
00

13
-A

ug
-0

0

9-
Dec

-00

6-
Apr-0

1

2-
Aug

-01

28
-N

ov
-0

1

26
-M

ar-
02

22
-Ju

l-0
2

17
-N

ov
-0

2

15
-M

ar-
03

11
-Ju

l-0
3

6-
Nov

-03

3-
Mar-0

4

29
-Ju

n-0
4

25
-O

ct-
04

20
-F

eb
-0

5

18
-Ju

n-0
5

14
-O

ct-
05

B
O

D
5 

Lo
ad

, p
pd

combined City BOD5 load Navy BOD5 load

 
Figure 8-9. Daily BOD5 Load 
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Figure 8-10. Average Daily BOD5 Load 

Historical TSS Loads 
The records of TSS loads in the City’s wastewater over the last five years (see Figures 8-11 and 8-12) 
show a trend of gradual increase that appears to be congruent with the rate of growth in the portion of the 
City outside the Seaplane Base. TSS loads from the Seaplane Base gradually increased until January 
2002, then remained relatively constant until about May 2003, at which time the loads declined steadily 
until May 2003. The discharge of anaerobically digested sludge from the RBC plant has a significant 
effect on the TSS concentration and load of the influent wastewater to the lagoon. 
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Figure 8-11. Daily TSS Load 
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Figure 8-12. Annual Daily TSS Loads 

Projected Flows and Loads 
Population in the portion of the City outside the Seaplane Base is projected to increase from 17,800 at the 
end of 2005 to 24,300 at the end of 2025. The population of the Seaplane Base is projected to remain at 
the 2005 level of 4,400 through 2025. Estimated future flows and loads were calculated based on the 
growth projections and the per capita flows and loads shown in Tables 8-3 and 8-4. Table 8-5 shows the 
projected flows and loads. 

Figures 8-13, 8-14 and 8-15 show the projections for flow, BOD5 and TSS along with the combined 
existing capacity of the RBC and Seaplane Lagoon Plants. Existing flows are close to 85 percent of the 
combined maximum-month flow capacity rating of the plants; future flows are expected to reach the 
combined design capacity of the plants by 2017. The plants have significant reserve capacity for BOD 
loads; the projections indicate that BOD will reach 85 percent of the maximum-month capacity rating 
around 2018, and the full combined capacity rating after 2025. The plants also have some reserve capacity 
for TSS; the projections indicate that TSS will reach 85 percent of the maximum-month capacity rating 
around 2008 and the full combined capacity rating around 2019. 

Flow and Load Conclusions 
This analysis of flows and loads indicates that in the near future the City needs to prepare a wastewater 
facility plan to expand the capacity of its treatment facilities for future flows. Ecology’s policy is to 
require preparation of a facility plan when any of the three common design parameters, such as flow, 
BOD or Suspended Solids exceed  85 percent of the maximum-month rating for three consecutive 
months.  
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TABLE 8-3. 
CRITERIA FOR PROJECTING RAW WASTEWATER FLOWS AND LOADS FOR THE 

CITY OUTSIDE THE SEAPLANE BASE FOR 2006 THROUGH 2025 

Condition 
Unit Flow  

(gallons per capita/day) 
Unit BOD5 

(pounds per capita/day) 
Unit TSS 

(pounds per capita/day)

Average Annual 84  0.18  0.19  
Maximum Month 121  0.21  0.28  
Maximum Day 185  0.32  0.45  

 

TABLE 8-4. 
CRITERIA FOR PROJECTING RAW WASTEWATER FLOWS AND LOADS  

FOR THE SEAPLANE BASE FOR 2006 THROUGH 2025 

Condition 
Unit Flow  

(gallons per capita/day) 
Unit BOD5 

(pounds per capita/day) 
Unit TSS 

(pounds per capita/day)

Average Annual 102  0.18  0.14  
Maximum Month 127  0.22  0.19  
Maximum Day 327  0.28  0.26  

 

TABLE 8-5. 
PROJECTED RAW WASTEWATER FLOWS AND LOADS THROUGH 2025 

 2005 2010 2015 2020 2025 

City Proper Population 17,800 19,400 21,000 22,700 24,300 
Navy Population 4,400 4,400 4,400 4,400 4,400 
Flow (mgd)      

Average Annual 1.94 2.08 2.22 2.36 2.50 
Maximum Month 2.71 2.91 3.11 3.31 3.51 
Maximum Day 4.73 5.03 5.34 5.64 5.95 

BOD (ppd)           
Average Annual 3992 4,288 4,584 4,880 5,177 
Maximum Month 4,702 5,047 5,392 5,738 6,084 
Maximum Day 6,920 7,447 7,973 8,499 9,026 

TSS (ppd)           
Average Annual 3,993 4,305 4,618 4,931 5,243 
Maximum Month 5,812 6,273 6,733 7,194 7,655 
Maximum Day 9,140 9,881 10,621 11,361 12,102 
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Figure 8-13. Average Flow Projection and Treatment Capacity 
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Figure 8-14. Average BOD5 Projection and Treatment Capacity 
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Figure 8-15. Average TSS Projection and Treatment Capacity 

EFFLUENT DISPOSAL 
This section reviews alternatives for disposal of effluent from the City’s treatment facilities. Effluent 
discharge criteria are the key parameters controlling treatment requirements. Treated wastewater effluent 
must be disposed of or reused. The City of Oak Harbor disposes of treated effluent by discharge through 
its outfalls to Oak Harbor and Crescent Harbor. Alternatively, effluent could be discharged to a Puget 
Sound outfall, land-applied for disposal or reused elsewhere in the City. 

The City expects to use the Oak Harbor outfall with the RBC treatment plant until the plant is eliminated 
as recommended in the master plan for Windjammer Park. With this approach, peak flows through the 
Oak Harbor outfall will be limited to the existing 2.6 mgd peak capacity of the RBC plant. 

The City expects to use the Crescent Harbor outfall through the end of the planning period in 2025. The 
peak flow to the Seaplane lagoon plant could reach 9.7 mgd if the RBC plant is retained through 2025, 
and 12.3 mgd if the RBC plant is eliminated by 2025. These peak flows exceed the existing peak 
hydraulic capacity of the Crescent Harbor outfall, which is 5 mgd with both effluent pumps running. The 
high peak wastewater flows will need to be stored and equalized to 5 mgd in the Seaplane lagoons to 
avoid the expense of replacing the outfall with a larger pipe. A new outfall dilution zone study may be 
needed to confirm that the existing outfall provides sufficient dilution for increased average flows.  

Additional effluent disposal and reuse alternatives can be considered in the future when the City prepares 
a wastewater facility plan. These alternatives could include a new plant with an outfall to Puget Sound, 
joint treatment and discharge through the Ault Field plant and outfall, or a new wastewater reclamation 
plant and effluent reuse. 
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Effluent Discharge Limits 
Currently, effluent discharges through the Oak Harbor and Crescent Harbor outfalls are regulated by 
technology-based effluent limits that require secondary treatment. A standard requirement for secondary 
treatment is that effluent BOD and TSS concentrations not exceed 30 mg/L. However, both City 
treatment plants qualify for exceptions to this requirement and are regulated by alternative effluent limits 
established in the NPDES permit:  

• The effluent limits for the RBC Plant require monthly-average effluent CBOD to be 25 mg/L 
or less and monthly-average TSS to be 30 mg/L or less. 

• The effluent limits for the Seaplane Lagoon Plant require monthly-average CBOD to be 
25 mg/L or less and TSS to be 75 mg/L or less.  

The effluent limits for the RBC plant are expected to be the same if it continues to operate through 2025.. 
The effluent limits at the Seaplane Lagoon are “grandfathered” at the approved hydraulic rating of 2.5 
mgd, and they will stay the same as long as lagoon-based treatment is not expanded beyond the currently 
rated capacity.  If lagoon-based treatment is expanded beyond 2.5 mgd, then the resulting facility will be 
expected to meet standard secondary treatment limits. Expanding service with a parallel conventional 
plant could allow the City to maintain some form of alternative limits. Ecology does have authority to 
establish “performance-based” limits for lagoon facilities and may exercise this authority in future 
permits.  

The Washington State DNR could require more treatment at the Seaplane Lagoon Plant than standard 
secondary treatment because the outfall lease issued by DNR in 2004 requires the City to reduce 
discharges through the Crescent Harbor outfall. Alternatively. DNR may accept more flow through the 
Crescent Harbor outfall, such as if the effluent meets standard 30-mg/LTSS effluent limits rather than the 
current limit of 75 mg/L. This might be acceptable to DNR because it would allow the City to eliminate 
discharges through the existing Oak Harbor outfall and would reduce TSS emissions below the current 
combined TSS discharges through the two outfalls at the projected maximum-month flow of 3.5 mgd. 
The effluent limit for CBOD would need to be below 22 mg/L to reduce emissions below the current 
combined CBOD discharges of the RBC and Seaplane Lagoon plants.  

TREATMENT PLANT ALTERNATIVES 
This section evaluates alternatives for improving the City’s wastewater facilities to accommodate 
projected future flows and loads.  

Treatment Plant Design Conditions 
The evaluation of treatment plant improvement alternatives for this report is based on the flows and loads 
shown in Table 8-5. The evaluation also relies on the following general assumptions: 

• The Seaplane Lagoon Plant is the preferred site for the City’s treatment plant through 2025. 

• The RBC Plant will be demolished as soon as economically feasible.  

• Other treatment plant sites can be considered when the City prepares a wastewater facility 
plan in the future. The comprehensive sewer plan will need to be updated if an alternative site 
is selected. 

• Ecology and DNR will allow average flows up to 3.5 mgd to be discharged through the 
existing Seaplane Lagoon Plant outfall to Crescent Harbor.  
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• A new dilution zone study may be required to verify that the outfall will provide sufficient 
dilution for 3.5 mgd average flows. 

• Ecology will require standard 30 mg/L TSS effluent limits for the entire 3.5 mgd average 
flow expected in the City by 2025. 

• DNR may require mass emissions of BOD and TSS below current permit levels, additional 
disinfection to reduce shellfish closure zones, additional ammonia and priority pollutant 
removal to reduce effluent toxicity and water reuse to reduce discharges into Oak Harbor 

Treatment Alternatives 
This section analyzes alternatives for achieving an acceptable level of secondary treatment for the City of 
Oak Harbor throughout the planning period. Four alternatives were evaluated as discussed below. 
Additional alternatives can be developed in the future when the City prepares a wastewater facility plan.  

Alternative 1—RBC and Lagoon Plants 
This alternative would continue the use of the RBC Plant to treat average flows of 0.7 mgd, and all other 
flows would be diverted to the Seaplane Lagoon Plant for treatment. The Seaplane Lagoon Plant would 
be upgraded to 3.0-mgd average flow capacity. This approach would build an anaerobic pretreatment cell 
in the southwest lagoon and add effluent filtration, with a capacity for average flows of 3.0 mgd, to meet 
30 mg/L TSS effluent limits throughout the year. This alternative is shown in Figure 8-16. In the future it 
may be possible to eliminate the filters from this alternative if the recently installed anaerobic 
pretreatment cells improve performance of the existing lagoons as expected by the designer. However, 
this report assumes that filters are needed to meet 30 mg/L TSS.  

Alternative 2—Lagoon Plant 
This alternative would eliminate the RBC Plant and treat all flows at the Seaplane Lagoon Plant. The 
Seaplane Lagoon Plant would be upgraded to 3.5-mgd average flow capacity. This approach is the 
same as Alternative 1, except that the effluent filters would be rated for 3.5 mgd. This alternative is 
also shown in Figure 8-16. 

Alternative 3—Activated Sludge Plant 
This alternative would eliminate the RBC Plant and treat all flows at the Seaplane Lagoon Plant site. The 
lagoon plant would be converted to a 3.5-mgd activated sludge plant to provide secondary treatment. The 
existing northwest lagoon would store peak raw sewage flows and stabilize waste sludge, and the 
northeast and southeast cells would store treated effluent flows that exceed the 5-mgd capacity of the 
existing outfall. This alternative is shown in Figure 8-17. 

Alternative 4—Membrane Bioreactor Plant 
This alternative would eliminate the RBC Plant and treat all flows at the Seaplane Lagoon Plant site. The 
lagoon plant would be converted to a 3.5-mgd membrane bioreactor (MBR) plant to provide secondary 
treatment and polish the effluent to meet Class A reclaimed water standards. Like Alternative 3, the 
existing lagoons would be used for raw sewage storage, treated effluent storage and sludge stabilization. 
This alternative is shown in Figure 8-18. 

Common Elements 
The following common improvements are included in all treatment alternatives: 

• Construct new headworks with mechanical screen, grit removal and flow measurement. 
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• Upgrade the existing chlorine disinfection system including expanded chlorine contact tank, 
larger on-site chlorine generation system, larger hypochlorite and bisulfate feed systems, 
chemical storage tanks, lagoon water pump station and larger effluent pumps. 

• Protect the lagoon facilities from erosion and flooding that could occur because of increased 
tidal circulation around the lagoons proposed in the Crescent Harbor Marsh Restoration 
Project. Improvements include gabions on the outside flanks of the lagoon dikes and sewer 
berms, and flood control dikes around the Capehart headworks and the existing chlorination 
and physical-chemical treatment facilities. 

• Construct a new control building at the lagoon plant for Alternatives 2, 3 and 4, including 
offices, laboratory and maintenance facilities. 

• Demolish the existing RBC treatment plant for Alternatives 2, 3 and 4. (The existing 
diversion pump station at the RBC plant will be retained and remodeled to convey all sewage 
flows to the lagoon plant, as described separately in Chapter 7.) 

• Sludge disposal will continue to be accomplished by contract dredging and disposal. 

Cost Comparison 
Table 8-6 shows the total capital costs associated with each alternative. Alternative 1 has the lowest 
capital costs at approximately $19.4 million. If the City eliminates the RBC plant, Alternative 3 has the 
lowest capital cost at approximately $21.5 million. Alternative 2 would be the least costly alternative to 
eliminate the RBC plant, if the anaerobic pretreatment cells can reduce effluent TSS to 30 mg/L, because 
this would eliminate the cost for effluent filters.  

 

TABLE 8-6. 
ESTIMATED CAPITAL COSTS FOR TREATMENT PLANT ALTERNATIVES 

 
Alternative 1 

RBC & Lagoon 
Alternative 2 

Lagoon 

Alternative 3 
Activated 

Sludge 
Alternative 4 

MBR 

Headworks $591,965 $591,965 $591,965 $932,713
Anaerobic Cell in Southwest Lagoon $3,008,258 $3,008,258 $0 $0
Effluent Filtration $4,933,340 $6,084,453 $0 $0
Aeration Basins  $0 $0 $2,142,635 $0
Clarifier system  $0 $0 $4,799,145 $0
Lagoon Pump Station $0 $0 $203,619 $203,619
MBR system $0 $0 $0 $14,800,000
Disinfection & Effluent Pumping $1,761,873 $1,965,460 $1,965,460  $1,965,460 
Control Building $0 $1,257,388 $1,257,388  $1,257,388 
Wetland Dike Upgrades $917,689 $917,689 $917,689 $917,689
RBC Plant Demolition $0 $510,730 $510,730 $510,730

Subtotal  $11,213,125 $14,335,942 $12,388,629  $20,587,598 

Contingency (30%) $3,363,937 $4,300,782 $3,716,589  $6,176,279 
Total estimated construction cost $14,577,062 $18,636,724 $16,105,218  $26,763,877 
Engineering Design (15%) $2,186,559 $2,795,509 $2,415,783  $4,014,582 
Construction Management (10%) $1,457,706 $1,863,672 $1,610,522  $2,676,388 
Sales Tax (8.3%) $1,209,896 $1,546,848 $1,336,733  $2,221,402 

Total Estimated Capital Cost $19,431,000 $24,843,000 $21,468,000  $35,676,000 
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Qualitative Comparison 
The key qualitative differences among the alternatives are summarized in Table 8-7. 

TABLE 8-7. 
QUALITATIVE SUMMARY OF SECONDARY PROCESS ALTERNATIVES 

 

RBC Plant & 
Lagoons with 

Filters 
(Alt. 1) 

Lagoons with 
Filters 
(Alt. 2) 

Activated Sludge 
(Alt. 3) 

MBR Process
(Alt. 4) 

Eliminates Outfall and Treatment 
Plant at Windjammer Park? 

No Yes Yes Yes 

Room for Expansion and Solids 
Facilities? 

No No Yes Yes 

O&M Complexity High Moderate Low to Moderate High 
Performance History Relatively few 

installations, good 
to moderate 
performance 

Relatively few 
installations, good 

to moderate 
performance 

Well proven, 
good performance 

New process, 
very good 

performance 

Class A Water Reuse Potential None None Good with added 
filters 

Excellent 

Shellfish Closure Zone Size Smallest Smallest Medium  Small 
Ammonia Removal  Poor Poor Excellent Excellent 

 

Treatment Plant Conclusions 
Based on the cost and qualitative considerations discussed above, Alternative 3, Activated Sludge, is the 
most promising alternative for meeting the City’s treatment requirements through the end of the planning 
period. This is a preliminary conclusion and additional alternatives will be evaluated in more detail when 
the City prepares a wastewater facility plan to expand the plant in the future.  
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CHAPTER 9. 
RECOMMENDED IMPROVEMENTS 

 

This chapter summarizes recommended upgrade projects and associated costs for the City of Oak Harbor 
wastewater collection system (see Figure 9-1). It also identifies potential upgrades to the wastewater 
treatment facilities that would meet the City’s treatment requirements through the end of the planning 
period in 2025. A wastewater facilities plan will need to be prepared before proceeding with the identified 
treatment facility improvements. 

COLLECTION SYSTEM IMPROVEMENTS 
System Expansion 
The expansion of the collection system required to serve peripheral areas of development is discussed in 
detail in Chapter 7 of this report. Detailed cost estimates are included in Appendix H. Projects to be 
implemented within the 20-year planning period were identified following consultation with the City. 
Table 9-1 summarizes the proposed improvements to be undertaken by the City during the 20-year 
planning period and provides planning-level project cost estimates. 

Existing System Upgrades 
Upgrades of the existing collection system to serve projected population growth and development are 
discussed in detail in Chapter 7. Alternative 1, which continues to use the RBC Diversion Pump Station to 
convey all flows from the City proper to the Seaplane Lagoon Plant was determined to be slightly more 
cost-effective than Alternative 2 (installation of an additional pump station close to the intersection of 
Whidbey Avenue and SR 20). Alternative 1 projects that would be implemented within the 20-year 
planning period have been incorporated into the recommended upgrade projects, as detailed in Table 9-1. 
Detailed cost estimates are included in Appendix H. 

Operation and Maintenance 
The proposed collection system improvements will entail additional operation and maintenance (O&M): 

• At the RBC Diversion Pump Station, the upgraded capacity and projected growth in flow will 
result in higher power consumption and associated costs. The upgrade may also increase the 
requirement for odor control supplies.  

• With additional lift stations in the development areas, there will be an associated increase in 
power consumption. Further, these lift stations should be incorporated into the weekly 
inspection and regular maintenance schedules. This will result in an increase in staff hours. 

• Additional trunk sewers should be added to the inspection and cleaning schedule, which will 
increase the staff hours associated with these tasks. 
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TABLE 9-1. 
SUMMARY OF RECOMMENDED COLLECTION SYSTEM IMPROVEMENTS 

Project 
No. Location Description 

Planning 
Level Cost 

Collection System Expansion 
A1 Scenic Heights Scenic Heights Lift Station and Force Main $595,000 
A2 Scenic Height Scenic Heights Gravity Trunk Sewers $705,000 
C1 Crosby Road Crosby Road Lift Station and Force Main $1,816,000 
D1 Heller Road/Goldie Road Goldie Road Lift Station and Force Main $1,865,000 
D2 Heller Road/Goldie Road Trunk Sewer from Goldie Road to Proposed Lift Station  $2,617,000 
B1 Swantown Road/ Fort 

Nugent Avenue 
Fairway Lane Lift Station, Force Main and D/S Trunk 
Extension  

$3,341,000 

Subtotal $10,939,000 

Existing Collection System Upgrades 
1a(i) RBC Pump Station Upgrade RBC PS to 10 mgd $1,856,000 
1a(ii) RBC Pump Station to 

Seaplane Base 
Upgrade RBC PS Force Main $6,123,000 

1a(v) Seaplane Base Upgrade of Inverted Siphon Capacity to Lagoon Headworks $1,069,000 
1b(ii) Heller Road/Whidbey St. Interim Upgrades to Heller Road and Whidbey St. Trunk 

Sewer 
$845,000 

1e(i) Ely Street to City Beach Interim Upgrade to Ely Street Sewer to RBC Pump Station $2,113,000 

Subtotal $12,006,000 

Other System Improvements 
1 Various Lift Stations Install data logging/telemetry at critical lift stations. $500,000 
2 NE 7th Lift Station Purchase an additional permanent standby generator $50,000 
3 System Wide Infiltration / Inflow and Flow Monitoring Study  $175,000 
4 RBC Diversion Pump 

Station Force Main 
Corrosion Study 100,000 

Subtotal $825,000 
  

All costs are in December 2005 dollars (ENR Cost Index for Seattle = 8458; 20-City Index = 7647). 

 

Emergency Response Plan 
As discussed in Chapter 6, the City does respond to wastewater emergencies, however, a response plan 
has not been formally documented. Ecology strongly recommends that the City develop and adopt an 
emergency response plan to ensure compliance with state regulations, and the City plans to develop a 
formal emergency response plan for the collection system and treatment plants.  

Emergency response planning is a process by which wastewater system managers and staff explore 
responses to vulnerabilities, make improvements, and establish procedures to follow in an emergency. It 
is also a process that encourages partnerships and better understanding of support capabilities. Preparing 
an emergency response plan and practicing it has potential to save lives, prevent illness, enhance system 
security, minimize property damage and environmental impact, and lessen liability.  
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…9. RECOMMENDED IMPROVEMENTS 

Four key references provide a framework for the development of the emergency response plan: 

• Ecology regulations. WAC 173-240-080, subsections 4(j) and 4(l) require wastewater facility 
Operation and Maintenance manuals to include emergency response plans and procedures  

• Ecology Orange Book. The Orange Book, section G1-4.4.2 and table G1-3 provide guidance 
on the expected content of wastewater facility O&M manuals, including emergency response 
and safety content. 

• Emergency Response Plan Guidance for Wastewater Systems, Final Report 2004, WERF – 
Water Environment Research Foundation. Based on the WERF document the emergency 
response plan could have eight chapters, as follows: 

— Introduction 

— General Emergency Planning Information 

— Emergency Response Plan – Core Elements 

— Decision Process and Emergency Response Plan Activation 

— Emergency Response, Recovery and Termination 

— Action Plans 

— Emergency Plan Approval, Update and Training 

• Additional Resources• Water and Wastewater System Emergency Response Plan Template, 
July 2003, Kentucky Rural Water Association. 

WASTEWATER TREATMENT PLANT IMPROVEMENTS 
Capital Improvements 
Chapter 8 provides preliminary recommendations for upgrading the City’s wastewater treatment facilities. 
The recommendations identify the magnitude of costs and issues that will need to be addressed when the 
City eliminates the RBC Plant from Windjammer Park, as recommended in the master plan for the Park, 
or when the facilities are upgraded by 2017 to accommodate projected future flows and loads.  

In either case, a wastewater facility plan will need to be prepared per WAC 173-240-060 to plan the 
proposed upgrades. Typically at least five years are needed to complete a facility plan, design, permitting, 
financing and construction of major treatment plant upgrades, and 10 years can be needed if there are 
complications. Therefore, the City should begin the facility plan no later than 2012. To be conservative, 
this report assumes planning will begin in 2011 and construction will be complete by 2015.  

The preliminary recommendations for upgrading the treatment plant are as follows: 

• Upgrade the Seaplane Lagoon Plant to treat an average flow of 3.5 mgd. 

• Construct new headworks at the northwest lagoon, including a manually cleaned bar rack, 
mechanically cleaned fine screen with 1/4-inch openings, screenings washer compacter, Pista 
grit style grit system and Parshall flume. 

• Construct an activated sludge secondary treatment system in the southwest cell of the 
Seaplane Lagoon Plant, including peak flow diversion weir, flow splitter box, two activated 
sludge aeration basins with earth dikes and floating surface aerators, mixed liquor pump 
station and splitter box, and two 80-foot diameter concrete clarifiers. 

• Upgrade the existing chlorine disinfection system, including expanded chlorine contact tank, 
larger on-site chlorine generation system, larger hypochlorite and bisulfate feed systems, 
chemical storage tanks, lagoon water pump station and larger effluent pumps. 
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• Construct wetland erosion control and flood protection improvements, including gabions on 
the outside flanks of the lagoon dikes and sewer berms and flood control dikes around the 
Capehart headworks and the existing chlorination and physical-chemical treatment facilities 
at the southeast area of the lagoon plant site.  

• Construct a new control building at the Seaplane Lagoon Plant, including offices, laboratory 
and maintenance facilities. 

• Demolish the existing RBC Plant. The existing diversion pump station at the RBC Plant will 
be retained and remodeled to convey all sewage flows to the Seaplane Lagoon Plant. 

Table 9-2 summarizes the estimated capital costs for the recommended improvements.  
 

TABLE 9-2. 
ESTIMATED CAPITAL COSTS FOR RECOMMENDED 

WASTEWATER TREATMENT IMPROVEMENTS 

Headworks $591,965 
Anaerobic Cell in Southwest Lagoon $0 
Effluent Filtration $0 
Aeration Basins  $2,142,635 
Clarifier system  $4,799,145 
Lagoon Pump Station $203,619 
MBR system $0 
Disinfection & Effluent Pumping $1,965,460 
Control Building $1,257,388  
Wetland Dike Upgrades $917,689 
RBC Plant Demolition $510,730 

Subtotal $12,388,629 
Contingency (30%) $3,716,589 

Total estimated construction cost $16,105,218 
Engineering Design (15%) $2,415,783 
Construction Management (10%) $1,610,522 
Sales Tax (8.3%) $1,336,733 

Total Estimated Capital Cost $21,468,000 
  

All costs are in December 2005 dollars (ENR Cost Index for 
Seattle = 8458; 20-City Index = 7647). 

 

Treatment Plant O&M Requirements 
Treatment plant O&M costs are estimated to be significantly lower with the recommended treatment 
facilities than with the existing plants. The O&M savings could make immediate implementation cost-
effective, if the O&M savings are greater than the interest costs for financing. Staffing requirements are 
estimated to decrease by approximately 2 full-time equivalents. Power costs for the RBC plant will be 
eliminated, and power costs for the upgraded Seaplane Lagoon Plant are expected to change little. 
Chemical costs will be eliminated for soda ash and polymer at the lagoon plant, and for hypochlorite at 
the RBC plant. Repair and replacement costs for old equipment at the RBC plant will be eliminated.  
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9-5 

IMPLEMENTATION SCHEDULE 
The recommended improvements are proposed to be implemented in phases as the City’s growth takes 
place. Table 9-3 shows an overall schedule. The schedule for collection system improvements is 
coordinated with treatment plant improvements, so that all the City flows can be conveyed to the 
Seaplane Lagoon Plant when the plant improvements are completed. To be conservative, the treatment 
plant improvements are timed to be completed a few years before they are projected to be needed in 2017. 
The City can accelerate the treatment plant schedule if it decides to eliminate the RBC plant sooner than 
shown, or it can extend the schedule if plant improvements can be deferred longer. The schedule is 
subject to change and can be revised over the course of the planning period.  



 



  

TABLE 9-3. 
PROPOSED IMPLEMENTATION SCHEDULE FOR RECOMMENDED IMPROVEMENTS 

 
Total 

Project Annual Expenditure ($1000) 
Project Number & Description Cost 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 

Collection System projects                     
Upgrade of Existing Collection System                                          

1a(i) RBC Pump Station Upgrade to 13 mgd $1,856,000     300 1556                                 
1a(ii) Upgrade RBC Pump Station Force Main $6,123,000            900 5,223

  
                         

1a(v) Upgrade of Siphon $1,069,000  160 909                                    
1b(ii) Interim Upgrades to Heller Road and Whidbey St. Trunk Sewer $845,000        150 695                               
1e(i) Interim Upgrade to Ely Street Sewer and D/S to RBC $2,113,000          320 1,793                            

Collection System Expansion                                          
A1 Scenic Heights Lift Station and Force Main $595,000  100 495                                    
A2 Scenic Heights Gravity Trunk Sewers $705,000 200 505                                    
B1 Lift Station, Force Main and D/S Trunk Extension  $3,341,000          500 2,841                           
C1 Crosby Road Lift Station and Force Main $1,816,000      300 1,516                                
D1 Goldie Road Lift Station and Force Main  $1,865,000    300 1,565                                  
D2 Trunk Sewer from Goldie Road to Proposed Lift Station  $2,617,000      400 2,217                                

Other System Improvements                                          
1 Lift Station Telemetry Upgrades $500,000    200 300                                  
2 Permanent Standby Generator at NE 7th Lift Station $50,000    50                                    
3 Infiltration/Inflow and Flow Monitoring Study $175,000 75 100                                    
4 RBC PS FM Corrosion Study $100,000   100                                    

 O&M Cost Changes   $3,474,000  0 0 11 27 46 198 228 228 228 228 228 228 228 228 228 228 228 228 228 228 

Wastewater Treatment Facilities                     
Capital Costs                     

1 Facility Plan  $300,000            300                            
2 Seaplane Lagoon Plant Upgrade $21,500,000                1,600 9,600 9,600 700                  

Changes to Annual O&M Costs                                           
1 Treatment Plant O&M ($1,888,000)   4 8 12 16 20 24 28 32 36 -221 -218 -215 -212 -209 -205 -202 -199 -195 -192 
2 Biosolids Removal $4,974,000    283   290   297   304   1,259         1,233         1,308 

  Total $52,130,000  535 2,946 2,884 5,768 1,577 6,349 5,475 2,160 9,860 11,123 707 10 13 16 1,252 23 26 29 33 1,344 

 



 



 

CHAPTER 10. 
FINANCING ANALYSIS 

 

This chapter addresses financing alternatives for the capital improvements recommended in the previous 
chapter, as well as the identified changes in operations and maintenance (O&M) costs.  

CURRENT SEWER FUNDING  
The City has a dedicated source of revenue in the form of monthly sewer utility fees. 

Sewer Fund 402 Summary 2002 2003 2004 2005 

Charges for Service   $2,885,258     $3,037,858    $3,172,764   $3,270,597  

These charges are deposited in the Sewer Fund 402 and used for operating expenses, repair and 
replacement, capital improvements, debt service and reserves.  Each year the Finance Director prepares a 
statement of Revenues, Expenses and Changes in Fund Net Assets as part of the annual financial report.  
This statement indicates that operating revenue has been greater than operating expenses and depreciation 
in each year 2002-4. 

In addition, there is a Sewer Cumulative Reserve Fund 412 where capital-related revenue is deposited for 
future capital improvements.  The City collects a system development fee, a trunk line fee, potentially a 
latecomer’s recovery fee for new connections to the system as appropriate.   

Sewer Cumulative Reserve Revenue 2003 2004 2005 

System Development Fees $307,325 $561,117 $210,437 

Trunk Line Fees $  36,125 $  50,105 $  43,775 

There is approximately $3,000,000 in cumulative reserves at the beginning of 2006.  The City also has a 
policy of holding reserves in the operating fund of 5 to 10 percent of annual expenditures.  The estimated 
2005 ending balance in Sewer Fund 402 was $1,350,000.  

The City prepares a two-year budget every other year and monitors the activity on a regular basis.  The 
next biennial budget is 2007-2008.  One part of the budget process is to review rate revenue to ensure it is 
sufficient to meet operating needs, debt repayment and planned capital investment.  When necessary, the 
Finance Director works with the City Council on rate increases to ensure rates are keeping pace with 
expenses.     

Because the rate review already takes place within the City’s normal course of business, this financial 
chapter focuses on funding the capital improvements recommended in the planning period. 

OUTSTANDING SEWER DEBT 
The water and sewer utility are combined legally in the Waterworks Utility to support revenue bond 
issues.  There are currently two revenue bond issues being repaid by the sewer utility, 1996 and 2004.  At 
the beginning of 2006, there was $2,000,000 in outstanding principal on the 1996 revenue bond issue.  
Interest rates vary between 5.5 and 5.9 percent.  The final maturity is scheduled for 2011, yet this issue is 
callable after September 1, 2006. 
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The 2004 bond issue for $2,865,000 carries interest rates between 2.25 and 4.55 percent.  This 20-year 
issue will be repaid through the year 2024 and can be called after September 1, 2015.  At the beginning of 
2006, there was $2,735,000 in outstanding principal. 

CURRENT SEWER RATES AND CHARGES 
Residential sewer customers are charged a flat amount of $33.66 per month.  With bi-monthly billing, the 
residential sewer charge is $67.32.  This includes a customer charge per account plus a fixed capacity 
charge.  Multi-residential units sharing a meter are charged a customer charge plus a fixed capacity charge 
per unit.  Hotel/motel, marina and commercial accounts are charged a customer charge plus volume 
charge based on water usage in excess of 100 cubic feet.  Schools are charged a customer charge plus 
volume rate on all water consumption.   

Table 10-1 shows the current monthly sewer rates.  Any customers outside of the city limits are charged 
1.5 times the in-city customer rates.  All utility bills also include a 6 percent utility tax. 

TABLE 10-1. 
MONTHLY SEWER RATES 

 Monthly Rates 

Customer Class 
Customer Charge per 

Account 
Fixed Capacity 
Charge per Unit Volume Charge 

Residential $3.57  $30.09    

Multi-Residential (per unit) $3.57  $30.09    

Hotel/Motel $33.69    
$4.00 per 100 cubic feet in 
excess of 100 cf 

Marina $33.69    
$4.00 per 100 cubic feet in 
excess of 100 cf 

Commercial $33.69    
$4.00 per 100 cubic feet in 
excess of 100 cf 

Schools $3.57    $4.00 per 100 cubic feet 

   

Outside City Limits = 1.5 times above rates for in-city customers. 

The monthly sewer rates were adjusted early in 2006 to reflect increases in the cost of service since the 
last rate increase in March 2003.  The adjustment of 3.82 percent was applied to all portions of the 
monthly rate.  A separate discussion is anticipated for funding the capital improvements.  

New connections to the sewer system pay some combination of fees for the ability to connect.  The Sewer 
Permit Inspection Fees are intended to recover the cost of inspection and issuance of the sewer permit.  
These fees are deposited into the operating fund. 

Sewer System Development Charges (SDC) are one-time fees that represent the equitable share of the 
system cost to be borne by new connections.  These fees are deposited into the Sewer Cumulative Reserve 
fund for debt repayment or future capital improvements.  The SDC is in need of revision to reflect the 
City’s current capital plans.   
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TABLE 10-2. 
SEWER CONNECTION FEES 

Sewer Permit Inspection Fees  

Main to Property Line $62.00 
Property Line To Building $62.00 
Multi-residential, add Fee for each dwelling unit over one and 
up to 20 $19.00 
Repair to Sewer Main or Side Sewer Connection  $52.00 
Sewer System Development Charge  
   3/4" Meter $1,680.00 
   1" Meter $4,200.00 
   1-1/2" Meter $8,399.00 
   2" Meter $13,439.00 
   3" Meter $26,879.00 
   4" Meter $41,998.00 
Sewer Trunk Line Fee $425.00 
(for existing and new homes connecting to City sanitary sewer 
located in the NW and SW quadrants of the City limits)  
Un-Assessed Frontage Connection Fee 
(varies with size of parcel and the cost per linear foot) 

$25.00 
Per linear foot x 

front footage 
Latecomer Recovery 
(varies based on recovery contract) 

Varies 

Sewer Trunk Line Fees and Un-Assessed Frontage Connection Fees are methods of ensuring that new 
customers pay their fair share of the costs of installing the sewer lines and trunk lines that serve the 
property.  Each of these fees was developed at a different time to recover certain investments made by the 
city, developers or property owners.  These could be reviewed to determine whether the charges could be 
simplified for the benefit of the new customers and the administration of such fees. 

Finally, the City allows Latecomer Recovery Contracts where a developer pays for and perhaps installs a 
necessary facility that future customers may connect into at a later date.  The City is the intermediary that 
collects the appropriate latecomer fees and passes them through to the developer according to the 
latecomer agreement.  

CAPITAL PROGRAM FUNDING METHODS 
The City of Oak Harbor has used revenue bonds to fund sewer improvements over the years.  In addition, 
the City has used Public Works Trust Fund loans from the State of Washington for water.  These could 
also be considered for sewer improvements.  Care must be taken to recognize the biennial maximum, 
currently $7 million per jurisdiction. 

Some cities prefer a “pay-as-you-go” method of funding capital improvements and seek grants and/or 
partnerships to leverage ratepayer investment in the system.  This means that the capital portion of the 
rate is either used in the year collected or held in reserve for future capital improvements as can be 
afforded.  The fund balance typically fluctuates under this method of funding.  In the years that the fund 
balance appears high, it is important to identify the minimum target reserve or set aside emergency and 
cash flow reserves to avoid potential misinterpretation.  
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Other common methods of funding capital improvements include some form of borrowing ranging from 
selling bonds on the open market to procuring low-interest loans or grants from a state or federal program.  
The choice of financing at any time should include an evaluation of the risks associated with the various 
alternatives: 

• Risk that project costs will increase; 

• Risk of not receiving the funding package; and 

• Total cost with financing. 

The risks mentioned above change over time depending on the trends related to the construction cost 
index and interest rates. 

There are other sources of funding that are available for capital projects and are not recommended for on-
going operations: 

• Grants – Grant funds are a good source of capital funding because the money does not have 
to be repaid.  Unfortunately, grants can be hard to come by.  The City should continue to 
monitor and pursue grants when available. 

• Low-Interest Loans – The State of Washington operates several low-interest loan programs 
for surface water and water quality capital projects.  The Public Works Trust Fund has both a 
Pre-Construction and a Construction program with loans with interest rates up to two percent 
and loan terms up to 20 years.  In addition, the Department of Ecology operates several 
programs: the Centennial Clean Water Fund and the Water Pollution Control State Revolving 
Fund.  The DOE funds may include partial grants and loans with interest up to two percent.  

Grant funding eligibility from Ecology programs is based on the level of hardship the capital 
project will place on the residential ratepayers.  Hardship is based on the percentage of 
Median Household Income (MHI) needed to pay monthly residential sewer rates. The 
minimum level of hardship for consideration is 2.0% of MHI; approximately $75 per month 
based on current data for Oak Harbor. Grants are also only available for construction projects. 

Low interest financing is available on a competitive basis. Ecology loans can be used for 
financing both construction and planning projects.  Interest rates for loans are set by 
regulation (WAC 173-95A and 173-98) at a percentage of the average market rate for 
municipal bonds.  Loans with terms up to 5 years are offered at 30% of the market rate and 
loans with terms up to 20 years are offered at 60% of market.  Over recent years this 
translates into approximately 1.5% for 5-year loans and approximately 3.0% for 20-year 
(actual rates are typically set late summer of each year.) 

• Bond sales – The City has the authority to sell several types of bonds that would be 
appropriate for capital projects: revenue, general obligation, limited general obligation and 
local improvement district bonds.  In general, bonds can be a more costly form of funding 
capital projects than grants and low-interest loans from the State, yet the timing is controlled 
by the utility and the assurance of receiving financing is higher than applying to competitive 
programs. 

• Contributions, Joint projects – Pursuing contributions from benefiting parties or joint projects 
can provide cost savings to the sewer ratepayers when appropriate for the project. 

• System Development Charge (SDC) – This is a method of having development contribute 
their fair share of the system cost upon connection.  This recognizes that the sewer system is 
in place and the new development benefits by connecting into the system.  In return for 
connection, they pay a one-time fee that is deposited into the capital reserves and used to 
fund capital projects or associated debt.  These charges can be calculated for system-wide 
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improvements or can differ by specific area or facility. Oak Harbor currently uses system 
development charges for water and sewer. 

• Developer Extension – The developer is required to extend the system to serve its property 
boundaries.  These projects are funded and completed by the developer.  When complete, the 
facilities are deeded to the City. 

• Latecomer’s Fees – This fee would be the result of a latecomer’s agreement with a developer 
that has constructed an improvement that serves beyond his/her property and is deeded to the 
City.  The latecomer’s agreement specifies that other properties that connect into the 
improvements within a certain period of time must contribute their fair share.  The City 
would collect the latecomer’s fee and forward to the developer. 

• Local Improvement Districts (LID / ULID) – All benefiting properties share in the cost of 
installing the improvements necessary to serve.  Assessments are filed on each property and 
the property owners pay the annual assessments over a specified number of years. 

• Fee-In-Lieu-Of – This method works with regional-type facilities.  The City would fund the 
capital improvement up-front and would be repaid as development occurs and pays its share 
of the cost. 

• City Participation in Oversizing – When the comprehensive plan calls for a larger facility or 
line than is necessary for the next development, the City may participate in the cost of 
oversizing according to City policy.  In order to do so, the capital improvement must have 
been identified as city-funded in the capital facility plan.  Some cities may provide a credit 
toward the system development charge and others may have a reserve for oversizing.  In 
order to provide credit, the project must be included in the system development charge 
calculation. 

These methods can be used in combination with one another and should be consistent with City 
policy. 

ALTERNATIVE CAPITAL PROGRAM FUNDING SCENARIOS 
The capital projects identified and scheduled in Table 9-3 are used to develop the funding program.  The 
project costs were estimated in December 2005 dollars ($2005).  Table 10-3 summarizes the capital 
program by planning period. 
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TABLE 10-3.   
FUNDING SOURCES FOR CAPITAL IMPROVEMENTS 
(Costs Estimated Using December 2005 ENR Index) 

Sewer Capital Improvement Projects 2006-2011 Total 2012-2025 Total 20-Yr Total 
 Funding 
Source  

Upgrade of Existing Collection System 6,783,000  5,223,000  12,006,000  R / SDC 
Collection System Expansion 10,939,000  - 10,939,000  SDC / SSDC
Other Collection System Improvement Measures 825,000  - 825,000  R / SDC 
Treatment - Facility Plan  300,000  - 300,000  SDC 
Treatment - Seaplane Lagoon Plant Upgrade - 21,500,000  21,500,000  SDC 

TOTAL CAPITAL IMPROVEMENT PROJECTS $18,847,000  $26,723,000  $45,570,000    
CHANGES TO O&M COSTS        
Collection System 282,000  3,192,000 3,474,000  R 
WWTP O&M 60,000  (1,948,000) (1,888,000) R 
Biosolids Removal 870,000  4,104,000  4,974,000  R 

 TOTAL O&M CHANGES $1,212,000  $5,348,000  $6,560,000    
OVERALL TOTAL $20,059,000  $32,071,000  $52,130,000    

   
Funding Sources: R=Monthly Rates, SDC=System Development Charge, SSDC=Special System Development Charge 

The total capital program is really shown in two parts – capital improvements and changes to operations 
and maintenance (O&M) costs.  The capital improvements portion will need to be funded one time, either 
by cash or financing.  The six-year study period of 2006-2011 is scheduled for $18,847,000 (41 percent) 
in capital improvements and another $26,723,000 (59 percent) from 2012-2025.  

Funding sources are suggested for the projects.  The upgrade of existing collection system and other 
system improvements are split between existing customers and future customers to be paid by rates and 
system development charges.  The collection system expansion is all for growth and can be paid by either 
special system development charges by lift station or included in all system development charges.  The 
treatment plant facility plan and upgrade are identified as funded by system development charges.  

Annual O&M Changes 
The changes in O&M costs shown in Table 10-3 include a summary of the six-year period.  The total 
$1,212,000 averages $242,400 over the remaining five years 2007-2011.  The primary cost driver is the 
biosolids removal effort scheduled for the odd years.  Given the current rates and revenue, 7.4 percent 
rate increase would fund the changes in O&M costs.  This equates to an increase of $2.50 per month for 
residential customers.  Once instituted, these rates would keep up with inflation under the City’s current 
philosophy of Cost of Living Adjustments (COLA). 

CHANGES IN O&M COSTS       $1,212,000  

Average per Year (2007-2011)         $ 242,400  
2005 Rate Revenue       $3,270,000  
Percent Rate Increase for Changes in O&M 7.4% 
Current Residential Monthly Rate $33.66 

Rate Increase for O&M Changes  $2.50 per month  
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During the 2012-2025 period, there is a planned decrease in the wastewater treatment plant O&M costs.  
Unfortunately this will not be realized until the Seaplane lagoon plant upgrade is completed (scheduled 
for 2016).  The stream of revenue used to pay for the operation of two plants will be reduced to one and 
can be viewed as a stream of revenue available to assist in funding the capital improvements. 

Escalated Project Costs 
Table 10-4 provides the same summary after escalating the estimated project costs to the year of 
construction using 5.0 percent annual increase in the construction cost index.  Recent history indicates 
that construction costs are highly volatile with large increases occurring between 2003 and 2006. More 
recent history is showing a downward trend in costs. Over the long term, a 5.0 percent escalation is 
reasonable for sewer planning purposes in Oak Harbor. The financing plan will focus on the six-year 
improvements based on the planning level cost estimates and 5.0 percent escalation. However, as 
individual projects are implemented, the estimates should take note of current market conditions. 

TABLE 10-4.   
ESCALATED COSTS TO YEAR OF CONSTRUCTION 

(Costs Escalated to Year of Construction) 

Sewer Capital Improvement Projects 
2006-2011 

Total 
2012-2025 

Total 20-Yr Total 
 Funding 
Source  

Upgrade of Existing Collection System 8,495,417 7,349,286 15,844,703 R / SDC 

Collection System Expansion 13,353,108 - 13,353,108 
SDC/ 
SSDC 

Other System Improvement Measures 922,163 - 922,163 R / SDC 
Treatment – Facility Plan 402,029 - 402,029 SDC 
Treatment – Seaplane Lagoon Plant Upgrade - 34,091,306 34,091,306 SDC 

TOTAL CAPITAL PROJECTS (Escalated) 23,172,716 41,440,591 64,613,307  

The collection system expansion refers to a series of regional pump stations that must be constructed to 
serve new areas connecting to the sewer.  This would lend itself to a special system development charge 
where the areas draining into the pump station would share in the cost at the time of connection.  This 
would be in addition to the system development charge that all new connections pay.  An alternative 
method was attempted in the form of a ULID that did not progress.  Another alternative would be to 
spread the costs over the entire system by including them in the general system development fee.   A 
review of the system development charge philosophy and calculation is necessary to ensure the costs are 
appropriately recovered. 

If bonds were sold to finance the 2006-2011 capital projects, the debt service would be repaid by system 
development charges and a contribution from rates.  Table 10-5 calculates what a bond repayment 
schedule might look like all projects were financed at once.  With such a high debt repayment, one bond 
sale is not recommended.  
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TABLE 10-5. 
DEBT REPAYMENT IF BONDS SOLD FOR ALL 6-YEAR CIP 

Sell Bonds for all 6-Year CIP $23,172,716  
Less: Contribution from Cumulative Reserve (2,500,000) 
Less: Funding for Scenic Heights in previous bond sale (500,000) 

Subtotal $20,172,716  
Add 12% for finance costs + borrow reserve 2,420,726  

Est. Bond Principal $22,593,442  
Est. Annual Repayment - (20 Yr Term, 6% Interest) $1,969,799  
Est. Annual Repayment - (30 Yr Term, 6% Interest) $1,641,389  

   
Note: Special System Development Charges on regional facilities plus System 
Development Charges would offset debt repayment 

If the collection system expansion was excluded and the policy was changed to require developers to 
provide necessary lift stations prior to development, the estimated bond principal would be reduced to 
$7.6 million with a 20-year debt repayment of $666,000 per year. 

Table 10-6 matches the collection system expansion projects with planned ERU’s to indicate what the 
special system development charge might be for each area.  It will be important to update the calculation 
when the cost of each project is updated to ensure proper recovery. 

TABLE 10-6. 
COLLECTION SYSTEM EXPANSION PER ERU 

  Collection System Expansion Est. Cost 
Est. 2025 

ERU's  SSDC 

A1/2 Scenic Heights Lift Station and Force Main/Grav Trnk $1,300,000  822 $1,582  

C1 Crosby Road Lift Station and Force Main $1,816,000  468 $3,880  

D1  Goldie Road Lift Station and Force Main  $1,865,000  148 $12,601  

D2  Trunk Sewer from Goldie Road to Proposed Lift Station  $2,617,000  148 $17,682  

B1  Fairway Lane Lift Station, Force Main and D/S Trunk Ex  $3,341,000  671 $4,979  

   Subtotal Expansion of Collection$10,939,000      

The Sewer SDC does not appear to have been updated for some time and has not been keeping up with 
the investment in the system.  Using the net asset value of the sewer system, adding interest and dividing 
by the estimated equivalent residential units (ERU’s) of treatment plant capacity, Table 10-7 
approximates the SDC value.  
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TABLE 10-7. 
APPROXIMATE SYSTEM DEVELOPMENT CHARGE 

Calculate Net Assets Per ERU   

Approximate Capacity ERU's 10,000  

Net Assets, December 31, 2004 $18,091,172  

Plus: 10 Years of Accrued Interest (6%) 10,854,703  

Subtotal $28,945,875  

Net Assets / Revenue ERU $ 2,895  

This calculation should be revised to reflect the City’s method of determining ERU’s.  This provides an 
estimate to use in the financing plan.  There are 4,647 ERU’s anticipated from 2006-2025.  With a SDC 
of $2,895, this would generate $13,451,148 over the 20-year period.  For the six-year period, 861 ERU’s 
would generate $2,492,240.  Special System Development Charges would be in addition to the general 
SDC collected from all new connections. 

TABLE 10-8. 
ESTIMATED CUMULATIVE RESERVE 

Cumulative Reserve Beginning 2006 2007 2008 2009 2010 2011 

Estimated Cumulative Reserve Balance 
less Emergency Reserve 2,500,000  3,000,000  3,344,400  3,846,951 4,349,502 4,852,053 5,251,489 

2004 Bond Proceeds for Scenic Heights 500,000        

System Development Charges 
 @ 100 ERU/Year  289,459 289,459  376,296 720,752 532,604 532,604 

SSDC - Scenic Heights   158,151  158,151 158,151 55,036 55,036 

SSDC - Crosby Road    116,410 388,034 388,034 388,034 

SSDC - Goldie Road     1,494,000 1,494,000 1,494,000  

SSDC - Fairway Lane       - 

Est. Cumulative Reserve Available 3,289,459  3,737,068 4,271,516  5,150,419 5,738,059 6,325,700 3,289,459 

Table 10-8 provides an estimate of cumulative reserves available to fund the projects.  Each of the special 
areas has more connections in the first 3 years and then fewer per year through 2025. 

Table 10-9 summarizes the plan for capital funding.  The collection system expansion projects are lumped 
into one line.  It is assumed that these would be debt financed and use any available special system 
development charges to reduce the need to borrow – either through bonds or loans.  The general system 
improvements are lumped into the second line.  These can be staged and funded by PWTF loans for both 
pre-construction and construction separately.   
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TABLE 10-9. 
CAPITAL FUNDING PLAN 

Funding Plan 2006 2007 2008 2009 2010 2011 
2006-2011 

Total 

Sell Revenue Bonds - Exp. 
Coll. Syst. 315,000  1,433,250 2,622,021 4,537,485 638,141 3,807,212 13,353,108 
Borrow PWTF Loans/DOE 
Loans - Gen. Imp. - - 347,288 2,073,654  1,295,426 3,608,878 7,325,245 
Cumulative Reserve 207,375  1,250,235 173,644 - - 402,029 2,033,282 
Rate Contribution 39,375  248,063 173,644 - - - 461,081 

TOTAL FUNDING 561,750  2,931,548 3,316,596  6,611,138  1,933,567 7,818,118 23,172,716 

With anticipated SDC collections, it appears the 2006 and 2007 projects could be funded by the 
cumulative reserve fund and it would be down to the minimum emergency reserve level of $500,000.  
This would allow the City the opportunity to apply for PWTF loans to continue the general improvements 
and consider the direction for carrying out and recovering the investment in the regional pump stations as 
a separate issue requiring financing.  The City could roll the financing together for bonds or loans.  

This six-year plan does not address the costly improvements that are scheduled for 2012-2025 and it 
appears that significant borrowing will be required.  

 



City of Oak Harbor 
Comprehensive Sewer Plan 

APPENDIX A. 
NAVY SEAPLANE BASE LEASE AGREEMENT 

December 2008 





























City of Oak Harbor 
Comprehensive Sewer Plan 

APPENDIX B. 
DNR AQUATIC LANDS OUTFALL EASEMENT 

December 2008 
 









































































City of Oak Harbor 
Comprehensive Sewer Plan 

APPENDIX C. 
NPDES PERMIT 

December 2008 

















































































City of Oak Harbor 
Comprehensive Sewer Plan 

APPENDIX D. 
WAC 173-221 

December 2008 
 

















City of Oak Harbor 
Comprehensive Sewer Plan 

APPENDIX E. 
SEPA CHECKLIST 

December 2008 
 





































City of Oak Harbor 
Comprehensive Sewer Plan 

APPENDIX F. 
CITY OF OAK HARBOR SANITARY SEWER DESIGN 

STANDARDS 

December 2008 

























































City of Oak Harbor 
Comprehensive Sewer Plan 

APPENDIX G 
MODELING INPUT DATA AND RESULTS 

December 2008 

 

 

 



















 





 





 





 







































































City of Oak Harbor 
Comprehensive Sewer Plan 

APPENDIX H 
POTENTIAL COLLECTION SYSTEM IMPROVEMENTS 

COST ESTIMATION DATA 

December 2008 















































































































































































































































 





 



City of Oak Harbor 
Comprehensive Sewer Plan 

APPENDIX I 
COST MODEL 

December 2008 

















City of Oak Harbor 
Comprehensive Sewer Plan 

APPENDIX J 
RBC PLANT DATA 

December 2008 

 







 





 




