
 1 
pw://Carollo/Documents/Client/WA/Oak Harbor/8549A00/Deliverables/CB_Formatted.docx 

 

PROJECT REPORT 
 

Project Name: Clean Water Facilities Planning Date: September 16, 2011 

Client: City of Oak Harbor Project Number: 8549A00 

Prepared By: Brian Matson 

Reviewed By: Eric Johnston 

Subject: Summary of Proposed Final Alternatives 

Distribution: Oak Harbor City Council 

1.0 SUMMARY 

The purpose of this report is to summarize final alternatives developed by the Oak Harbor Clean 
Water Facilities Planning Project team. The following recommendations will be considered at a 
September 20, 2011 City Council meeting: 

1. Final alternatives should be developed around a membrane bioreactor (MBR) wastewater 
treatment process. 

2. In addition to potential beneficial reuse applications, treated effluent from the MBR 
process should be discharged through a new outfall into Oak Harbor. 

3. Three final sites for the MBR process should be considered: 

a. Windjammer Park 

b. Old City Shops 

c. Crescent Harbor 

2.0 INTRODUCTION 

As documented in the approved Comprehensive Sewer Plan (TetraTech, 2008), the City of   
Oak Harbor must replace two existing wastewater treatment facilities with a modern facility. 
While existing facilities are able to meet current permit requirements, they are nearing the end 
of their useful life. Both effluent outfalls have major failures; the RBC outfall no longer functions 
and there are large holes in the Crescent Harbor outfall. The facilities also lack the technology 
to meet increasingly stringent water quality standards and the capacity to keep pace with 
anticipated long-term population growth. 

The Oak Harbor Clean Water Facilities Planning Project (Project) will identify a wastewater 
treatment system alternative (alternative) to “obtain the highest of water quality practical while 
recognizing the limitations of the rate payers of the City to fund the improvements.” Specific 
project objectives include: 

1. Provide continued reliable wastewater treatment service. 

2. Meet high standards for water quality. 

3. Allow phased expansion to meet future demands. 

4. Deliver construction and operation of a new facility by 2017 in a cost effective manner. 
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The Project seeks to identify the best alternative for Oak Harbor considering a range of 
objectives in four categories: Technical, Social, Environmental, and Financial. Specific Project 
objectives are shown in Figure 1. The evaluation and selection process is referred to as the 
Triple Bottom Line Plus Technical (TBL+), and is used in each of the following three steps: 

1. Develop and Evaluate Preliminary Alternatives. The Project team began to develop 
preliminary alternatives in September 2010, preparing a list of over 20 preliminary 
alternatives based on public and stakeholder input, as well as technical requirements (e.g. 
environmentally sensitive areas, geotechnical considerations, land use planning, etc). 

2. Refine and Select Proposed Alternative. In March 2011, Council considered the list of 
preliminary alternatives and directed the team to refine alternatives on five sites. Based on 
a refined evaluation, the team is now proposing to refine alternatives on three sites. A 
decision on the final alternative for further environmental review will be sought in 
December 2011. 

3. Complete Facilities Plan and Environmental Review. Following selection of a final 
alternative, the team will complete Facilities Planning required by the Washington 
Department of Ecology (Ecology). This will include environmental documentation required 
by the National Environmental Policy Act (NEPA).  

3.0 ALTERNATIVES RECOMMENDED FOR FURTHER EVALUATION 

Alternatives are comprised of three components: 1) Wastewater Treatment Process; 2) Effluent 
Discharge (Outfall) Location; and 3) Wastewater Treatment Facility Site. As of August 2011, the 
team has developed recommendations for all three of these components. The basis of these 
recommendations is described in this section. 

3.1 Wastewater Treatment Process 

Two treatment processes were considered by the Project team: membrane bioreactor (MBR), 
and activated sludge (AS). The primary advantage of the AS process (relative to the MBR) is 
cost. An AS process designed to meet the effluent quality goals could cost between 8 to 10 
percent less than a comparably sized MBR. For the planning level design flow (3.9 million 
gallons per day [mgd]), the cost difference could range between $5 and $6 million. The AS 
process is also more cost-effective to operate, because it uses less power and requires less 
cost for equipment replacement. 

There are also many advantages of the MBR process (relative to the AS). These include: 

1. Better effluent quality. While both processes can meet effluent quality goals, the MBR 
process produces effluent (highly treated wastewater) that is much cleaner than the AS 
process. 

2. Smaller footprint. The MBR process would take about half as much land as an AS 
process. Due to the limited size of several sites being considered by the team, the MBR 
process is the only viable option. 
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3. Better ability to control odors. The MBR process can be designed without exposed water 
surfaces that could generate odors. A high level of odor control would be more effective 
and less costly to implement for an MBR process (relative to the AS process).  

4. Better ability to blend with surrounding environment. The MBR process can be fully 
enclosed in buildings or structures designed to fit with the surrounding environment. There 
are several local examples of MBR facilities designed to blend into surrounding 
neighborhoods (Carnation, WA) or public open space (Blaine, WA). By eliminating process 
equipment open to the air with an enclosed MBR facility, many of the public health 
concerns associated with bacteria in water vapor can also be addressed. 

5. Better flexibility to meet future regulations. While future regulations in the Puget Sound 
Region are unclear, the MBR process is considered the best technology to meet future 
limitations on nutrients (nitrogen) and personal care products (endocrine disrupting 
compounds [EDCs]).  

6. Enhanced opportunities for beneficial reuse. Both processes can produce “Class A” 
reclaimed water. However, the MBR process provides the cleanest water, and is often 
perceived as the best option for beneficial uses including irrigation, groundwater recharge, 
and habitat augmentation. 

Figure 2 illustrates feedback received from the public process to date. While cost is an 
important consideration, individuals responding to the request for feedback showed a clear 
preference for advantages provided by the MBR process. As noted in Item 2 above, the MBR 
process is also the only viable option on at least two of the sites being proposed for further 
evaluation. For these reasons, the Project team is recommending that the City continue to 
evaluate final alternatives based on the MBR process. 

3.2 Effluent Discharge (Outfall) Location 

Effluent (highly treated water) from wastewater treatment facilities must be either discharged 
into surrounding surface waters or beneficially reused. While this Project will evaluate 
opportunities for beneficial reuse, a surface water discharge (outfall) is a necessary component 
of the proposed alternative. The Project team has evaluated three potential locations for an 
outfall to Puget Sound (evaluation included in Attachment 1): 

1. Oak Harbor. The City’s Rotating Biological Contactor (RBC) plant at Windjammer Park has 
an outfall at this location, although it is no longer useable. 

2. Crescent Harbor. Effluent from the City’s RBC and Seaplane Lagoon plants is currently 
discharged through an outfall in this location. 

3. West Beach. The team evaluated this potential outfall location for at least one alternative 
that would have sited a treatment facility near West Beach. 

Based on preliminary analysis and discussions with regulatory agencies (Ecology and the 
Washington Department of Health), the Project team recommends constructing a new outfall 
into Oak Harbor. An outfall at Oak Harbor provides several advantages, including:  

1. Ability to Protect Surface Water Quality. Modeling demonstrates that water quality criteria 
can be reliably protected while discharging MBR-quality effluent to Oak Harbor. 
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2. Reduced Cost. The cost of constructing an outfall into Oak Harbor is less than the cost of 
constructing a deep outfall at either Crescent Harbor or West Beach. NOTE: The outfalls 
at Crescent Harbor and West Beach would need to be deeper (more expensive) to 
eliminate the risk of shellfish impacts. 

3. No Impact on Shellfish Harvesting. There are no viable shellfish tracts within Oak Harbor; 
therefore, building an outfall in this location would not expose the City to potential future 
impact fees associated with shellfish closure zones.  

3.3 Wastewater Treatment Facility Site 

Through Resolution 11-07, Council directed the Project team to further evaluate alternatives on 
five sites, shown in Figure 3. Over the past four months the team refined alternatives on these 
sites by completing the following steps: 1) collect and evaluate public input; 2) meet with 
regulatory agencies and stakeholders; 3) develop technical details associated with each site 
(e.g. environmental, cultural resources, geotechnical, land use); and 4) update conceptual 
costs. 

The refined TBL+ evaluation is presented graphically in Figure 4. While all of the alternatives 
are relatively equal from an Environmental (E) standpoint, there are significant differences in the 
Financial (F), Technical (T), and Social (S) categories. The basis for recommending further 
evaluation of an MBR facility on three sites is summarized below. Table 1 provides additional 
detail. 

3.3.1 Windjammer Park 

Advantages 

Windjammer Park is the highest rated site on a Financial and Technical basis, meeting all 
objectives under these categories. Distinguishing advantages include: 

1. Lowest initial cost (F1).  

2. Lowest annual cost for conveying water to/from the site (F2). 

3. Does not occupy property currently zoned for commercial use (F3). 

4. Does not require private property acquisition (T2). 

5. Most efficient use of existing City infrastructure (T3).  

Challenges 

Windjammer Park is one of the lowest rated sites from a Social standpoint. Key challenges that 
have been identified by the team considering public input include: 

1. Impact on public amenities (S2). 

2. Potential for neighborhood impacts (S3). 

3. High potential for cultural resources with listed sites less than 0.1 miles from the site (E2). 

Recommendation 

The Project team recommends continued evaluation of the Windjammer Park site because it 
offers clear Financial and Technical advantages. Further refinement of this alternative must 
address Social impacts, by including measures to limit the impact to public amenities and the 
surrounding neighborhood.
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It is recognized that there is significant public concern, even opposition, to the use of 
Windjammer Park for a WWTP. However, of the three sites proposed for further consideration, 
the Windjammer Park site may have significant financial benefits that have not been captured in 
the current level of analysis (e.g. the ability to phase project components). Rejection of the site 
based on only one of the four selection criteria (social) and not the totality of all four TBL+ 
criteria is not recommended. Final selection of a preferred site may include criteria weighing; 
however, at this stage in the process there has been no clear input from the community that any 
of the selection criteria should be given greater importance than another. Also, it is worth 
nothing that the Windjammer Park site has the highest ranking based on Technical, Financial, 
and Environmental objectives. Use of all four TBL+ criteria allows for a logical and defensible 
decision making process, and is recommended at this stage in the process. 

3.3.2 Old City Shops 

Advantages 

Old City Shops is the second highest rated site on a Financial and Technical basis, and also 
offers Social benefits relative to Windjammer Park. Distinguishing advantages include: 

1. Low initial cost (F1). 

2. Low annual cost for conveying water to/from the site (F2). 

3. Allows for acquisition of private property that is currently for sale (T2). 

4. Relatively efficient use of existing City infrastructure (T3). 

5. Preserves public amenities (S2). 

Challenges 

Key challenges that have been identified by the team considering public input include: 

1. Potential for neighborhood impacts, most notably documented in a series of letters 
expressing concerns over potential health risks (S3). 

2. Moderate potential for cultural resources with listed sites within 1 mile (E2) 

Recommendation 

The Project team recommends continued evaluation of the Old City Shops site because it offers 
a strong combination of Financial, Technical, and Social advantages. Further refinement of this 
alternative must address Social impacts, by including measures to limit the impact to the 
surrounding neighborhood. 

3.3.3 Crescent Harbor 

Advantages 

Crescent Harbor is one of the highest rated sites on a Social and Financial basis, meeting all 
objectives under these categories. Distinguishing advantages include: 

1. Preserves public amenities (Windjammer Park) (S2). 

2. Minimizes neighborhood impacts (S3). 
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3. Low initial cost (F1). 

4. Low annual cost for conveying water to/from the site (F2). 

5. Does not occupy property currently zoned for commercial use (F3). 

Challenges 

Key challenges that have been identified by the team considering public input include: 

1. Requires lengthy process of property acquisition or lease from US Navy (T2). 

2. Is the least efficient use of existing infrastructure to convey water to/from site (T3). 

3. High potential for wetland impacts and/or cultural resources with listed sites within 0.1 
miles of potential site (E2). 

Recommendation 

The Project team recommends continued evaluation of the Crescent Harbor site because it 
offers a strong combination of Financial, and Social advantages. Further refinement of this 
alternative must address potential Environmental impacts, including wetlands mitigation and the 
potential for cultural resource impacts. The City will also require a better understanding of the 
schedule challenges associated with negotiating an agreement with the US Navy. 

4.0 COST ANALYSIS 

The ability of alternatives to meet Financial objectives is an important component of the TBL+ 
evaluation methodology. In order to compare alternatives on a Financial basis, cost estimates 
have been developed. These cost estimates follow industry standards published by the 
Association for the Advancement of Cost Engineering (AACE), which include five classes of 
cost estimates: 

Class 5 (Order of Magnitude Estimates). These are commonly referred to as conceptual level 
estimates, and are used to compare a broad range of alternatives based on limited engineering 
detail (less than 2 percent design completion). The expected accuracy range for Class 5 
estimates is +50 percent to -30 percent, which means that actual bids for the completed project 
can fall within a range of 50 percent over the estimate to 30 percent below the estimate. 

Class 4 and Class 3 (Budget Estimates). These estimates are used to establish the Owner’s 
budget for a project. The expected accuracy range for both classes is +30 to -15 percent. Class 
4 estimates rely on engineering detail ranging from 1 to 15 percent; Class 3 estimates rely on 
engineering detail between 10 and 40 percent. 

Class 2 and Class 1 (Definitive Estimates). These estimates are used to track project costs 
during design, and to compare actual bids with Engineer’s Estimates. The expected accuracy 
range for both classes is +15 to -5 percent. Class 3 estimates rely on engineering detail ranging 
from 50 to 100 percent; Class 1 estimates rely on engineering detail beyond 100 percent (such 
as conformed drawings). 

This Project will develop cost estimates under two of the AACE classes. At the current level, 
cost estimates are conceptual (Class 5). These estimates are being used to compare 
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alternatives to one-another. It is important to recognize that these costs are developed to 
include all conceivable components of a 20-year project, which may not necessarily be needed 
in the initial phase of construction. The estimated project costs (in 2011 dollars) are $90.8 
million for the Windjammer Park Site, $92.0 million for the Old City Shops Site and $95.6 million 
for the Crescent Harbor Site. Documentation of the current basis of cost is included as 
Attachment 2. 

Once an alternative has been selected, the Project team will develop a Class 4 Budgetary 
Estimate. This estimate will be used to determine the rate impacts of the proposed alternative 
as a requirement of the Facilities Planning process. It is important to recognize that these costs 
will be developed to include potential phasing alternatives, including the ability to phase project 
components (e.g. pipelines or pump stations that may not be needed during initial years) and/or 
project capacity (e.g. installing lesser capacity in initial years, with expansion as needed to 
account for growth). Ultimately, rate impacts will consider project expenditures based on 
phasing and potential outside sources of funding. 

5.0 NEXT STEPS 

The current Project schedule is shown in Figure 5. To maintain this schedule, the Project team 
is requesting a decision to proceed with evaluating MBR alternatives on three sites. Steps 
following this decision are summarized below. 

5.1 Final Alternative Refinement 

Analysis will be refined to further illustrate differentiating factors between the alternatives. This 
will include at a minimum: 

1. Ability to phase project components, and associated cost/rate impacts. 

2. Ability to address challenges identified in Section 3.0. 

3. Site specific evaluation of biological and cultural resources. 

4. Property acquisition analysis for both Federal and private property. 

5. Review of other possible sites. 

The team will develop this information in an additional Technical Workshop this fall. Results of 
this analysis will be presented to Council in December 2011, using the TBL+ process. 

5.2 Facilities Plan Documentation 

Once a proposed alternative has been identified, the Project team will develop additional detail 
for the Facilities Plan. Per Washington Administrative Code (WAC) requirements, the proposed 
alternative must be developed in sufficient detail such that final plans and specifications 
(construction documents) may be developed without substantial changes. The level of 
engineering detail provided during this phase will support a Class 4 (Budget) cost estimate. This 
estimate, along with potential phasing of components and/or capacity, will be used to develop 
project expenditure data. These data will be used along with potential funding sources to 
develop a rate analysis to be included in the Draft Facilities Plan document for Council approval 
in mid-2012. 
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5.3 Environmental (NEPA) Documentation 

To access Federal funding and account for potential use of Federal property (US Navy sites), 
NEPA documentation is required for this project. An additional NEPA process may be required 
for any federal lands property acquisition. The NEPA process will be completed in parallel with 
Facilities Plan documentation with the ongoing site selection process becoming a key 
component the NEPA documentation. The schedule for NEPA is expected to extend into early 
2013. The NEPA document will be adopted by the City for State Environmental Policy Act 
(SEPA) compliance, and will be used by the City to meet State Environmental Review Process 
(SERP) documentation requirements associated with submission of the Facility Plan.  

The NEPA document will be an Environmental Assessment (EA) and it is assumed that NEPA 
EA will receive a Finding of No Significant Impact (FONSI). Meeting this determination will 
require that significant impacts can be indentified and mitigated or avoided. The City will adopt 
the EA to meet their SEPA requirements; at this time, we are assuming this would be a 
mitigated determination of non-significance (DNS), consistent with the FONSI.  

It is expected that the NEPA / SEPA process will be lengthy and involve significant involvement 
with federal agencies for the Biological Assessment (BA) for species listed as threatened or 
endangered under the Federal Endangered Species Act. It is expected that the NEPA / SEPA 
process will also involve significant involvement and consultation with tribal entities and the 
state regulatory agencies for the protection of cultural resources. 

5.4 Public Process 

Additional public input will be sought and incorporated in the next phase of selection. Continuing 
the previous pattern and adapting for the current stage of the project, the following key steps 
are anticipated in the public process: 

1. Issuance of a press release informing the public of the decision to reduce the sties under 
evaluation to three, reminding the public of the schedule, and directing them to the 
project website. 

2. Posting an updated Frequently Asked Questions (FAQ) on website, and updating 
website content to answer questions emerging from the public forums. 

3. Conducting a second survey where participants will be asked to weigh considerations for 
each of the three sites. The survey objectives will be to help the participants understand 
the factors influencing site selection, giving the Council data about what the community 
priorities vis a vis site selection. 

4. Development of an insert for the October utilities billing statement, reminding customers 
that the City will be making the final site selection in December and inviting them to visit 
the website for information, and asking them to take the survey. 
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Table 1 Summary of TBL+ Objectives 
TBL+ Objective Windjammer Park Marina / Seaplane Base Old City Shops Beachview Farm Crescent Harbor 

T1 Reliable Performance 
Yes 

MBR can deliver reliable 
performance 

Yes 
MBR can deliver reliable 

performance 

Yes 
MBR can deliver reliable 

performance 

Yes 
MBR can deliver reliable 

performance 

Yes 
MBR can deliver reliable 

performance 

T2 Ease of Construction 

Yes 
No anticipated construction 

delays 

No 
Construction could be delayed 

through permitting with the 
Navy 

Yes 
No anticipated construction 

delays 

No 
Construction could be 

delayed through permitting 
with the County 

No 
Construction could be delayed 

through permitting with the 
Navy 

T3 Efficiency 
Yes 

|Less conveyance/Pumping 
required 

No 
More conveyance/pumping 

required 

Yes 
Less conveyance/pumping 

required 

No 
More conveyance/pumping 

required 

No 
More conveyance/pumping 

required 

F1 Low Capital Cost 
Yes 

Lowest cost alternative 
No 

Greater than 5% of the lowest 
cost alternative 

Yes 
Within 5% of the lowest cost 

alternative 

No 
Greater than 5% of the 
lowest cost alternative 

Yes 
Within 5% of the lowest cost 

alternative 

F2 Low Life Cycle Cost 
Yes 

Lowest cost alternative 
No 

Greater than 5% of the lowest 
cost alternative 

Yes 
Within 5% of the lowest cost 

alternative 

No 
Greater than 5% of the 
lowest cost alternative 

Yes 
Within 5% of the lowest cost 

alternative 

F3 Protect Assets 

Yes 
Site not located in an area 

zoned for commercial 
development 

Yes 
Site not located in an area 

zoned for commercial 
development 

No 
WWTP located on a site 

zoned for commercial 
development 

Yes 
Site not located in an area 

zoned for commercial 
development 

Yes 
Site not located in an area 

zoned for commercial 
development 

S1 Protect Heath and Safety 
Yes 

MBR will protect public 
health and safety 

Yes 
MBR will protect public  

health and safety 

Yes 
MBR will protect public 

health and safety 

Yes 
MBR will protect public 

health and safety 

Yes 
MBR will protect public 

 health and safety 

S2 Preserve Public Amenities 
No 

WWTP located near a park. 
No 

WWTP located near a marina.
Yes 

No public amenities 
impacted 

Yes 
No public amenities 

impacted 

Yes 
No public amenities 

impacted 

S3 Minimize Neighborhood Impacts 
No 

WWTP located near a 
neighborhood area 

No 
WWTP located near a 

neighborhood area 

No 
WWTP located near a 

neighborhood area 

Yes 
WWTP not located near a 

neighborhood area 

Yes 
WWTP not located near a 

neighborhood area 

E1 Produce Best Water Quality 
Yes 

MBRs produce the highest 
quality effluent 

Yes 
MBRs produce the highest 

quality effluent 

Yes 
MBRs produce the highest 

quality effluent 

Yes 
MBRs produce the highest 

quality effluent 

Yes 
MBRs produce highest quality 

effluent 

E2 Protect Cultural and 
Environmentally Sensitive Areas 

Yes 
WWTP can be located to 

protect cultural and 
environmentally sensitive 

areas 

Yes 
WWTP can be located to 

protect cultural and 
environmentally sensitive 

areas 

Yes 
WWTP can be located to 

protect cultural and 
environmentally sensitive 

areas 

Yes 
WWTP can be located to 

protect cultural and 
environmentally sensitive 

areas 

Yes(1)

WWTP can be located to 
protect cultural and 

environmentally sensitive areas 

E3 Minimize Carbon Footprint 

No 
MBR processes have a 

higher carbon footprint than 
AS processes 

No 
MBR processes have a higher 

carbon footprint than  
AS processes 

No 
MBR processes have a 

higher carbon footprint than 
AS processes 

No 
MBR processes have a 

higher carbon footprint than 
AS processes 

No 
MBR processes have a higher 

carbon footprint than  
AS processes 

Note 
(1) Although culturally sensitive areas and wetlands are sited on the property, it is believed that a WWTP can be located to avoid the cultural impacts and can be located to mitigate wetland 

impacts.  
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PURPOSE 

This Interim Technical Memorandum (TM) presents preliminary alternative outfall and diffuser 
location alternatives for discharge of treated effluent from the future City of Oak Harbor (City) 
Wastewater Treatment Plant (WWTP).  This TM is intended to support the initial evaluation 
(Phase 1) of wastewater system alternatives, leading to the short listing of five overall system 
alternatives.  Refinement and more comprehensive evaluation of regulatory, engineering and 
environmental considerations for the outfall will be conducted in Phase 2 for the final five 
alternatives, and documented in the final version of this TM. 

Preliminary outfall/diffuser locations were selected with respect to such siting considerations as 
the location of the future WWTP, existing outfall locations, condition of the existing outfalls, the 
presence of harvestable shellfish resources, and existing aquatic land leases/easements.  
Preliminary modeling was conducted for diffusers at four alternative locations to predict mixing 
zone dilution factors and potential compliance with state water quality standards.  The dilution 
and water quality modeling are based upon engineering and environmental assumptions that will 
be refined as outfall siting and design development continues.   

EXISTING CITY OF OAK HARBOR OUTFALLS 

The City currently operates two WWTPs, a rotating biological contactor (RBC) plant located 
near the shoreline of Oak Harbor next to Windjammer Park, and a lagoon plant located within 
the Naval Seaplane Base and adjacent to Crescent Harbor.  Treated effluent from each WWTP is 
discharged through an outfall to the adjacent harbors.  The RBC and Lagoon WWTPs and their 
associated outfall locations are shown in Figure 1. 

RBC Plant Outfall 

Treated effluent from the RBC Plant is discharged into Oak Harbor through an 18-inch-diameter 
corrugated metal pipe (CMP) outfall.  The outfall is 1,160 feet long, terminating at a water depth 
of approximately -15 feet mean lower low water (MLLW).  The outfall includes a diffuser 
section at the terminus consisting of five 8-inch ports arranged in a modified "H" pattern and a 
single 6-inch port. The 6-inch port is oriented as an opening in the top center of the diffuser. 
Four of the 8-inch ports are equally-spaced on 7-foot centers around the top port (two on each 
side of the diffuser) and discharge horizontally. The sixth port (8-inch) discharges horizontally at 
the end of the pipe. 

The diffuser has had a history of sediment buildup and blockage of individual ports.  In summer 
2010, a significant portion of the outfall was found to be filling with sediments, blocking flow to 
the diffusers.  The City has abandoned the existing Oak Harbor outfall and there does not appear 
to be any residual asset value to this outfall or diffuser. 

Lagoon Plant Outfall 

Treated effluent from the Lagoon Plant is discharged into Crescent Harbor though an 18-inch-
diameter concrete outfall. The outfall is 3,284 feet long, terminating at a water depth of -44 feet 
MLLW.  The first 990 feet from the shoreline out to approximately -15 feet MLLW consists of 
reinforced concrete pipe (RCP) constructed circa 1960.  The outfall was extended in 1989 from 
that point to the current diffuser location shown in Figure 1 with concrete cylinder pipe (CCP).  
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The CCP portion of the outfall terminates in a diffuser section consisting of twenty-four 2-1/4” 
ports spaced alternately on 8-foot centers.  The diffuser ports discharge horizontally at the spring 
line of the outfall diffuser pipe.   

The Lagoon Plant outfall was inspected by Cosmopolitan staff divers in October 2010.  The 
video and written report of the inspection were submitted separately.  The summary conclusions 
and recommendations are summarized below: 

 The older RCP section of the outfall has reported leaks near shore, and is not considered 
suitable for long-term wastewater discharge scenarios. 

 The thrust block and coupling joining the RCP and CCP sections has separated and is 
leaking. 

 The CCP section of the outfall constructed in 1989 is in good condition and may be 
considered in any long-term wastewater discharge scenario. 

 The diffuser section is structurally in good condition, but enlargement and various repairs 
to diffuser ports and the end cap would be necessary. 

ALTERNATIVE DIFFUSER SITES 

Five generalized alternative outfall diffuser locations have been established for this Phase 1 
screening evaluation.  The first four alternatives are located in Oak Harbor and Crescent Harbor 
as shown in Figure 1.  The fifth alternative is located near West Beach, with an outfall into the 
Strait of Juan de Fuca.  These locations and design criteria will be refined during Phase 2 of this 
project to best match the selected WWTP treatment method and site alternatives.   

Alternative 1 – Existing Oak Harbor Location 

The diffuser location for Alternative 1 is generally along the existing RBC Plant outfall 
alignment, at the existing diffuser water depth of -15 feet MLLW.  The existing CMP outfall and 
diffuser have no residual asset value, so this alternative would require a new outfall pipe and 
diffuser constructed in the same vicinity. 

Alternative 2 – Existing Crescent Harbor Location 

The diffuser location for Alternative 2 is along the existing Lagoon Plant outfall alignment, at 
the existing diffuser water depth of -44 feet MLLW.  This diffuser location is deeper than the 
Oak Harbor alternatives.  It also provides the greatest potential for achieving even greater water 
depths, if necessary, for increased dilution.  The CCP portion of the existing outfall may be used 
as part of this alternative, if hydraulic capacity is sufficient.  A new outfall pipe to this diffuser 
site may be appropriate depending on the adjoining WWTP site location (e.g. the isthmus 
between Oak Harbor and Crescent Harbor).  The existing diffuser section may used in this 
alternative, pending hydraulic suitability and would require minor repairs as noted in the 
inspection report. 
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Alternative 3 – Inner Oak Harbor Location 

The Alternative 3 diffuser location is located along an alignment within an existing aquatic lands 
right-of-way (ROW) granted to the City in 1939 for the original WWTP and outfall.  The ROW 
has an unlimited term, and is therefore still valid as long as it is used for its specified purpose of 
wastewater disposal.  Water depth at the diffuser location is approximately -12 feet MLLW, the 
shallowest of all the alternatives.  Alternative 3 is not tied to an existing treatment facility, but is 
located near Oak Harbor Marina, and is adjacent to a central portion the City’s current 
population base and the isthmus between Oak Harbor and Crescent Harbor.   

Alternative 4 – Outer Oak Harbor Location 

The Alternative 4 diffuser location is along an alignment selected in an outer portion of Oak 
Harbor.  Water depth at the diffuser location is approximately -20 feet MLLW.  Alternative 4 is 
not tied to an existing treatment facility and is located at the extreme south-west limits of the 
City.  Installation of an outfall and diffuser at this location would likely only be appropriate if the 
future WWTP is sited in the southwest portion of the city.   

Alternative 5 – West Beach Alternative 

The wastewater facilities evaluation has added a potential treatment facility site near West 
Beach, which could include an outfall discharge to the Strait of Juan de Fuca.  This discharge 
site has stronger tidal and wind currents than Oak Harbor or Crescent Harbor, and therefore 
would have higher mixing capability than any of the sites described above. 

REGULATORY SITING CONSIDERATIONS 

While there are a number of local, state, and federal agencies and tribes that may have influence 
and/or permitting authority, there are two state agencies that have direct and principal control 
over outfall site selection.  Ecology administers NPDES permits and has criteria for mixing 
zones and water quality standards compliance at the point of discharge.  Washington Department 
of Health (WDOH) is responsible for certification of commercial shellfish harvesting, which is 
an important and valuable resource in Saratoga Passage and Penn Cove.  Washington 
Department of Natural Resources (WDNR) administers aquatic lands leases in Puget Sound, and 
works closely with WDOH in managing the commercial shellfish resource in conjunction with 
outfall leases.  Since 1995, most of the discharge sites for WWTP outfalls in Puget Sound have 
been driven exclusively by these commercial shellfish issues. 

WDOH Shellfish Closure Zones 

WDOH Office of Shellfish and Water is responsible for certification of shellfish tracts for 
commercial harvest.  While Penn Cove near Coupeville is the most actively managed and 
harvested area in the vicinity, Oak Harbor and Crescent Harbor are also been mapped and 
classified.  The 2009 WDOH Annual Report for the Saratoga Passage Growing Area shows the 
harvest classifications for Oak and Crescent Harbors shown in Figure 2.  These boundaries are 
also shown on the project base map, Figure 1. 
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WDOH and federal Food and Drug Administration (FDA) protocol require shellfish closure 
zones of 300 yard minimum radius around WWTP outfalls.  WDOH conducts routine 
evaluations of all WWTP outfalls in Puget Sound, and routinely expands on the minimum 
closure zone based on WWTP technology, performance, and effluent dilution and transport. 

Since before 1990, all of Oak Harbor and the northwestern quadrant of Crescent Harbor have 
been closed to commercial geoduck clam harvest.  In a February 11, 2008 memorandum to the 
Saratoga Passage Growing Area file, Mark Toy of WDOH re-evaluated the closure zones for the 
RBC and Lagoon WWTP outfalls.  That evaluation confirmed the historic locations of the 
closure zone boundaries for present discharge conditions: 

 The Crescent Harbor closure zone (termed the Seaplane Base outfall zone in the Toy 
memorandum) is unchanged and as shown in Figures 1 and 2.  However, the closure zone 
would need to be re-evaluated if there are modifications to the treatment facility, a new 
facility, or increases in the flow rate from the Lagoon WWTP outfall.  The required 
studies for assessing closure zone boundaries for a modified discharge would include 
hydrographic measurements and current or dye tracer studies.  Only abandonment of the 
Lagoon outfall would shrink or eliminate the Crescent Harbor closure zone. 

 The Oak Harbor closure zone is also unchanged from historic boundaries.  The geoduck 
harvest restriction in this area is a result of several factors, including the RBC outfall 
discharge, the Oak Harbor Marina, and urban runoff in this area.  Abandonment of the 
RBC outfall would likely not change the closure zone due to the presence of the other 
sources of bacterial contamination.  However, WDOH has stated that a drogue study 
(current measurement) would be required for any modification or relocation of the 
outfall, to confirm the location of the Oak Harbor closure zone boundary. 

 Washington Department of Fish and Wildlife (WDFW) has mapped several commercial-
grade geoduck beds on the west side of Whidbey Island in the vicinity of West Beach 
(Tract No. 3100).  A new outfall discharge at West Beach would need to consider the 
potential damages and mitigation fees to these commercial geoduck beds.  This 
evaluation would require extensive hydrographic and oceanographic measurements and 
modeling that are not included in this phase of the facility planning study.  These costs 
could be on the order of $10 million based on precedent at other Puget Sound sites, and 
would need to be evaluated further if the West Beach alternative is selected among the 
final treatment plant sites. 

 The treatment technology selected for the new treatment facility will influence the 
shellfish closure zone.  Potential changes will be assessed as a function of treatment plant 
flow and treatment technology.  For example, membrane bio-reactor (MBR) treatment 
technology may be more favorable than activated sludge in closure zone assessments, 
which could be one determinant in the treatment technology selection.  Achievement of 
suitable disinfection process redundancy (for example by achieving Class A reclaimed 
water standards) through either MBR or activated sludge technology may achieve the 
minimum 300-yard closure zone for the future discharge (Toy, personal communication, 
April 2011). 
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Based on the WDOH memoranda, we have concluded the following relative to the alternative 
outfall diffuser sites: 

Table 1 Commercial Shellfish Closure Zone Conclusions for Alternative Diffuser Sites 

Alternative Conclusion 

1 – Existing Oak Harbor Closure zone most likely would remain unchanged, no possibility of reducing 
size 

2 – Existing Crescent Harbor Closure zone likely to expand; could only be reduced by adding process 
redundancy (e.g., Class A reuse) 

3 – Inner Oak Harbor Very unlikely to change existing closure zone 
4 – Outer Oak Harbor  Likely to expand closure zone due to proximity to boundary 
5 – West Beach Likely to include new closure zone within existing mapped commercial areas 

 

WDNR Aquatic Lands Leases 

As stated previously, WDNR administers aquatic lands leases in Puget Sound.  They have issued 
aquatic lands leases with provisions for recovering damages for lost resources, and begun 
aggressively pursuing payments from treatment plant outfall owners in locations where outfalls 
interfere with commercial harvest.  Outfall extensions have been recently constructed at 
Kingston, Vashon, Gig Harbor, Redondo and Hartstene Island treatment plants solely to avoid 
payments for the value of geoduck clams up to $10 million.   

DNR has also been enforcing or updating aquatic lands leasing requirements for WWTP outfalls 
that have been constructed without such leases or expired leases.  The following conclusions are 
relevant for the diffuser site alternatives in this project: 

 Alternative 1 – Existing Oak Harbor Outfall – According to City and WDNR records, 
there has never been an aquatic lands lease issued for the RBC Outfall.  WDNR has 
notified the City that a new aquatic lands lease will be required if this outfall or outfall 
corridor is used in the future for wastewater discharge. 

 Alternative 2 – Existing Crescent Harbor Outfall – The Lagoon Outfall is located within 
an aquatic lands lease issued to the City in October 2005.  The lease exposes the City to 
potential charges by WDNR for commercial shellfish (geoducks) that are not harvestable 
due to presence of the treatment plant discharge.  Part 9.2(d) of the City’s lease with 
DNR specifically establishes these potential costs.  This is the same clause and 
mechanism that lead to outfall and/or treatment modifications at the facilities mentioned 
above.  Without conducting the required technical evaluation for WDOH to assess the 
closure zone, we have the following conclusions pertaining to the Crescent Harbor outfall 
alternative: 

 The only way to eliminate the exposure to potential damage assessments is to 
eliminate this discharge alternative 

 An increase in effluent flows to this discharge site would likely increase the size of 
the closure zone and therefore the potential damage assessment. 
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 Treatment technology for the future facility will be critical to any future Crescent 
Harbor closure zone assessment, and achievement of Class A reclaimed water 
standards (or other methods of disinfection process reliability approved by WDOH) 
would have a significant benefit in minimizing the impacts. 

 Alternative 3 – New Inner Oak Harbor Outfall – This outfall alternative is sited within a 
right-of-way (ROW) on aquatic lands that was granted to the City in 1939 for wastewater 
discharge (see Attachment 1).  That status likely would prohibit DNR from assessing any 
potential shellfish costs to the City, and WDOH would never allow commercial 
shellfishing within the harbor due to the marina.  The existing ROW is a substantial 
positive asset of the city that may not require an aquatic lands lease from WDNR. 

 Alternative 4 – New Outer Oak Harbor Outfall – This outfall alternative would require a 
new aquatic lands lease from WDNR.  Because it is in closer proximity to the shellfish 
closure zone boundary that the existing or inner Oak Harbor sites, there is a higher risk of 
potential shellfish damages by WDNR.  Much like the Crescent Harbor outfall 
alternative, a closure zone evaluation per WDOH would be required to assess the closure 
zone impacts, and achieving Class A standards could be an important consideration in 
favor under this alternative. 

 Alternative 5 – West Beach Outfall – This outfall would require a new aquatic lands 
lease from WDNR.  Although this site is capable of the greatest effluent mixing and 
dispersion, it includes mapped commercial geoduck resources.  The WDNR lease would 
likely require mitigation payments for lost commercial value or extension of the outfall to 
a very deep site.  The mitigation cost for this lease would potentially be the highest of all 
the alternative sites.  No further quantitative assessment of an outfall to the Strait has 
been conducted, but could be added later if the West Beach treatment site is selected as a 
final alternative. 

DILUTION MODEL ANALYSIS 

Effluent dilution was predicted using the United States Environmental Protection Agency 
(USEPA) and Washington State Department of Ecology (Ecology) approved mixing zone model 
UM3, as contained in the Visual Plumes interface (Frick, et al., 2002).  The model was run using 
input data based upon data collected previously for model analysis of existing City outfall and 
several assumptions discussed in this section.  The modeling is presented primarily for 
comparative purposes between the four alternative outfall sites. 

Model results are presented for Year 2025 design flows, as identified in the 2010 Facility Plan 
prepared by the Project Team.  The maximum month and maximum day effluent flow rates 
applicable to the dilution analysis are 3.6 and 6.0 million gallons per day (mgd), respectively.  
Dilution results would be similar for higher effluent flows expected at buildout, assuming the 
design length and port characteristics of the diffuser are scaled appropriately. 
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Dilution Model Input Parameters 

Model input data is required for the assumed diffuser design characteristics, ambient conditions, 
and effluent characteristics.  Model input data and assumptions are described as follows: 

Diffuser Parameters 

Diffuser parameters were defined based upon the existing Crescent Harbor Outfall diffuser 
except that the diffuser port diameter was increased to 4 inches, as smaller ports can be prone to 
clogging from marine growth.  Diffuser input values include: 

 Port Diameter – 4 inches 
 Port Elevation – 12 inches 
 Vertical Angle – horizontal to seabed 
 Horizontal Angle – perpendicular to current 
 Number of Ports – 24  
 Port Spacing – 8 feet 
 Port Depth – varies between 12 and 44 feet for the four alternatives 

Diffuser parameters will be refined during later phases of design to fit existing seabed conditions 
at the selected site and based upon hydraulic analysis.  A single diffuser alternative for the 
current analyses serves as a convenient basis of comparison. 

Ambient Parameters 

Ambient parameters include current speed and direction, temperature, and salinity.  Ambient 
temperature and salinity profiles were collected in 1995 at locations near the existing RBC and 
Lagoon Plant outfalls as part of a previous mixing zone study (URS, 1995).  Summer and winter 
profiles collected at both locations are summarized in Table 2. 

Table 2 Ambient Density Profiles 

 Summer Profile Winter Profile 

Depth (m) Salinity (PSU) Temperature (°C) Salinity (PSU) Temperature (°C) 

OAK HARBOR DATA 

0 26.71 15.69 21.99 6.51 
1 26.15 15.53 22.47 7.34 
2 27.22 14.59 25.98 9.24 
3 27.54 13.99 26.78 9.42 
4 27.83 13.55 26.92 9.41 
5 28.18 13.00 26.60 9.40 
6 28.50 12.79 26.52 9.39 

CRESCENT HARBOR DATA 

0 25.83 13.96 22.22 6.44 
2 26.90 13.93 24.40 8.22 
4 27.43 13.25 27.14 8.88 
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Table 2 Ambient Density Profiles 

 Summer Profile Winter Profile 

Depth (m) Salinity (PSU) Temperature (°C) Salinity (PSU) Temperature (°C) 

OAK HARBOR DATA 

6 28.09 12.65 28.53 9.30 
8 28.29 12.52 29.11 9.51 
10 28.71 12.05 29.59 9.57 
12 28.92 11.84 29.89 9.61 
14 29.12 11.54 29.92 9.62 

 

Previous mixing zone studies (URS, 1995 and Tetra Tech, 2000) have used assumed low current 
speeds between 0.01 and 0.03 meters per second (m/s).  For the present analysis, a tidal prism 
analysis was performed for Oak Harbor which calculated current speed based upon the volume 
of water moving across a cross-section of the harbor defined by the outfall alignments.  
Approximate bathymetric contours (see Figure 1) were developed from National Oceanographic 
and Atmospheric Administration (NOAA) soundings data, and were then used to calculate 
volumes and cross-sectional areas.  Change in volume was based on NOAA tidal height 
predictions (November 2010 through April 2011) at 30 minute intervals.  A statistical analysis of 
the resulting calculated current speeds was performed to develop 10th, 50th, and 90th percentile 
current speeds.  Table 3 summarizes the calculated current speeds for the Oak Harbor 
alternatives.   

Table 3 Ambient Current Speed Summary 

 
10th Percentile 

Current Speed (m/s) 
50th Percentile 

Current Speed (m/s) 
90th Percentile 

Current Speed (m/s) 

Alternative 1 – Existing Oak Harbor Location 0.013 0.044 0.091 
Alternative 2 – Crescent Harbor Outfall 
Location 0.013 0.044 0.091 

Alternative 3 – Inner Oak Harbor Location 0.003 0.011 0.025 
Alternative 4 – Outer Oak Harbor Location 0.009 0.030 0.062 

 

As shown in Table 3, the calculated current speeds are similar to those assumed in previous 
mixing zone modeling.  The calculated current speeds are conservative as they do not account 
for additional wind energy.  Ambient current direction is assumed to be perpendicular to the 
diffuser.  There is no existing current speed data for the Crescent Harbor outfall (Alternative 2), 
so the speeds used in this mixing zone modeling were set equal to the Oak Harbor site 
(Alternative 1). 
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Effluent Parameters 

Year 2025 design maximum month and maximum day effluent flows are 3.6 and 6.0 mgd, 
respectively.  Maximum month flows are used to evaluate chronic dilution, while maximum day 
flows are used to evaluate acute dilution.  Effluent temperature is assumed to be 20°C for 
summer conditions and 15°C for winter conditions. 

Dilution Model Results 

Minimum model predicted acute and chronic dilution factors for the alternative diffuser locations 
are summarized in Table 4.  These dilution factors were used to assess compliance with state 
water quality standards using reasonable potential analysis protocol. 

Table 4 Dilution Model Results Summary 

 
Water Depth
(ft MLLW) 

Model Predicted 
Acute Dilution Factor 

Model Predicted 
Chronic Dilution Factor 

Alternative 1 – Existing Oak Harbor Location 15 33.3 49.2 
Alternative 2 – Existing Crescent Harbor Location 44 66.4 85.6 
Alternative 3 – Inner Oak Harbor Location 12 23.7 46.3 
Alternative 4 – Outer Oak Harbor Location 20 42.7 63.0 

 

As shown in Table 4, predicted dilution is sensitive to diffuser depth.  The greatest dilution 
potential occurs at greater water depth.  The Reasonable Potential Analysis presented in the 
following section will be used to determine whether greater dilution values are necessary to meet 
water quality standards. 

REASONABLE POTENTIAL ANALYSIS 

The reasonable potential to exceed water quality standards is a standard statistical test developed 
by the United Stated Environmental Protection Agency (USEPA) and Ecology to establish the 
need for effluent limits in NPDES permits.  Reasonable potential analysis (RPA) procedures are 
outlined in the Permit Writer’ Manual (Ecology, 2008) and the Technical Support Document for 
Water Quality-Based Toxics Control (USEPA, 1991).   

Assumed Effluent and Ambient Water Quality Data 

In addition to anticipated dilution values, the RPA requires effluent and ambient water data as 
input data.  Effluent concentration data from the existing WWTPs are not relevant because RBC 
and lagoon treatment will not be continued.  Therefore, the RPA presented herein assumes 
effluent/ambient water quality values used by King County in their analysis of the Brightwater 
WWTP effluent (King County, 2003).  King County developed effluent water quality 
assumptions for both conventional extended aeration and membrane treatment plants, and 
performed extensive ambient water quality testing to define background water quality within 
Puget Sound.  Effluent (90th percentile) and ambient (mean) water quality used in the RPA is 
summarized in Table 5. 
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Table 5 Effluent and Ambient Water Quality Data Summary (King County, 2003) 

Parameter Ambient Water Quality 
Effluent Water Quality 

Membrane Plant 
Effluent Water Quality 

Extended Aeration Plant 

Chromium (µg/L) 0.006 0.7 3.8 
Copper (µg/L) 0.43 9.4 17.6 
Mercury (µg/L) 0.00036 0.1 0.15 
Nickel (µg/L) 0.45 3.3 13.9 
Silver (µg/L) 0.06 0.2 3.3 
Zinc (µg/L) 0.52 41.1 51.6 
Ammonia (mg/L) 0.02 20.0 21.0 

 

Reasonable Potential Analysis 

A RPA typically uses data sets to define statistical parameters, such as the number of data points 
and the coefficient of variation (CV), that are used to provide a factor of safety for the results. 
For this RPA, a relatively small sample set was assumed (10) with a default CV of 0.6.  The 
assumed statistical parameters provide a conservative factor of safety.  Reasonable potential 
analysis results are summarized in Table 6.  The RPA indicates that there is no reasonable 
potential to exceed water quality standards for any combination of diffuser alternative and 
assumed effluent water quality.   

Table 6 Reasonable Potential Analysis Results Summary 

State Water 
Quality Standard

Calculated 
Conc. @ Mixing 
Zone Boundary RPA Ratio 

Parameter 

Ambient 
Conc. 
(µg/L) 

Effluent 
Conc. 
(µg/L) 

Acute
(µg/L) 

Chronic
(µg/L) 

Acute
(µg/L)

Chronic
(µg/L) 

Acute
(µg/L) 

Chronic 
(µg/L) 

Reasonable 
Potential/Limit 

Required? 

Diffuser Alternative 1 – Extended Aeration Effluent 

Chromium 0.006 3.8 1,100 50 0.20 0.14 0.00 0.00 No 
Copper  0.43 17.6 4.8 3.1 1.18 0.94 0.25 0.30 No 
Mercury  0.00036 0.15 1.8 0.025 0.007 0.006 0.00 0.23 No 
Nickel  0.45 13.9 74 8.2 1.16 0.93 0.02 0.11 No 
Silver 0.06 3.3 1.9 N/A 0.20 N/A 0.11 N/ A No 
Zinc  0.52 51.6 90 81 3.05 2.24 0.03 0.03 No 
Ammonia 21.3 21,000 8,235 1,320 1,118 763 0.14 0.58 No 
Diffuser Alternative 1 – Membrane Effluent 

Chromium 0.006 0.7 1,100 50 0.04 0.03 0.00 0.00 No 
Copper  0.43 9.4 4.8 3.1 0.82 0.70 0.17 0.22 No 
Mercury  0.00036 0.10 1.8 0.025 0.005 0.004 0.00 0.16 No 
Nickel  0.45 3.3 74 8.2 0.61 0.56 0.01 0.07 No 
Silver 0.06 0.2 1.9 N/A 0.07 N/A 0.04 N/ A No 
Zinc  0.52 41.1 90 81 2.54 1.88 0.03 0.02 No 
Ammonia 21.3 20,000 8,235 1,320 1,065 728 0.13 0.55 No 
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Table 6 Reasonable Potential Analysis Results Summary 

State Water 
Quality Standard

Calculated 
Conc. @ Mixing 
Zone Boundary RPA Ratio 

Parameter 

Ambient 
Conc. 
(µg/L) 

Effluent 
Conc. 
(µg/L) 

Acute
(µg/L) 

Chronic
(µg/L) 

Acute
(µg/L)

Chronic
(µg/L) 

Acute
(µg/L) 

Chronic 
(µg/L) 

Reasonable 
Potential/Limit 

Required? 

Diffuser Alternative 2 – Extended Aeration Effluent 

Chromium 0.006 3.8 1,100 50 0.10 0.08 0.00 0.00 No 
Copper  0.43 17.6 4.8 3.1 0.81 0.72 0.17 0.23 No 
Mercury  0.00036 0.15 1.8 0.025 0.004 0.003 0.00 0.14 No 
Nickel  0.45 13.9 74 8.2 0.80 0.72 0.01 0.09 No 
Silver 0.06 3.3 1.9 N/A 0.13 N/A 0.07 N/ A No 
Zinc  0.52 51.6 90 81 1.79 1.51 0.02 0.02 No 
Ammonia 21.3 21,000 8,235 1,320 571 448 0.07 0.34 No 
Diffuser Alternative 2 – Membrane Effluent 

Chromium 0.006 0.7 1,100 50 0.02 0.02 0.00 0.00 No 
Copper  0.43 9.4 4.8 3.1 0.63 0.58 0.13 0.19 No 
Mercury  0.00036 0.10 1.8 0.025 0.003 0.002 0.00 0.10 No 
Nickel  0.45 3.3 74 8.2 0.53 0.51 0.01 0.06 No 
Silver 0.06 0.2 1.9 N/A 0.06 N/A 0.03 N/ A No 
Zinc  0.52 41.1 90 81 1.53 1.30 0.02 0.02 No 
Ammonia 21.3 20,000 8,235 1,320 545 427 0.07 0.32 No 
Diffuser Alternative 3 – Extended Aeration Effluent 

Chromium 0.006 3.8 1,100 50 0.28 0.15 0.00 0.00 No 
Copper  0.43 17.6 4.8 3.1 1.48 0.97 0.31 0.31 No 
Mercury  0.00036 0.15 1.8 0.025 0.010 0.006 0.01 0.24 No 
Nickel  0.45 13.9 74 8.2 1.44 0.96 0.02 0.12 No 
Silver 0.06 3.3 1.9 N/A 0.26 N/A 0.14 N/ A No 
Zinc  0.52 51.6 90 81 4.08 2.34 0.05 0.03 No 
Ammonia 21.3 21,000 8,235 1,320 1,562 810 0.19 0.61 No 
Diffuser Alternative 3 – Membrane Effluent 
Chromium 0.006 0.7 1,100 50 0.06 0.03 0.00 0.00 No 
Copper  0.43 9.4 4.8 3.1 0.98 0.71 0.21 0.23 No 
Mercury  0.00036 0.10 1.8 0.025 0.007 0.004 0.00 0.16 No 
Nickel  0.45 3.3 74 8.2 0.67 0.56 0.01 0.07 No 
Silver 0.06 0.2 1.9 N/A 0.07 N/A 0.04 N/ A No 
Zinc  0.52 41.1 90 81 3.35 1.97 0.04 0.02 No 
Ammonia 21.3 20,000 8,235 1,320 1,488 772 0.18 0.58 No 
Diffuser Alternative 4 – Extended Aeration Effluent 
Chromium 0.006 3.8 1,100 50 0.16 0.11 0.00 0.00 No 
Copper  0.43 17.6 4.8 3.1 1.01 0.83 0.21 0.27 No 
Mercury  0.00036 0.15 1.8 0.025 0.006 0.004 0.00 0.18 No 
Nickel  0.45 13.9 74 8.2 1.00 0.82 0.01 0.10 No 
Silver 0.06 3.3 1.9 N/A 0.17 N/A 0.09 N/ A No 
Zinc  0.52 51.6 90 81 2.50 1.86 0.03 0.02 No 
Ammonia 21.3 21,000 8,235 1,320 876 601 0.11 0.46 No 
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Table 6 Reasonable Potential Analysis Results Summary 

State Water 
Quality Standard

Calculated 
Conc. @ Mixing 
Zone Boundary RPA Ratio 

Parameter 

Ambient 
Conc. 
(µg/L) 

Effluent 
Conc. 
(µg/L) 

Acute
(µg/L) 

Chronic
(µg/L) 

Acute
(µg/L)

Chronic
(µg/L) 

Acute
(µg/L) 

Chronic 
(µg/L) 

Reasonable 
Potential/Limit 

Required? 

Diffuser Alternative 4 – Membrane Effluent 

Chromium 0.006 0.7 1,100 50 0.03 0.03 0.00 0.00 No 
Copper  0.43 9.4 4.8 3.1 0.74 0.64 0.15 0.21 No 
Mercury  0.00036 0.10 1.8 0.025 0.004 0.003 0.00 0.12 No 
Nickel  0.45 3.3 74 8.2 0.57 0.53 0.01 0.07 No 
Silver 0.06 0.2 1.9 N/A 0.07 N/ A 0.03 N/A No 
Zinc  0.52 41.1 90 81 2.09 1.59 0.02 0.02 No 
Ammonia 21.3 20,000 8,235 1,320 835 573 0.10 0.43 No 

 

Table 6 also presents an “RPA Ratio” for each parameter.  The RPA Ratio is the ratio of the 
predicted contaminant concentration at the mixing zone boundary to the regulatory standard.  All 
of the RPA Ratios in Table 6 are less than 1.0, indicating no exceedence of water quality 
standards.  The higher the RPA Ratio, the closer the predicted contaminant concentration is to 
the standard.   

For all alternatives, ammonia has the highest RPA Ratio.  For Oak Harbor diffuser alternatives, 
water quality standards would be met with a safety factor (reciprocal of the RPA Ratio) of 
approximately 2.  The safety factor for the Crescent Harbor alternatives would be slightly higher 
due to the higher dilution potential at that site.  The RPA Ratio/safety factor is based upon 
several assumptions that have yet to be verified, the most important of which include (1) the 
anticipated effluent ammonia concentration and (2) the impact of effluent reflux on effluent 
dilution.   

Effluent reflux, which is the long-term accumulation of effluent due to tidal affects, was not 
accounted for in the dilution analysis presented herein because it must be evaluated via site 
specific field studies1.  Should actual effluent ammonia concentrations exceed the assumed 
values and/or the impact of reflux reduce modeled dilution values presented herein, the RPA 
Ratios presented in Table 6 may approach or exceed 1.0, indicating a potential to exceed water 
quality standards.   

At the current level of analysis, the RPA indicates water quality standards will be met within the 
mixing zone for all alternatives.  Thus, mixing zone dilution factors are not the most important 
factors for development of outfall/diffuser alternatives.  However, if the selected treatment 
scheme does not provide nitrification of the effluent, an additional level of mixing evaluation 
including site specific field and modeling studies will be necessary to assess compliance with the 
ammonia water quality standard for all outfall options.  If effluent ammonia concentrations 
appear to be a driving factor, additional WWTP phasing analyses could be performed.  The RPA 

                                                 
1 In the absence of site specific field study information, Ecology assumes a default reflux impact where effluent 
dilution is reduced by 50 percent. 
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is based upon Year 2030 design flow rates.  Earlier in the design life of the WWTP dilution will 
be greater, potentially allowing the effluent to meet ammonia standards until flows increase and 
nitrification (ammonia removal) treatment processes can be phased in to the WWTP treatment 
scheme. 

SUMMARY 

Four alternative outfall alignments and diffuser locations (see Figure 1) were selected based upon 
physical and regulatory siting considerations.  The four alternatives represent the likely range of 
potential outfall/diffuser locations that may be used to discharge treated effluent from the future City 
of Oak Harbor WWTP.  The analyses and results presented in this Technical Memorandum are 
preliminary and based upon several assumptions that may be refined as the outfall siting and design 
process continues.  This Technical Memorandum is intended to support the City and Project Team 
with selection of the four final treatment and siting alternatives for the future WWTP. 

Table 7 summarizes the advantages and disadvantages for each alternative as discussed herein.   

Table 7 Diffuser Alternative Advantage/Disadvantage Summary 

 Advantages Disadvantages 

Alternative 1 – 
Existing Oak 
Harbor Location 

 Meets all dilution and water quality 
requirements 

 Co-located in prohibited shellfish harvesting 
area with other urban sources 

 Near existing treatment facility and City 
population base 

 Lower dilution potential 
 No existing aquatic lands lease 
 New aquatic lease required 
 Existing CMP outfall has no residual asset 

value 

Alternative 2 – 
Existing Crescent 
Harbor Location 

 Meets all dilution and water quality 
requirements 

 Highest dilution potential 
 Existing CCP outfall and diffuser suitable for 

future use 

 Shellfish closure zone potential to increase in 
size with increase discharge flows 

 Aquatic lands lease exposes City to potential 
natural resource damages 

Alternative 3 – 
Inner Oak Harbor 
Location 

 Meets all dilution and water quality 
requirements 

 Co-located in prohibited shellfish harvesting 
area with other urban sources 

 Near City population base 
 Existing right-of-way exempts City from 

WDNR lease requirements and potential 
natural resource damages 

 Lowest dilution potential 
 Not tied to existing treatment facility 

Alternative 4 – 
Outer Oak Harbor 
Location 

 Higher dilution potential  Located near existing shellfish closure 
boundary, potential to expand closure zone 

 Aquatic lands lease required from WDNR, 
may expose City to natural resource damage 
claim 

 Not tied to existing treatment facility, and 
removed from City population base 
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CITY OF OAK HARBOR
WASTEWATER TREATMENT FACILITIES PLAN AND PRELIMINARY ENGINEERING

WORKSHOP P3: AUGUST 24, 2011
PRELIMINARY ALTERNATIVE COMPARATIVE COST SUMMARY

Name Windjammer Old City Shops Crescent Harbor
Select Treatment Facility (MBR/AS) MBR MBR MBR
Select Outfall Loacation OH OH OH

Treatment Facility Construction
WWTP $42,500,000 $42,500,000 $42,500,000

Subtotal(3) $42,500,000 $42,500,000 $42,500,000
Conveyance Construction

- Influent Conveyance $4,300,000 $5,900,000 $6,300,000
- Effluent Pump Station $0 $0 $800,000
- Effluent Conveyance $0 $300,000 $2,000,000

Subtotal(4) $4,300,000 $6,200,000 $9,100,000
Outfall Construction

- Outfall/Diffuser(1) $1,600,000 $1,600,000 $1,600,000

Subtotal(5) $1,600,000 $1,600,000 $1,600,000

Alternative Specific Factor Construction
- Premium Architecture/Landscaping $1,500,000 $1,500,000 $0
- Geotechnical Conditions (assumed) $1,500,000 $0 $750,000

Subtotal $3,000,000 $1,500,000 $750,000

Subtotal All Components $51,400,000 $51,800,000 $53,950,000
Sales Tax @ 8.7% $4,471,800 $4,506,600 $4,693,650

Subtotal $55,871,800 $56,306,600 $58,643,650
Contingency @ 30% $16,761,540 $16,891,980 $17,593,095

Construction Costs $72,630,000 $73,200,000 $76,240,000

Soft Costs @ 25%(2) $18,157,500 $18,300,000 $19,060,000
Construction Project Total $90,800,000 $91,500,000 $95,300,000

Land Acquisition
- Treatment Facility $0 $500,000 $300,000
- Conveyance/Outfall $0 $0 $0

Subtotal $0 $500,000 $300,000
Project total w/ Land Acquisition $90,800,000 $92,000,000 $95,600,000

Notes:
1 Assumes Oak Harbor outfall. Crescent Harbor outfall exceeds cost of conveyance to Oak Harbor.
2 Soft Costs include 12% for design, 10% for construction management, and 3% for City administration.
3 See Cost Backup A
4 See Cost Backup B
5 See Cost Backup C

Alternative



CITY OF OAK HARBOR

WASTEWATER TREATMENT FACILITIES PLAN AND PRELIMINARY ENGINEERING

WORKSHOP P3: AUGUST 24, 2011

WWTP COST BACKUP A (MBR)

Unit Process MBR Notes

Headworks  $      5,000,000 
 Coarse screening (3 channels, 2 climbing screens and 1 bypass channel), influent pumping (submersible 

pumps, dry pit wet well), grit removal (2 vortex grit separators) and fine screens (rotary drum) 

Equalization 500,000$           300,000 gal at $1.8/gal

Primary Clarifiers ‐$                   N/A

Secondary Treatment  $    10,100,000   2 x 0.8 mg aeration basins, 5 membrane tanks, 374,000 sf membranes, chem. feed building 

Tertiary Filtration ‐$                   N/A

Disinfection 2,200,000$       invessel Wedeco LBX 1000 UV system, 3 duty, 1 standby, 320 lamps

Solids Handling  $      4,200,000   1 sludge holding tank (16 hour residence time), 1 duty + 1 standby centrifuge, 1 IC 3600 sludge dryer 

Odor Control  3,000,000$       Biotower at $65/scfm

Administration/Maint. 2,300,000$        3,500 sf operations and lab building at $300/sf; 5,000 sf maintenance building at $225/sf. 

Site Work  4,000,000$       15% of the direct costs

Total Direct Costs  31,300,000$    

Indirect Costs (GCs, OH&P) 11,200,000$     15% general conditions, 18% overhead and profit

Subtotal 42,500,000
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City of Oak Harbor
Potential WWTP Sites
Windjammer Park
6/13/2011

Sewage Conveyance Costs (Cost Backup B)

Item No. Item Description Unit Price Quantity Unit Total

1 0.7 MGD Pump Station (E. Navy) $870,000 1 LS $870,000
2 0.2 MGD Pump Station (Central Navy) $570,000 1 LS $570,000
3 Traffic Control Labor and Equipment $50,000 1 LS $50,000
4 Dewatering $50,000 1 LS $50,000
5 Sheeting, Shoring and Bracing $10,000 1 LS $10,000
6 4-inch Force Main $61 1,800 LF $110,000
7 12-inch Gravity Sewer $91 6,400 LF $583,000
8 15-inch Gravity Sewer $101 300 LF $31,000
9 18-inch Gravity Sewer $108 1,200 LF $130,000
10 21-inch Gravity Sewer $114 2,600 LF $297,000
11 30-inch Gravity Sewer $140 500 LF $70,000
12 6-inch Force Main $68 8,000 LF $544,000
13 48-inch Dia Manhole, 0' to 8' deep $4,000 47 EA $188,000
14 Sawcutting Pavement $4 33,280 LF $134,000
15 Pavement Removal $20 10,096 SY $202,000
16 Temporary Sewer Bypass $20,000 1 LS $20,000
17 Crushed Surfacing, Top Course $25 3,197 TN $80,000
18 HMA Trench Patch, CL 1/2, PG 58-22 $100 3,219 TN $322,000
19 Connection to Existing Sewers $60,000 1 LS $60,000
20 Restoration $5,000 1 LS $5,000
21 Cleanup and Testing $10,000 1 LS $10,000

Subtotal $4,336,000

S:\Projects\Oak Harbor\10-10207 Corollo Prelim Eng\200 Prelim Alts\Site Alternatives - Conveyance and Outfall Costs.xlsx
June 13, 2011

$ , ,

ASSUMPTIONS
1. Flows from the City will drain or be pumped to the same site and no additional pumping will be required
2. Existing RBC Diversion FM to remain in place

S:\Projects\Oak Harbor\10-10207 Corollo Prelim Eng\200 Prelim Alts\Site Alternatives - Conveyance and Outfall Costs.xlsx
June 13, 2011



City of Oak Harbor
Potential WWTP Sites
Old City Shops
6/13/2011

Sewage Conveyance Costs (Cost Backup B)

Item No. Item Description Unit Price Quantity Unit Total
1 Traffic Control Labor and Equipment $50,000 1 LS $50,000
2 Dewatering $35,000 1 LS $35,000
3 Sheeting, Shoring and Bracing $50,000 1 LS $50,000
4 24-inch Sanitary Sewer $119 500 LF $60,000
5 48-inch Dia Manhole, 0' to 8' deep $4,000 45 EA $180,000
6 6.0 MGD Pump Station (New RBC PS) $1,070,000 1 LS $1,070,000

7
18-inch Force Main (from RBC Diversion FM to new 
WWTP site)

$102 800 LF $82,000

8 0.7 MGD Pump Station (E. Navy) $870,000 1 LS $870,000
9 0.2 MGD Pump Station (Central Navy) $570,000 1 LS $570,000
10 12-inch Gravity Sewer $91 6,400 LF $583,000
11 15-inch Gravity Sewer $101 300 LF $31,000
12 18-inch Gravity Sewer $108 1,200 LF $130,000
13 21-inch Gravity Sewer $114 2,600 LF $297,000
14 6-inch Force Main $68 8,000 LF $544,000
15 4-inch Force Main $61 1,800 LF $110,000
16 Sawcutting Pavement $4 42,400 LF $170,000
17 Pavement Removal $20 13,544 SY $271,000
18 Temporary Sewer Bypass $5,000 1 LS $5,000
19 Crushed Surfacing, Top Course $25 4,841 TN $122,000
20 HMA Trench Patch, CL 1/2, PG 58-22 $100 4,672 TN $468,000
21 Connections to Existing Sewers $100,000 1 LS $100,000
22 Restoration $25,000 1 LS $25,000
23 Cleanup and Testing $35,000 1 LS $35,000

Subtotal $5,858,000
Effluent Costs

Item No. Bid Item Description Unit Bid Price Quantity Unit Total
1 Traffic Control Labor and Equipment $50,000 1 LS $50,000
2 Dewatering $10,000 1 LS $10,000
3 Sheeting, Shoring and Bracing $10,000 1 LS $10,000
4 Sawcutting Pavement $4 800 LF $4,000
5 Pavement Removal $20 267 SY $6,000

6
30-inch Effluent Gravity Main (from new WWTP to 
new outfall)

$140 800 LF $112,000

7 48-inch Dia Manhole, 0' to 8' deep $4,000 5 EA $20,000
8 Crushed Surfacing, Top Course $25 99 TN $3,000
9 HMA Trench Patch, CL 1/2, PG 58-22 $140 88 TN $13,000
10 Outfall Connection $20,000 1 LS $20,000
11 Restoration $5,000 1 LS $5,000
12 Cleanup and Testing $10,000 1 LS $10,000

Subtotal $263,000
ASSUMPTIONS
1. Pipe includes all fittings, pipe, bedding, excavation and haul
2. Temporary trench patch included in pipe cost
3. Flow from the northern area of City is redirected by gravity directly to Site F
4. Effluent FM and conveyance piping will be constructed in a joint trench when adjacent to each other

S:\Projects\Oak Harbor\10-10207 Corollo Prelim Eng\200 Prelim Alts\Site Alternatives - Conveyance and Outfall Costs.xlsx
June 13, 2011



City of Oak Harbor
Potential WWTP Sites
Crescent Harbor
6/13/2011

Sewage Conveyance Costs (Cost Backup B)

Item No. Item Description Unit Price Quantity Unit Total

1 Traffic Control Labor and Equipment $50,000 1 LS $50,000
2 Dewatering $50,000 1 LS $50,000
3 Sheeting, Shoring and Bracing $50,000 1 LS $50,000
4 9.0 MGD Pump Station (New RBC PS) $1,810,000 1 LS $1,810,000
5 1.2 MGD Pump Station (Refurbish Navy PS) $100,000 1 LS $100,000
6 0.2 MGD Pump Station (Central Navy) $570,000 1 LS $570,000
7 24-inch Force Main from RBC to new WWTP $131 9,800 LF $1,284,000
8 8-inch Force Main $74 2,000 LF $148,000
9 4-inch Force Main $61 2,500 LF $153,000
10 12-inch Gravity Sewer $91 2,400 LF $219,000
11 30-inch Gravity Sewer $140 5,400 LF $756,000
12 48-inch Dia Manhole, 0' to 8' deep $4,000 28 EA $112,000
13 Sawcutting Pavement $4 38,800 LF $156,000
14 Pavement Removal $20 13,100 SY $262,000
15 Temporary Sewer Bypass $20,000 1 LS $20,000
16 Crushed Surfacing, Top Course $25 3,863 TN $97,000
17 HMA Trench Patch, CL 1/2, PG 58-22 $100 3,294 TN $330,000
18 Connections to Existing Sewers $100,000 1 LS $100,000
19 Restoration $25,000 1 LS $25,000
20 Cleanup and Testing $35,000 1 LS $35,000

Subtotal $6,327,000

Effluent Costs

Item No. Bid Item Description Unit Bid Price Quantity Unit Total

1 Traffic Control Labor and Equipment $50,000 1 LS $50,000
2 Dewatering $100,000 1 LS $100,000
3 Sheeting, Shoring and Bracing $10,000 1 LS $10,000
4 Sawcutting Pavement $4 5,400 LF $22,000
5 Pavement Removal $20 2,700 SY $54,000

6
24-inch Effluent Force Main (from new WWTP to 
New Outfall)

$131 5,400 LF $708,000

7 30-inch Gravity Sewer $140 5,100 LF $714,000
8 48-inch Dia Manhole, 0' to 8' deep $4,000 19 EA $76,000
9 Crushed Surfacing, Top Course $25 1,663 TN $42,000
10 HMA Trench Patch, CL 1/2, PG 58-22 $140 1,225 TN $172,000
11 Outfall Connection $20,000 1 LS $20,000
12 Restoration $5,000 1 LS $5,000
13 Cleanup and Testing $10,000 1 LS $10,000

Subtotal $1,983,000

ASSUMPTIONS
1. Effluent will be pumped to a new outfall in Oak Harbor
2. Effluent FM and conveyance piping will be constructed in a joint trench when adjacent to each other

S:\Projects\Oak Harbor\10-10207 Corollo Prelim Eng\200 Prelim Alts\Site Alternatives - Conveyance and Outfall Costs.xlsx
June 13, 2011
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