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Executive Summary

The City of Blaine, Washington (City) is in the planning process of implementing their new
water reclamation facilities to address the growing need for wastewater treatment and en-
hancing water quality in their marine environment. The proposed Lighthouse Point Water
Reclamation Facility (WRF) will be constructed on a site along the Marine Drive corridor.
This corridor is a key focal point for the City as it is the first visible landmark viewed by
visitors traveling south into the U.S. The proposed Lighthouse Point WRF will not only be
required to meet the growth and treatment needs of the City but it must also enhance the
redevelopment of the area as envisioned in the community development master plan.

This Facility Plan is intended to provide the City with a planning document for the new
treatment facilities that will summarize the preliminary service requirements, process
evaluation, cost analysis, and design criteria for the proposed Lighthouse Point WRF. This
Facility Plan has been prepared in accordance with the requirements of Washington
Administration Code 173-240-060, which is administered by the Washington State Depart-
ment of Ecology (Ecology).

Background and Goals
The City owns and operates all components and facilities of the wastewater collection
and treatment system. The City's system consists of a secondary WWTP, WWTP gravity
sewer lines, force mains, and 10 pump stations.

History of the Planning Process
The City’s existing WWTP began operation in 1980. Following adoption of the 1994 General
Sewer Plan, the City of Blaine Wastewater Facilities Engineering Report (Brown & Caldwell,
1994) recommended construction of a new WWTP on the City’s existing WWTP site to
address significant anticipated growth in population and wastewater flows. The report
identified several archeological issues on the existing site but concluded that no other site
was feasible. Ecology reviewed the report and requested clarification of some issues. The
clarifications were provided by the Wastewater Treatment Plant Upgrade and Expansion
Predesign Report (KCM, 1997). Together, these two documents were approved by Ecology in
February 1998 as an engineering report for the WWTP upgrade.

Design documents for the WWTP upgrade and expansion were completed in 1999, and
construction began in spring 1999. Problems began when site excavation encountered human
remains in July 1999. This led to protests from the Lummi Indian Nation, shutdown of the
project in August 1999, and contract termination in March 2000. As a result of its
archaeological characteristics, the existing WWTP site on Semiahmoo Spit is no longer
considered a feasible long-term treatment site. The City entered into an agreement with the
Lummi Nation to abandon the site and remove all unnecessary treatment facilities.

In the aftermath of the expansion project’s termination, the City aggressively evaluated al-
ternatives for addressing capacity limitations of their collection system, the treatment needs



EXECUTIVE SUMMARY

ES-2 03_SEA31009908371_EXESUM/050180011

for future growth, and facilities to meet regulatory compliance requirements. Public scrutiny
of wastewater issues in Blaine has been high. Water quality is a key concern of the com-
munity, especially since the closure of Drayton Harbor to shellfish harvest due to fecal coli-
form contamination. There are many contributors to water quality issues in the harbor,
however, as a point source, municipal wastewater discharges are often singled out in the
public perception of coliform contamination.

The City implemented temporary improvements to prevent wet-weather overflows at Lift
Station #1 (LS1), but they are insufficient to guarantee that there will be no future overflows.
These temporary facilities were also labor intensive and visually unsightly. The City also
implemented some interim improvements to enhance performance of the existing WWTP
until the proposed Lighthouse Point WRF utilities are completed.

Because of the financial impact of constructing the proposed Lighthouse Point WRF and
permanent wet weather overflow protection facilities, the City is seeking multiple sources of
funding. A General Sewer Plan was prepared and submitted to Ecology in 2004, which laid
the foundation for development of new treatment and conveyance facilities. Ecology ap-
proved the planning document in late 2004 and the City moved forward with an
implemented multi-phased approach to addressing their treatment and sewage overflow
issues.

A Facility Plan and design documents for the wet weather overflow protection facilities are
currently being prepared for the Phase 1 improvements. This Facility Plan is being prepared
to address the treatment facilities required at the new Marine Drive site. These proposed
facilities have been designated as the proposed Lighthouse Point WRF.

Facility Plan Goals
The primary purpose of this Facility Pan is to serve as a detailed planning document that
City staff can use to implement required improvements to address identified capacity, treat-
ment, and operation and maintenance needs over the next 20 years at the proposed Light-
house Point WRF. Specific goals of this Facility Plan include:

 Comply with the requirements of WAC Chapter 173-240-060.

 Prepare the plan to be consistent with all other applicable Federal, State, and local regula-
tions, policies, and planning requirements.

 Identify the sizing and design criteria for the proposed facilities.

 Identify budgetary-level construction costs for the proposed treatment facilities.

 Develop a financing plan for the recommended improvements and assess potential im-
pacts on proposed utility rates.

Regulatory Requirements
Implementation of wastewater treatment and conveyance facilities must address the regula-
tions and requirements of many Federal, State, and local regulatory agencies.

Key Federal regulations pertinent to this Facility Plan include; the Endangered Species Act
(ESA), Magnuson-Stevens Fishery Conservation and Management Act, Coastal Zone
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Management Act, Clean Air Act, National Environmental Policy Act, National Historic
Preservation Act, and Public Participation requirements.

Key State regulations pertinent to this Facility Plan include; the National Pollutant Discharge
Elimination System (NPDES) Program, Ecology's Criteria for Sewage Works Design and
Reliability Requirements, State Environmental Policy Act, State Environmental Review, State
Waste Discharge Permit, and the Washington State Energy Code.

Key local regulations and policies pertinent to this Facility Plan include; City of Blaine codes
and standards, Whatcom County Solid Waste Policies, and the Northwest Air Pollution
Authority.

Based on the impacts identified in the Environmental Report, no significant environmental
impacts are anticipated for the Lighthouse Point WRF.

Service Area Characteristics
The City is located in the northwestern part of Washington State directly adjacent to the
U.S.-Canadian border along U.S.v Interstate 5. Drayton Harbor divides the City into
two parts, with Semiahmoo Spit and much of Birch Point lying west of Drayton
Harbor. The remaining portion of the City is east of Drayton Harbor and includes
approximately 2 square miles of business and residential area. Blaine's population is ap-
proximately 3,956 within the City limits, as of December 31, 2002 (Sehome, 2003).

The rapid growth of Vancouver, the Municipality of Surrey (a Vancouver suburb), and the
surrounding area into a metropolitan, industrial, and urban center has affected the entire
area, including the City. The resort community of Birch Bay is south of the City. This
area has experienced considerable growth over the last 20 years, and growth pressures
are expected to continue.

The City’s incorporated area includes 3,500 acres (5.5 square miles) currently within the City
limits. The Urban Growth Area (UGA) includes approximately 2,400 acres (5.7 square miles)
for a total area of the City and associated UGA of 5,900 acres or 9.2 square miles. Wastewater
from within the City is primarily from single-family residential sources, with some minor
commercial and light industrial sources.

Wastewater Collection System
Much of the City’s collection system has been upgraded or constructed within the last
25 years, although a large portion of the system in the central business area and northeast
portion of the City is considerably older (originally constructed in the 1920s). A detailed
description of the City's collection system, its hydraulic capacity and limitation, and
proposed capital improvements plan is presented in the City of Blaine General Sewer Plan
(CH2M HILL, 2004)
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Wastewater Treatment Facility and Outfall
The City’s WWTP is rapidly nearing its capacity. Native American remains discovered at the
west WWTP site during construction of a capacity expansion project in 1999 preclude
expansion of the plant at this location, and storage capacity within the conveyance system is
limited. Faced with a new NPDES permit that includes stringent toxicity testing and plant
capacity assessment, the City must identify a solution for future wastewater treatment while
maintaining compliance with regulations and permit requirements at the existing facility. An
alternatives evaluation process, conducted between May 2003 and April 2004, identified a
number of options for future treatment and selected a preferred alternative with the
assistance of an active Citizens’ Wastewater Advisory Committee (CWAC) made up of
community members, Native American tribal leaders, and key regulatory players.

Existing WWTP Description
The existing treatment processes include preliminary treatment, secondary treatment, dis-
infection, and solids stabilization. Influent pumping (Lift Stations #1 and #4) is located
offsite from the WWTP site. Preliminary treatment includes fine screening and odor control.
Rotating biological contactors (RBCs) and secondary clarifiers provide secondary treatment.
The treated effluent is disinfected with chlorine and discharged through an outfall and
diffuser into the Semiahmoo Bay, which is open to the Strait of Georgia. Solids are stabilized
through aerobic digestion, and the digested solids are transported by truck to Tjoelker Farms
for disposal.

The current NPDES waste discharge permit for the City (Permit No. WA-002264-1) became
effective April 1, 2003, and will expire on June 1, 2007. The permit requires secondary
treatment capable of producing 30 mg/L Biochemical Oxygen Demand (BOD) and 30 mg/L
Total Suspended Solids (TSS) effluent.

Existing Outfall Description
The Blaine WWTP outfall consists of a 24-inch-diameter ductile iron pipe that extends into
Semiahmoo Bay approximately 2,200 feet from the shoreline and terminates at a depth of
about 30 feet below mean lower low water (MLLW). The outfall includes a diffuser, which
consists of six 8-inch-diameter ports.

An outfall inspection was conducted in early 2004 to assess the general condition of the
exposed portions of the pipe and to check for any evidence of damage, leakage, scouring, or
undermining around the outfall pipe and diffuser. During the investigation of the outfall, a
hole was identified approximately 100 feet from the diffuser. The capacity of the outfall is
sufficient to handle future effluent flows for at least 20 years. The City repaired the hole in
the damaged effluent outfall in July 2004, as a condition of its May 5, 2004, settlement to
appeals brought before the Pollution Control Hearing Board.

Summary of Existing Treatment Capacity
The overall capacity of the Blaine WWTP is established by the capacity of the single most
limiting unit process. Capacity may be limited by either treatment of conventional pollutants
(BOD and TSS) or treatment under various hydraulic loading conditions. The existing
WWTP currently has a maximum month process capacity of 0.8 mgd and a peak
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instantaneous hydraulic capacity of 2.4 mgd. However, several process units have treatment
limitations. These limitations will be addressed through interim improvements to allow
treatment to continue until the new facilities are online.

Wastewater Characteristics
This section presents an overview of the wastewater characteristics for the City's existing
wastewater treatment system. The historical wastewater flow and loadings are presented,
along with the projected wastewater flow and loadings for the proposed Lighthouse Point
WRF.

Historical Flows and Loadings
Table ES-1 shows the historical flows and loadings to the existing WWTP.

TABLE ES-1
Blaine Sewage Treatment Plant – Historical Influent Wastewater Flow and Loading Trend

Year

Annual
Average

Flow
(mgd)

Average
Annual TSS

(lbs/day)

Average
Annual BOD5

(lbs/day)

Maximum
Month Flow

(mgd)

Maximum
Month TSS

(lbs/day)

Maximum
Month BOD5

(lbs/day)

2003 0.61 1,011 1,165 0.88 1,153 1,193

2002 0.61 1,193 1,255 0.85 1,026 1,076

2001 0.49 955 972 0.71 799 895

2000 0.50 847 1035 0.68 1,358 1,353

1999 0.44 672 735 0.80 884 940

1998 0.38 631 573 0.72 733 747

1997 0.45 636 600 0.81 655 592

Design Flows and Loadings
Table ES-2 shows the proposed design flows to the proposed Lighthouse Point WRF.
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TABLE ES-2
City of Blaine 2023 Hydraulic Design Criteria

Minimum
Flow
(mgd)

Annual
Average

(mgd)

Maximum
Month
(mgd)

Dry Weather
Peak Hour

(mgd)

Wet Weather
Peak Hour

(mgd)

Central and East Blaine,
and East Blaine UGA

0.31 0.77 1.11 1.39 5.50(1)

West Blaine 0.09 0.23 0.39 0.41 1.64(1)

City of Blaine Total 0.4 1.00 1.5 1.80 7.14
1Central Blaine, East Blaine, and East Blaine UGA wet weather peak hour based on the 2023 baseflow and 25-year storm, 24-hr
duration.

2West Blaine wet weather peak hour flow is an estimated value based on the peaking factor from the Central Blaine, East Blaine,
and East Blaine UGA annual average to wet weather peak hour flow (7.14).

Treatment Process Design Criteria
Historical influent water quality data and the required effluent water quality form the basis
for planning and subsequent design.

Table ES-3 shows the proposed design loading to the proposed Lighthouse Point WRF.

TABLE ES-3
Water Reclamation Facility Design Criteria – Influent Flow and Loadings

Influent Parameter Average Annual Load (1.0-mgd),
lbs/d

Maximum Month Load (1.55-
mgd), lbs/d

BOD5
1. 1,918 (230 mg/L) 2,715 (210 mg/L)

TSS1. 1,768 (212 mg/L) 2,715 (210 mg/L)

VSS2. 1,326 (159 mg/L) 2,055 (159 mg/L)

TKN2. 359 (43 mg/L) 556 (43 mg/L)

NH3
3. 209 (25 mg/L) 323 (25 mg/L)

Alkalinity (as CaCO3)
2 1,668 (200 mg/L) 2,585 (200 mg/L)

Temperature (C)4 13 13

1. Based on Annual Average values, 1998 – 2002; Maximum Month, 1998 – 2002, See Table 5.
2. VSS assumed to be 75 percent of TSS, TKN assumed to be 170 percent of NH3, Alkalinity concentrations for strong and

medium wastewater (Metcalf & Eddy, 1991).
3. Annual Average, 1992-1993 Blaine STP Periodic Influent Sampling = 25 mg/L; Max Month Jan 2003 = 12 mg/L.
4. Temperature is assumed.

The treatment process design criteria are based on the maximum month influent load to the
WWTP. The maximum month value corresponds to the monthly effluent compliance
standard listed in the NPDES permit. Using the maximum month value for the design cri-
teria will statistically result in process reliability 92 percent of the time (WEF, 1998). The
treatment process design capacity for the Lighthouse Point WRF will be 1.55 mgd, which is
the maximum month influent flow associated with the peak hydraulic capacity of 3.1 mgd
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assuming a peaking factor of 2. The peak hydraulic flow of 3.1 mgd was established from the
wet weather storage facility that will be constructed under the Phase I contract.

Treatment Site Evaluation
This section presents an overview of the evaluation process to determine the site of the
proposed Lighthouse Point WRF and a brief summary of the various process components
evaluated for implementation at the proposed Lighthouse Point WRF site.

Evaluation of New WWTP Site / Treatment Alternatives
The evaluation of alternatives for the City’s future wastewater treatment was accomplished
through a structured decision process. The process used a set of decision criteria grouped
under five overall objectives for wastewater treatment. In order to ensure that the final deci-
sion would represent the priorities of the City’s stakeholder groups, the CWAC was formed
to help guide criteria development, alternative screening, and decision-making on the pre-
ferred alternative.

Treatment and Site Alternatives
Thirteen alternatives for the treatment of the City's wastewater were initially developed for
evaluation. A fourteenth alternative was later added during the evaluation process. For each
alternative, a fact sheet was completed to provide sufficient detailed information to allow the
CWAC to rank alternatives against the evaluation criteria.

CWAC Recommendations of Preferred Alternative
Based on the results of the analysis, the CWAC recommended the City Council implement
the proposed conveyance and treatment facilities using a multi-phased approach. The first
phase is to construct new wastewater equalization storage and upgrade the existing LS1 to
address sanitary sewer overflows along Marine Drive. In addition, repairs will be made to
the existing WWTP to improve capacity, including repairs to the headworks treatment and
control structures. The second phase of the project will be the construction of the proposed
Lighthouse Point WRF on Marine Drive to treat flows from Central and East Blaine. The
third phase of the project will involve treating the flows from West Blaine, either via a
regional solution with Birch Bay or at a new satellite plant located in West Blaine.

Treatment Facilities Development and Analysis
The objective of this section was to document and present the preliminary design criteria and
sizing requirements for each treatment configuration alternative evaluated for the proposed
Lighthouse Point WRF. The planning and design parameters summarized in this section
were used to size each alternative.

Process Components Evaluation
The treatment components for the unit processes are listed on Table ES-4.
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Development of Alternatives
A number of treatment configuration alternatives were evaluated for use at the proposed
Lighthouse Point WRF. It was assumed that for the majority of the treatment configuration
alternatives, the City would continue the current practice of contracting their solids
treatment to others. However, the option of including solids treatment at the proposed
Lighthouse Point WRF was included in one of the treatment configuration alternatives.
Table ES-4 lists the treatment configuration alternatives evaluated.

TABLE ES-4
Treatment Configuration Alternatives

Alt.
Preliminary/

Primary Treatment Secondary Treatment
Disinfection
Treatment

Solids
Handling

Solids
Treatment

1 Coarse Screening/Grit
Removal

Conventional Activated
Sludge (CAS)

UV System Thickener No

2 Coarse Screening/Grit
Removal

Conventional Activated
Sludge (CAS)

Liquid Chlor./
Dechlor. System

Thickener No

3 Coarse Screening/Grit
Removal

Batch Reactor (SBR) UV System Thickener No

4 Coarse Screening/Grit
Removal

Batch Reactor (SBR) Liquid Chlor./
Dechlor. System

Thickener No

5 Coarse Screening/Grit
Removal

Extended Aeration (EA) UV System Thickener No

6 Coarse Screening/Grit
Removal

Extended Aeration (EA) Liquid Chlor./
Dechlor. System

Thickener No

7 Fine Screening/Grit Removal Membrane Bioreactor (MBR) UV System Thickener/
Dewatering

Yes

7A Fine Screening/Grit Removal Membrane Bioreactor (MBR) UV System Thickener/
Dewatering

No

8 Fine Screening/Grit Removal Membrane Bioreactor (MBR) Liquid Chlor./
Dechlor. System

Thickener No

9 Fine Screening/Grit Removal Fixed Film (RBC) UV System Thickener No

10 Fine Screening/Grit Removal Fixed Film (RBC) Liquid Chlor./
Dechlor. System

Thickener No

Evaluation of Monetary and Nonmonetary Criteria
As part of the treatment process and conveyance facilities evaluation activities, cost estimates
and analyses for each alternative were developed. Estimates include the construction cost
and annual operations and maintenance costs for each alternative. The alternatives were
ranked and recommendations made for the most cost-effective and appropriate treatment
and conveyance approach, including the costs for the associated mitigation features. It
should be noted that the MBR process provides a higher quality effluent than the other
alternatives and exceeds the NPDES requirements for the City.
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In addition to the monetary analysis, each of the alternatives were scored and ranked based
on their performance against nonmonetary criteria. The nonmonetary criteria are composed
of various features or benefits for the proposed treatment facilities that were identified as of
value to the City. These nonmonetary criteria are an extension of the criteria developed as
part of the public outreach process during the General Sewer Plan development
(CH2M HILL, 2004).

The capital costs and annual costs for the treatment process alternatives were developed us-
ing a combination of the computer programs Pro2D (CH2M HILL Process Design Model)
and CPES (CH2M HILL Parametric Cost Estimating System), along with vendor data, to
determine the conceptual cost opinions. Pro2D assists in determining the size and number of
unit process required at a wastewater treatment facility.

Nonmonetary evaluation included performance criteria such as flexibility, reliability, ease of
maintenance, and ease of operation. Nonmonetary evaluation also included environmental
criteria such as effluent water quality, safety, noise and odor impacts, use of byproducts, and
disposal requirements. Lastly, nonmonetary evaluation included implementation criteria
such as land use compatibility and public acceptance.

A workshop was conducted on October 18, 2004, to review the preliminary cost results and
solicit feedback from members of the Blaine City Council and the CWAC regarding the
weighting of the nonmonetary criteria. The results of the monetary and nonmonetary
analysis are presented on Table ES-5.

TABLE ES-5
Monetary and Nonmonetary Results and Ranking

Alt. Treatment Processes

Capital
Costs
($M)

Capital
Cost

Ranking

Present
Worth
($M)

Present
Worth

Ranking

Non
Monetary

Score Ranking

1 CAS, UV $17.62 5 $36.71 6 31.6 6

2 CAS, Chlorine $17.84 6 $36.25 5 30.0 9

3 SBR, UV $16.37 1 $35.17 2 32.6 4

4 SBR, Chlorine $16.59 3 $34.71 1 31.0 7

5 Extended AB, UV $19.00 9 $38.48 8 32.2 5

6 Extended AB, Chlorine $19.23 10 $38.06 7 30.6 8

7 MBR, UV, Solids Treatment $23.21 11 $52.84 11 39.6 1

7A MBR, UV $18.36 7 $42.98 10 37.1 2

8 MBR, Chlorine $18.51 8 $42.01 9 35.4 3

9 RBC, UV $16.39 2 $35.73 4 29.6 10

10 RBC, Chlorine $16.61 4 $35.27 3 28.0 11
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Based on these results, the City Council directed that further evaluation of Alternatives 3 and
7A be conducted to allow a final selection between the two alternatives. These alternatives
represent the two preferred options for the proposed Lighthouse Point WRF. Blaine City
Council unanimously selected Alternative 7A as the preferred solution for the proposed
Lighthouse Point WRF.

Recommended Plan
Wet weather overflow mitigation is addressed as part of the Phase 1 improvements. The
proposed Lighthouse Point WRF includes the infrastructure to be implemented under the
Phase 2 improvements to provide treatment of the East and Central Blaine flows. The Phase
3 improvements include the facilities to convey or treat the West Blaine flows.

The following is a brief summary of the recommended improvements for the Phase 1 and
Phase 3 facilities. A more detailed summary of the improvements proposed in the Phase 2
facilities is also included in this section.

Phase 1 Capital Improvements
The City currently is experiencing wet weather flow overflows in their sewer collection sys-
tem during significant rainfall events when the capacity of the main trunk line along Marine
Drive is exceeded with a combination of domestic wastewater and stormwater inflow and
infiltration (I/I).

Wet weather storage will be provided under the Phase 1 improvements to accommodate the
storage needs of these peak flows until such time as the peak flows subside and can be con-
veyed through LS1 to the existing WWTP within the capacity of the existing system. An
estimated storage volume of 400,000 gallons is determined to meet the preliminary system
capacity needs.

Phase 1 improvements are described in greater detail in a separate Facility Plan for the wet
weather storage facilities (Lift Station 1 Improvements and Equalization Storage Facility Plan
[TetraTech/KCM, 2005]).

Phase 2 Capital Improvements
This section briefly summarizes the proposed Lighthouse Point WRF site and the proposed
process improvements for the proposed Lighthouse Point WRF.

Treatment Plant Site and Visual Mitigation
The proposed Lighthouse Point WRF site is adjacent to the existing location of LS1 on the
north side of Marine Drive. The Marine Drive corridor is a mix of commercial and industrial
land uses.

The site will require visual mitigation to disguise the treatment facilities from the
surrounding community. The visual mitigation must be consistent with the City’s Master
Plan of the area and promote public use of the adjacent site. The visual mitigation strategy
developed during several design charettes strives to integrate the treatment facility into the
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surrounding marine environment. Public use of the site will be promoted through a scenic
overlook of the beach and Semiahmoo Bay.

Treatment Plant and Conveyance Facilities
The treatment components that have been selected for the proposed Lighthouse Point WRF
include the following unit processes. All treatment processes and support functions for the
proposed facility will be enclosed in a single building, which is referred to as the Facility
Building. The Facility Building will consist of 23,000 square feet of floor space.

 Preliminary/primary treatment using fine screening and grit removal

 Secondary treatment using membrane bioreactor (MBR) technology

 Disinfection using ultraviolet (UV) irradiation

 Solids handling consisting of thickening and storage

 Laboratory, operations/administration space, HVAC/electrical space

 Maintenance Space

The plant conveyance systems that are needed for the proposed Lighthouse Point WRF in-
clude influent and effluent pump stations, with plant yard piping, the existing force main
along Semiahmoo Spit, and an intertie to existing outfall in Semiahmoo Bay.
In addition to treatment and conveyance facilities, the Lighthouse Point WRF will have pro-
visions for significant odor and noise mitigation to ensure that the facilities do not negatively
impact the surrounding community.

Solids Management Plan
The solids management plan for the proposed Lighthouse Point WRF is to contract the
transportation, management, and ultimate disposal of the biosolids to an outside contractor.
The City currently contracts biosolids management at their existing WWTP.

Only solids thickening and storage will be provided at the Lighthouse Point WRF. If the City
decides at some point to provide treatment of biosolids at the Lighthouse Point WRF,
additional facilities would be required to stabilize, dewater, and dispose of the biosolids.

Effluent Disposal and Reuse Potential
The City will continue to use the existing outfall for the Lighthouse Point WRF. The
Department of Health has closed a zone around the City's outfall into Semiahmoo Bay to
shellfish harvest as a precautionary measure. With the proposed Lighthouse Point WRF
discharging high water quality, there may be opportunities in the future to reduce the shell-
fish closure zone associated with the outfall, as well as potential alternative outfall locations
with the reuse quality water produced by the membrane technology used in the Lighthouse
Point WRF.

There are several potential uses for reclaimed water within the City of Blaine, including but
not limited to golf courses on Semiahmoo and light industrial uses.
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Phase 3 Capital Improvements
The Phase 3 improvements will address the wastewater treatment and conveyance needs for
the West Blaine community. Initially, the flows from West Blaine will continue to be treated
by the existing WWTP, which will have sufficient hydraulic and treatment capacity once the
East and Central Blaine flows are being treated through the proposed Lighthouse Point WRF.
There are four potential long-term solutions to treat flows from West Blaine that were
originally considered.

 Convey to Lighthouse Point WRF on Marine Drive (Alternative #1)

 Build new WWTP/WRF located in Semiahmoo (Alternative #2)

 Convey West Blaine flows to existing Birch Bay WWTP (Alternative #3)

 Build new regional WWTP/WRF for West Blaine and North Birch Bay (Alternative #4)

The first three of these alternatives have been considered for further analysis. Alternative #4
would potentially be a variation of Alternative #2 and would require significant coordina-
tion and cooperation from the Birch Bay Water and Sewer District (BBWSD) to determine
flows and loading, which could add several years to the implementation schedule.

A Blaine City Council work session was conducted on November 15, 2004, to review the pre-
liminary results of the evaluation of alternatives to address the West Blaine wastewater
treatment and conveyance needs. The Council tentatively adopted the recommendation to
convey West Blaine flow to the proposed Lighthouse Point WRF under Alternative #1.

Phase 2 Costs and Financing Plan
The preliminary level construction and annual cost estimate was determined for the pro-
posed treatment facilities presented previously. Table ES-6 includes the construction cost, an-
nual cost and the life cycle cost summary for the Lighthouse Point WRF.

TABLE ES-6
Preliminary Cost Estimate

Base Project Costs

Treatment, Conveyance, and Odor Control

Subtotal $7,577,000

Additional Project Costs

Demolition, Sitework, Yard Piping, and Site Electrical

Subtotal $1,041,930

Contractor Markups

Overhead and Profit, Mob/Bonds/Insurance, and Contingency

Subtotal $3,924,199

Additional Construction Costs

Pile Foundations, Shoring and Dewatering Conditions $650,000

Building and Architectural Aesthetics $2,530,000

Subtotal $3,180,000

Total Construction Cost

Location Adjustment Factor $188,147
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TABLE ES-6
Preliminary Cost Estimate

Escalation (Mid-Point Constr.) and Location Adjustment Factor $1,077,455

WA Sales Tax $1,376,087

Total Construction Costs $18,364,818

Estimated Life Cycle Costs

Total Project Cost $18,364,818

Est. Annual O&M $965,600

Est. Life Cycle Total $40,235,661

1. The costs are based on the January 2004 index

2. Interest Rate = 3.5%, Inflation Rate = 2.5%, Life Cycle = 25 years
3. MBR – Membrane Bioreactor, UV – Ultraviolet Disinfection

Rate Impacts
The rate impact analysis was developed to project annual revenue needs and determine the
levels of rate increases needed to support those needs. The increases that are initially
projected are then smoothed to provide orderly and predictable annual rate increases.

Prior to January 2005, the sewer rates had not been increased since January 2000. Between
July 1996 and January 2000, the sewer rates were increased five separate times, for a total
increase of 22 percent over that period. The rates were increased in January 2005 to $49.90 for
the flat residential rate, which is a 25 percent increase. The commercial rates were also
increased by 25 percent. This is the first of a series of rate increases designed to help the City
keep up with operational expenses and fund the additional debt service they will incur for
the CIP. There is a substantial rate increase projected over the next 5 years. In addition, the
significant rate increase was warranted for 2005 was warranted because the current rates
were not sufficient to meet current expenses plus debt service.
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CHAPTER 1 

Introduction 

The City of Blaine, Washington (City) is in the planning process of implementing their new 
water reclamation facilities to address the growing need for wastewater treatment and en-
hancing water quality in their marine environment. The new Lighthouse Point Water Recla-
mation Facility (WRF) will be constructed on a site along the Marine Drive corridor. This 
corridor is a key focal point for the City, as it is the first visible landmark viewed by visitors 
traveling south into the U.S. The proposed Lighthouse Point WRF will not only be required 
to meet the growth and treatment needs of the City, but it must also enhance the 
redevelopment of the area as envisioned in the community development master plan. 

This Facility Plan is intended to provide the City with a planning document for the new 
treatment facilities that will summarize the preliminary service requirements, process 
evaluation, cost analysis, and design criteria. 

This Facility Plan has been prepared in accordance with the requirements of Washington 
Administration Code (wac) 173-240-060, which is administered by the Washington State 
Department of Ecology (Ecology). Further information on the requirements of WAC 173-240-
060 and other applicable regulations is provided in Section 1.2 below. 

1.1 Background and Goals 
The City owns and operates all components and facilities of the wastewater collection 
and treatment system. The City's system consists of a secondary wastewater treatment 
plant (WWTP), gravity sewer lines, force mains, and 10 pump stations. 

1.1.1 History of the Planning Process 
The City’s existing WWTP began operation in 1980. Following adoption of the 1994 General 
Sewer Plan, the City of Blaine Wastewater Facilities Engineering Report (Brown & Caldwell, 
1994) recommended construction of a new WWTP on the City’s existing WWTP site to 
address significant anticipated growth in population and wastewater flows. The report 
identified several archeological issues on the existing site but concluded that no other site 
was feasible. Ecology reviewed the report and requested clarification of some issues. The 
clarifications were provided by the Wastewater Treatment Plant Upgrade and Expansion 
Predesign Report (KCM, 1997). Together, these two documents were approved by Ecology in 
February 1998 as an engineering report for the WWTP upgrade. 

Design documents for the WWTP upgrade and expansion were completed in 1999, Ecology 
approved them, and construction began in spring 1999. Problems began when site 
excavation encountered human remains in July 1999. This led to protests from the Lummi 
Indian Nation, shutdown of the project in August 1999, and contract termination in March 
2000. As a result of its archaeological characteristics, the existing WWTP site on Semiahmoo 
Spit is no longer considered a feasible long-term WWTP site. The City entered into an 
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agreement with the Lummi Nation to abandon the site and remove all unnecessary WWTP 
facilities.  

In the aftermath of the expansion project’s termination, the City evaluated alternatives for 
addressing capacity limitations and regulatory requirements. In 2000, the City conducted an 
analysis of the existing capacity at the WWTP and made recommendations to improve the 
capacity in the interim planning period. In May 2000, the City submitted the Amendment to 
Wastewater Facilities Engineering Report & Wastewater Treatment Plant Upgrade and Expansion 
Predesign Report (Tetra Tech/KCM, 2000), conditionally approved by Ecology on May 31, 
2000. In 2000 and 2001, the City identified several options for future wastewater treatment 
and concluded that the best solution was to convey the City’s wastewater flows to the Birch 
Bay Water and Sewer District’s WWTP near Point Whitehorn. Despite a number of regional 
benefits, however, the project was not successful in attracting funding. 

In the meantime, wastewater flows have continued to grow. To address capacity and treat-
ment limitations at the existing WWTP, a solution for future treatment needed to be found 
and implemented as soon as possible and compliance with regulations and permit 
requirements maintained until the new solution was in place. Public scrutiny of wastewater 
issues in the City has been high. Water quality is a key concern of the community, especially 
since the closure of Drayton Harbor to shellfish harvest due to fecal coliform contamination. 
There are many contributors to water quality issues in the harbor, however, as a point 
source, municipal wastewater discharges are often singled out in the public perception of 
coliform contamination.  

Potential sewage overflows from Lift Station No. 1 (LS1), which handles all flows from East 
and Central Blaine has also been a contributing factor to water quality degradation. In 2000, 
the City provided temporary storage for wastewater peak flows with rubber bladders 
installed near this lift station, and performed cleaning, inspection, and modest rehabilitation 
of the facility. These temporary improvements have prevented several wet-weather 
overflows, but they are insufficient to guarantee that there will be no future overflows. The 
City determined that the preferred long-term solution to eliminate the overflows at LS1 
would require providing storage to hold peak flows during heavy rainfall, then releasing 
them to be pumped to the WWTP after peak flows decrease. This solution was described in 
the City of Blaine Lift Station No. 1 and Marine Drive Headworks Facility Plan (TetraTech/KCM, 
2002). 

Because of the financial impact of constructing new WWTP and wet weather overflow 
protection facilities, plus the difficulty of financing these improvements solely through rate 
increases, the City is seeking multiple sources of funding. In order to qualify for funding, the 
proposed improvements must be included in a comprehensive wastewater facility plan that 
provides reliable estimates of population growth, wastewater flows, and loads over a 
defined planning horizon. A General Sewer Plan was prepared and submitted to Ecology in 
2004, which laid the foundation for development of new treatment and conveyance facilities. 
Ecology approved the planning document in late 2004 and the City moved forward with 
implementing a multi-phased approach to addressing their treatment and sewage overflow 
issues. 

A Facility Plan, followed by design documents for the wet weather overflow protection 
facilities, is currently being prepared for the Phase 1 improvements. This Facility Plan is 
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being prepared to address the WWTP facilities required at the new Marine Drive site. These 
proposed facilities have been designated as the proposed Lighthouse Point WRF. 

1.1.2 Facility Plan Goals 
The primary purpose of this Facility Plan is to serve as a detailed planning document that 
City staff can use to implement required improvements to address identified capacity, treat-
ment, and operation and maintenance needs over the next 20 years at the proposed Light-
house Point WRF. Specific goals of this Facility Plan include: 

• Comply with the requirements of WAC Chapter 173-240-060 

• Prepare the plan to be consistent with all other applicable Federal, State, and local regula-
tions, policies, and planning requirements 

• Identify the sizing and design criteria for the proposed facilities 

• Identify budgetary-level construction costs for proposed WWTP facilities 

• Develop a financing plan for the recommended improvements and assess potential im-
pacts on proposed utility rates 

Studies leading to the preparation of this Facility Plan included: 
• City of Blaine General Sewer Plan (CH2M HILL, 2004) 

• City of Blaine Lift Station No. 1 and Marine Drive Headworks Facility Plan (TetraTech/KCM, 
2002) 

• Amendment to Wastewater Facilities Engineering Report & Wastewater Treatment Plant Up-
grade and Expansion Predesign Report (Tetra Tech/KCM, 2000) 

• Wastewater Treatment Plant Upgrade and Expansion Predesign Report (KCM, 1997) 

• City of Blaine Wastewater Facilities Engineering Report (Brown & Caldwell, 1994) 

1.2 Regulatory Requirements 
Implementation of treatment and conveyance facilities must address the regulations and 
requirements of many Federal, State, and local regulatory agencies. This section briefly 
summarizes applicable rules and regulations for this Facility Plan. 

1.2.1 Federal Regulations 
Environmental Regulations 
Key Federal environmental regulations pertinent to this Facility Plan are as follows: 

• Endangered Species Act (ESA)—Projects that use Federal funding or need to obtain 
Federal permits must comply with the requirements of the ESA. The ESA provides 
protection against “take” (defined as killing, harming, harassing, or altering habitat) of 
federally listed endangered species. Projects that involve potential taking of listed species 
must consult with the National Marine Fisheries Service and/or the U.S. Fish and 
Wildlife Service to determine appropriate measures to avoid, minimize, and/or mitigate 
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impacts to these species. The City sewer service area includes habitat for a number of 
listed aquatic and terrestrial species. 

• Magnuson-Stevens Fishery Conservation and Management Act—The National Marine 
Fisheries Service (NMFS) issued interim final regulations in December 1998 to implement 
the essential fish habitat (EFH) requirements of the 1996 Sustainable Fisheries Act, which 
had significantly amended the 1976 Magnuson-Stevens Fishery Conservation and 
Management Act. 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. The Magnuson-Stevens Act 
required Federal agencies to provide NMFS with a written assessment of the effects on 
EFH of any Federal action that may adversely affect EFH, except activities covered by a 
general concurrence. 

• Coastal Zone Management Act—The Coastal Zone Management (CZM) Act requires that 
all Federal activities be consistent with approved State coastal zone management 
programs to the maximum extent possible. 

• 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. Local air pollution 
control agencies must be notified if a building is being renovated or demolished, and an 
asbestos survey is required. WWTP facilities are considered sources of air emissions 
under the Clean Air Act. 

• National Environmental Policy Act—The National Environmental Policy Act (NEPA) 
applies primarily to projects receiving Federal funding. Its primary goal is to help public 
officials make decisions based on an understanding of the environmental consequences 
and to take actions that protect, restore, and enhance the environment. To accomplish 
this, NEPA requires Federal agencies to either prepare or have prepared written assess-
ments or statements that describe the affected environmental consequences of a proposed 
project, reasonable or practicable alternatives to the proposed project, and any mitigation 
measures necessary to avoid or minimize adverse environmental effects. 

In accordance with NEPA, the Council on Environmental Quality has issued regulations 
(40 Code of Federal Regulations (CFR) 1500-1508) establishing a standard Federal en-
vironmental review process. This process includes three levels of environmental review 
including a categorical exclusion, an environmental assessment, or an environmental im-
pact statement (EIS). 

Washington State has adopted laws similar to those of NEPA, which are known as the 
State Environmental Policy Act (SEPA). SEPA is discussed under the “State Regulations” 
heading below. 

• National Historic Preservation Act—This Act applies to all projects that receive funding 
from the U.S. Environmental Protection Agency (EPA), including pass-through funding 
to State water quality agencies. Designed to protect historic, cultural, and archaeological 
resources from damage or destruction, it requires that agencies undertaking projects 
consult with the State Historic Preservation Officer (SHPO) and local Native American 
Tribes. In areas with a high likelihood of subsurface artifacts or other cultural resources, 
major capital projects involving earth disturbance typically must undertake a program of 
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archaeological exploration to determine whether such resources are present. If resources 
are encountered during these investigations or during project construction, they must be 
evaluated, and a plan must be developed in conjunction with the SHPO and the affected 
Tribe(s) for preservation, removal, or recording of the site and artifacts. 

Public Participation 
Federal requirements for sewer or facility plans call for public meetings prior to adoption of 
the plan. These meetings provide citizens with information about the contents of the facility 
plan and an opportunity to ask questions and provide comments and statements regarding 
the plan.  

1.2.2 State Regulations 
National Pollutant Discharge Elimination System Program 
The State of Washington administers Federal wastewater effluent limitations through the 
National Pollutant Discharge Elimination System (NPDES) program. All wastewater dis-
charges into the waters of the State must be permitted through Ecology with an NPDES 
permit. This permit establishes the allowable quantity of discharge from a given WWTP as 
well as the allowable levels of pollutants in that discharge.  

Criteria for Sewage Works Design and Reliability Requirements 
The Ecology-developed Criteria for Sewage Works Design (Ecology, 1998), also known as the 
Orange Book, is a guide for design of wastewater collection and treatment systems. The pri-
mary goals of the manual are as follows: 

• Ensure that the design of wastewater collection and treatment systems is consistent with 
State public health and water quality objectives  

• Establish a basis for the design and review of plans and specifications for wastewater 
treatment works and sewerage systems 

• Establish the minimum requirements and limiting factors for review of wastewater 
treatment works and sewerage system plans and specifications 

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

• Guide departments in their determination of whether to issue approvals, permits, or 
certificates for wastewater treatment works or sewer system 

Ecology uses the Orange Book design guidelines to review and approve reports, plans, and 
specifications. Design criteria presented in Chapter 6 of this plan are generally based upon 
those in the Orange Book. Areas where the City’s design guidelines differ from Ecology’s are 
noted in the text. 

State Environmental Policy Act 
The SEPA, like NEPA, requires agencies proposing actions that may affect the environment 
to weigh the environmental impacts of those actions, along with other decision making 
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factors. SEPA applies to most actions undertaken by the Blaine Public Works Department, 
including the implementation of the WRF. 

SEPA includes three possible levels of review:  

• Categorical exemption (reserved for agency actions that are considered to have negligible 
environmental impact)  

• Environmental checklist (generally used for projects that do not qualify for a categorical 
exclusion but are not expected to have significant impacts; also used to determine 
whether impacts are significant enough to warrant additional review) 

• EIS (required when a project is determined likely to have significant impacts on the 
natural or built environment) 

This Facility Plan is considered a “non-project” agency action and, as such, is subject to SEPA 
review. A SEPA environmental checklist for the plant is included in Appendix A. 

State Environmental Review Process (SERP) 
A Memorandum of Understanding has been established between Federal and State agencies 
to implement a single environmental review process for utility projects receiving Federal or 
Federal pass-through funding. This review process, designed to meet the requirements of 
both NEPA and SEPA, is called the State Environmental Review Process (SERP, WAC 173-
98-100). 

The review process is initiated by preparing an Environmental Report (ER) that follows the 
guidelines of Rural Utility Service (RUS) Bulletin 1794A-602. The report accomplishes the 
following: 

• Establishes the purpose and need for the project 

• Presents alternatives to the proposed project 

• Evaluates the environmental effects of the proposed project and the alternatives 
considered 

• Assesses the significance of those environmental effects 

• Specifies mitigation measures where necessary 

As part of the evaluation of environmental effects, project applicants must consult with ap-
propriate regulatory agencies to identify environmental resources in affected areas and to 
review any conclusions drawn from an analysis of the proposed project’s potential effect to 
these resources. 

State Waste Discharge Permit 
State law requires a State waste discharge permit for commercial, municipal, and industrial 
discharges to a WWTP or onsite disposal system or to groundwater or surface waters of the 
State. 
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Washington State Energy Code 
The Washington State Energy Code establishes energy-efficiency requirements for new 
structures. 

1.2.3 Local Regulations and Policies 
City of Blaine  
Regulations related to sewer service and capital project development within the City include: 

• Blaine Municipal Code (BMC) Chapter 13.08, Sewer System 

• BMC Chapter 13.12, Street Drainage, Water, Sewer, and Electric Improvements—Assess-
ment Reimbursement Contracts 

• BMC Chapter 13.14, Utility Service Assessments, Rates, and Charges 

• BMC Chapter 16.04, SEPA Guidelines 

• BMC Chapter 16.08, Shoreline Management Master Program 

• BMC Chapter 16.12, Natural Resource Lands and Critical Areas Management  

• BMC Chapter 16.16, Wetland Management 

• BMC Chapter 16.18, Clearing, Grading, and Fill 

Whatcom County Solid Waste Policies 
Ecology establishes regulations to enforce State laws addressing permit applications, moni-
toring, and siting criteria for management of solid waste and sludge. In Whatcom County, 
the Whatcom County Health Department administers these permitting processes as part of 
its solid waste planning effort. 

Northwest Air Pollution Authority 
The Northwest Air Pollution Authority regulates construction and modification of potential 
air contaminant sources, such as odor scrubbing facilities. The Authority must be notified of 
construction projects to evaluate whether a permit is required. The formal notification is 
called a “notice of construction and application for approval to construct, install, establish, or 
modify an air contaminant source,” but is commonly referred to as a Notice of Construction 
(NOC) permit. 

1.3 Organization and Contents 
This section provides a brief summary of the contents of each chapter of this Facility Plan. 

Chapter 2, Service Area and Vicinity Characteristics. Defines the existing sewer service 
boundary and topographic features. Notes land use, as well as basins from interagency 
agreements or redevelopment. 

Chapter 3, Existing Wastewater Facilities. Presents an overview of the City's existing 
wastewater collection system and treatment facilities. 
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Chapter 4, Wastewater Characteristics. This chapter presents an overview of the wastewater 
characteristics for the City's existing wastewater treatment system. The historical wastewater 
flow and loadings are presented, along with the projected wastewater flow and loadings for 
the proposed Lighthouse Point WRF. 

Chapter 5, Treatment Facilities Development and Analysis. This chapter presents the 
evaluation of the process components utilized within wastewater treatment facilities, 
including the advantages and disadvantages, and expected performance and reliability. 

Also included in this chapter is the development and analysis of treatment facility 
alternatives for the proposed Lighthouse Point WRF, including treatment requirements and 
alternatives evaluation, and the associated conveyance and mitigation requirements. 

Chapter 6, Evaluation of Monetary and Nonmonetary Criteria. Document the results of the 
cost estimating and life-cycle cost analysis performed for each of the treatment configuration 
alternatives evaluated for the proposed Lighthouse Point WRF. In addition, this chapter 
presents the evaluation of nonmonetary criteria and ranks the treatment configuration 
alternatives. 

Chapter 7, Recommended Plan. Briefly describes the recommended improvements pro-
posed that address the wet weather overflow needs as part of the Phase 1 improvements.  
Also describes the proposed Lighthouse Point WRF infrastructure to be implemented under 
the Phase 2 improvements to provide treatment of the East and Central Blaine flows.  The 
Phase 3 improvements briefly describing the facilities to convey or treat the West Blaine 
flows are included. 

Chapter 8, Program Financing. This chapter presents the estimated capital and annual 
operation and maintenance (O&M) costs of the recommended alternative for the City’s 
proposed Lighthouse Point WRF. This chapter also discusses the rate impacts, including 
outside financial assistance programs, required to support the financing plan and ongoing 
operational costs. Available outside financial assistance programs are also discussed. 

Chapter 9, Environmental Documents and Agency Review. This chapter presents the 
necessary permits, agency approvals, environmental documents, and timelines to ensure 
construction of the proposed Lighthouse Point WRF will be implemented as anticipated. The 
information presented in this chapter is based on the assumption that both State and Federal 
funding sources will be used to finance the design and construction of the proposed 
Lighthouse Point WRF. 

In addition, Appendix A provides a quick reference of EPA requirements to their relevant 
sections of this Plan. 

1.4 References 
Following is a list of literature cited in this Facility Plan: 

Birch Bay Water and Sewer District Records. 1999  

Brown & Caldwell. 1994. City of Blaine Wastewater Facilities Engineering Report. 1994. 
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CHAPTER 2

Service Area and Vicinity Characteristics

The City of Blaine, Washington, is located in the northwestern part of Washington State,
approximately 19 miles north of Bellingham, and less than 2 hours from Seattle. The City is
on the border between the U.S. and Canada on the north/south Interstate 5 (I-5) corridor
in Washington. Drayton Harbor divides the City into two parts, with Semiahmoo Spit
and much of Birch Point lying west of Drayton Harbor. The remaining portion of the
City is east of Drayton Harbor and includes about 2 square miles of business and residential
area. Blaine's population is approximately 3,956 within the City limits (Sehome, 2003).

Vancouver, British Columbia, is approximately 34 miles north of the City. The rapid growth
of Vancouver, the Municipality of Surrey (a Vancouver suburb), and the surrounding area
into a metropolitan, industrial, and urban center has affected the entire area, including the
City. South of the City is the resort community of Birch Bay. This area has experienced
considerable growth over the last 20 years, and growth pressures are expected to
continue. Figure 2-1 provides a graphic description of Blaine's general location. This
figure also shows other wastewater treatment facilities in the area.

The City is responsible for the collection and treatment of wastewater within its service area.
The boundaries of the service area for the City are shown in Figure 2-2. Wastewater from
within the City is primarily from single-family residential sources, with some minor com-
mercial and light industrial sources. The collection system consists of gravity sewers, force
mains, and 10 lift stations. The existing sewer system is described briefly in Chapter 3 and in
more detail in the General Sewer Plan (CH2M HILL, 2004).

2.1 Land Use, Zoning, and Development Patterns

2.1.1 Land Use
The City’s Urban Growth Area (UGA) and zoning is shown in Figure 2-3. It includes ap-
proximately 5,900 acres or 9.2 square miles, of which approximately 3,500 acres (5.5 square
miles) are currently within the City limits. For analysis of existing and future land use, the
City has divided the UGA into smaller planning units, which are briefly described on
Table 2-1. Detailed descriptions of the land use areas can be found in the General Sewer Plan
(CH2M HILL, 2004).

2.1.2 Zoning
Within the City, there are 2,773 acres zoned for residential use, including 2,333 zoned for
low-density residential use (up to six units per acre); 420 acres for medium-density
residential use (up to 12 units per acre), and 20 acres for high-density residential use (more
than 12 units per acre). This comprises 79 percent of the total land within the City limits.
Whatcom County currently zones the UGA outside the City limits for low-density residential
use, with densities ranging from four units per acre to one residence per 5 to 10 acres.
Table 2-2 provides a summary of acreage and allowable density for zoning categories within
the City.
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TABLE 2-1
Land Use

Area Land Use Acreage

Central Blaine Residential/Commercial/Manufacturing

Semiahmoo Residential/Resort

East Blaine Residential 1,180

East Blaine UGA Residential/Manufacturing 1,000

Loomis UGA Residential/Resort/Manufacturing 750

South Drayton Harbor UGA Residential 1,150

West Semiahmoo UGA Residential/Resort 825

Source: City of Blaine General Sewer Plan, 2004

TABLE 2-2
Acreage and Allowable Uses by Zoning Category

Zone Name Allowable Uses/Max Density
Total
Acres

Percent of
City

R Rural Single-family residential; 12,000 sq. ft. lots up to 3 per acre 14 0.4

PR Planned Residential 4 units per acre residential by planned unit development
(PUD), neighborhood commercial

1,182 33.7

RPR Residential Planned
Recreation

Planned residential development, recreation (density per
Semiahmoo Master Plan)

918 26.3

RL Residential Low Density Single-family residential; 7,200 sq. ft. lots up to 6 per acre 219 6.3

SDR Single/Duplex Residential Single-family residence, duplex; 6,000 sq. ft. lots up to 12
per acre

120 3.4

RM Residential Medium
Density

Single-family and multi-family residential; 6,000 sq. ft. lots
up to 12 per acre

300 8.6

RH Residential High Density Single-family and multi-family residential; up to 18 units per
acre (24 by conditional use permit)

20 0.6

R/O Residential Office Multi-family residential up to 18 units per acre (24 by con-
ditional use permit); non-retail office

42 1.2

PC Planned Commercial Commercial; residential PUDs (up to 18 units per acre) 66 1.9

CB Central Business Retail sales and services; residential above first floor 69 2.1

HC Highway Commercial Retail sales and services; residential by conditional use
permit

115 3.3

M Manufacturing Manufacturing, retail sales; residential by conditional use
permit

338 9.6

MPR Marine Planned
Recreation

Mixed commercial, residential emphasizing tourism,
recreation

57 6.6

MC Marine Commercial Marine-related commercial and industrial uses 50 1.4

Total acres in City 3,510 100%

Source: City of Blaine Comprehensive Plan, 1999
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Land zoned for manufacturing encompasses 388 acres, or 11 percent of land within the City;
included in this category is the Marine Commercial zone, which includes approximately
50 acres along Marine Drive. Commercial land includes 349 acres, or 10 percent, of the City’s
land. Included in the commercial zoning category is the Central Business zone, the Highway
Commercial zone, the Planned Commercial zone, the R/O zone in Central Blaine, and the
Marine Planned Recreation Zone located at the tip of Semiahmoo Spit.

2.1.3 Development Patterns
In recent years, the Central Blaine planning area has accounted for approximately 25 percent
of overall growth within the City and UGA; growth rates have averaged just over 1 percent
per year. The Semiahmoo area has been the fastest-growing area of the City, with growth
approximating 10 percent annually. The East Blaine area within the City limits has been
growing very slowly, especially in areas not served by public utilities. In general, growth
within the unincorporated UGA has been slow, due in large part to the lack of urban
services.

In the future, development patterns in Blaine are expected to change to some degree as infill
reduces the available land in Central Blaine and the City extends urban services to areas
where they are currently lacking.

2.2 Sewer Service Area and Relationship with Adjacent Sewer
Providers

2.2.1 Sewer Service Area
The City is responsible for the collection and treatment of wastewater within its service area.
Wastewater from within the service area is currently conveyed to the existing Blaine waste-
water treatment facility for secondary treatment and discharge into Semiahmoo Bay. The
area currently served by the City's sewer system is shown in Figure 2-2. The system serves
the entire area within the City limits, including the Semiahmoo development on the west,
and Central Blaine on the east. Areas of the City not connected to the system include land
uses such as the airport runway, which do not require sewer service, and some homes using
septic tanks.

The City’s future wastewater service area includes several areas outside the current City
limits but in the UGA. The City’s goal is for all future development within these areas to be
connected to the sewer system, including existing development that is currently using septic
systems. These areas include East Blaine, the East Blaine UGA, and the West Semiahmoo
UGA. However, the City has not yet determined exactly how the sewer system will be
implemented for the East Blaine UGA and West Semiahmoo UGA. Land use designations in
this area are primarily for single-family residential development with supporting commer-
cial uses.

A portion of the Blaine UGA (the South Drayton Harbor UGA) is served by the Birch Bay
Water and Sewer District. The District plans to provide wastewater service to southern por-
tions of the UGA outside the City’s current service area, including the South Drayton Harbor
area (see Figure 2-2).
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2.2.2 Interagency Agreements
Interagency agreements serve as legal documentation for the conveyance of wastewater gen-
erated within one agency to the facilities in another agency. The City currently has no inter-
agency agreements with either Birch Bay Water and Sewer District (the adjacent sewer pro-
vider on the south) or the City of Surrey, British Columbia (the adjacent sewer provider on
the north). No other sewer service providers have service areas contiguous with the City.

2.3 Surrounding Vicinity Characteristics

2.3.1 Topography
The area within and surrounding the City can be characterized as gently rolling terrain.
Although some areas of the eastern portion of the City exceed 200 feet in elevation, most of
the eastern portion of the City lies below 100 feet in elevation and slopes gradually to
Drayton Harbor. On the west, the terrain varies from the sea level elevation of Semiahmoo
Spit up the steep bluffs of Birch Point to a maximum elevation of 268 feet. Most of the land
on Birch Point is between 100 and 200 feet in elevation.

2.3.2 Critical Areas
The identification and protection of critical areas is a key goal of the Growth Management
Act (GMA). Critical areas are defined by the GMA as wetlands, frequently flooded areas,
aquifer recharge areas, geologically hazardous areas, and fish and wildlife habitat
conservation areas. Under the GMA, special consideration must be given to these designated
areas. The City’s Shoreline Management Master Program and development regulations have
been updated to provide additional protection to these areas.

In 1992, the City adopted its Wetland Protection Ordinance (codified as BMC Chapter 16.16,
Wetland Management). Wetland areas are classified according to their wetland functions
and values, with Category 1 being the most valuable and Category 3 the least valuable. Ap-
proximately 10 percent of the land within City, and approximately 20 percent of land within
the Blaine UGA, is classified as wetlands or buffer areas.

Other critical areas and natural resource lands within the service area are regulated by the
City’s Natural Resource Lands and Critical Areas Management regulations (Chapter 16.12
BMC).

The City’s critical areas regulations govern activities within the critical areas located within
the City. However, the most important natural resource and critical areas within the UGA
are located outside the City limits in unincorporated Whatcom County. The County’s critical
area regulations are contained in Chapter 16.16 of the Whatcom County Code.

2.3.3 Geology and Soils
The City's geology, like much of the Puget Sound region, was affected by the last advance
and retreat of Ice Age glaciers. The City was once the delta and outlet for the Nooksack
River, but a deep ice barrier forced the Nooksack to the south. Weather and tides have
changed the shape of once open and exposed Drayton Harbor by eroding the steep bluffs of
Birch Point and depositing the material to the north to form Semiahmoo Spit.
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Soils in the area are generally stratified sand and gravel of varying thickness. Gravel and
sandy loam soils in the uplands provide good drainage; silt and silty clay in lower areas have
poor drainage characteristics. Where drainage is poor, groundwater does not drain away
from sewers and is more likely to enter the collection system as infiltration. Groundwater in
such areas rises to within a few feet of the ground surface, making it susceptible to contami-
nation from septic tank systems. The City uses groundwater for its water supply, so pro-
tecting it by providing a wastewater collection system is an important community benefit.

2.3.4 Climate
The City area enjoys a mild maritime climate. Occasionally, the area experiences brief peri-
ods of extremely cold weather, which results from northeasterly winds blowing off the
Canadian Plains.

Historical climatological data for the City area is shown on Table 2-3. The monthly
temperature ranges from an average low of 43 degrees Fahrenheit to an average high of
60 degrees Fahrenheit. Monthly precipitation ranges from an average minimum of
1.35 inches in July to an average maximum of 5.97 inches in November. Almost three-
quarters of the yearly total of approximately 36 inches falls as rain from October through
April.

TABLE 2-3
Climatological Data

Month

Mean Temperature (degrees F) Mean Precipitation
(inches)High Low

January 45 33 4.34

February 50 35 3.33

March 55 38 2.98

April 60 41 2.80

May 67 46 2.46

June 72 51 1.92

July 76 54 1.35

August 75 54 1.54

September 69 49 1.92

October 60 42 3.43

November 50 37 6.03

December 44 32 4.45

Annual Average 60 43 36.52

Source: Birch Bay Water and Sewer District records, 1999

2.3.5 Water Resources
Significant water bodies in the City and the Blaine UGA include Drayton Harbor,
Semiahmoo Bay, Dakota Creek, and California Creek.
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2.3.6 Water Supply
The City owns and operates a municipal water system that provides domestic, commercial,
industrial, and irrigation water to retail customers within the City and the greater City area.
The system also provides surplus water on a wholesale contract basis to the Birch Bay Water
and Sewer District and the Bell Bay Jackson Water Association.

The source of supply for the water system is a 30-square-mile groundwater aquifer system
located in the Dakota Creek watershed, east of the City. The City currently obtains water
from eight wells, with a total installed pumping capacity of 2,229 gallons per minute
(3.2 million gallons per day, or mgd). Two additional wells on Boblett Street could supply an
additional 650 gallons per minute, or 1 mgd, if Ecology approves of pending water rights
applications. These wells are not currently in use.

Historically, the aquifer in which the City has developed its wells has produced water that
meets drinking water quality standards, with the exception of one emergency backup well
that has an iron/manganese and odor problem. However, the development of additional
septic tanks within the aquifer recharge area, additional private wells in the aquifer, or the
development of incompatible land uses could cause water quality to deteriorate. The City
has drafted both a Groundwater Management Plan (1995) and a Wellhead Protection Plan
(1996) that identify aquifer recharge areas and address water quality issues. The UGA was
drawn to include the majority of the water resource area, although portions of the recharge
area extend beyond the UGA.
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CHAPTER 3

Existing Wastewater Facilities

This chapter presents an overview of the City's existing wastewater collection system and
treatment facilities. A detailed analysis of the collection system hydraulic performance and
condition assessment is presented in the General Sewer Plan (CH2M HILL, 2004).

3.1 Existing Collection System Description
The City's collection system currently covers a service area defined by the City limits.
Wastewater from within the City is primarily from single-family residential sources, with
some minor commercial and light industrial sources. The collection system consists of
gravity sewers, force mains, and 10 lift stations.

Much of the City’s collection system has been upgraded or constructed within the last
25 years, although a large portion of the system in the central business area and northeast
portion of the City is considerably older. The oldest sewer lines in Central Blaine were
originally constructed in the 1920s. A majority of these older lines have subsequently been
replaced as the system was expanded from the 1950s through the 1990s. The sewers in West
Blaine were constructed after 1985 and the newest sewers in Central Blaine, serving the area
south of Georgia Street, were constructed after 1990.

The City completed a major sewer rehabilitation project in 1992, replacing and rehabilitating
sewers and service connections and installing new storm sewers. To reduce
infiltration/inflow (I/I) in the sanitary collection system, roof drains, foundation drains, and
storm sewer catch basins were disconnected from the sanitary collection system and
reconnected to the new storm collection system.

Since the major sewer rehabilitation in 1992, the City has completed numerous collection
system improvements to identify and reduce the occurrence of I/I in the system. Also in-
cluded were wet weather mitigation facilities and ongoing replacement of aged pipelines.

3.1.1 Sewer Lines
Sewer pipes in the collection system range from 4 to 21 inches in diameter and totals close to
40 miles in length. The gravity sewer lines in Central Blaine generally convey flow north
and west, following topography. All the wastewater from Central Blaine is collected at LS1
and pumped across the mouth of the harbor to the WWTP on Semiahmoo Spit. Gravity
sewers in West Blaine convey flow generally to the north, terminating in a 15-inch gravity
discharge at the WWTP. Detailed information of the sewer collection system, including its
hydraulic performance and physical condition, can be found in the General Sewer Plan.

3.1.2 Lift Stations
The City has 10 lift stations (LS) in the collection system. Each station has a duplex pump
system that range in capacity from 80 gpm to 1,750 gpm. All of the stations have high-level
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alarms; two of the stations (LS1 and LS9) have radio telemetry that relays the alarms to a
central location. City staff monitor wet well levels in the other lift stations by directly ac-
cessing the wet well and taking manual readings. Emergency power generators are installed
for Lift Stations 1, 3, and 4. A portable City generator is available to provide standby power
for the other stations. Detailed information of the sewer lift stations, including its hydraulic
performance and physical condition, can be found in the General Sewer Plan.

3.1.3 Onsite Wastewater Disposal Systems
Onsite wastewater disposal systems (commonly known as septic systems) are used in por-
tions of the City service area that are outside the existing sewer collection system. The ex-
isting collection system covers Central Blaine from the Canadian border south to Dakota
Creek and from the Puget Sound shoreline east to approximately Odell Road. In West
Blaine, sewers serve most of the Semiahmoo residential development area. Residences in
East Blaine to the east of 16th Street and in the East Blaine UGA east of Odell Road use
onsite disposal systems, as do residences within the service area south of Dakota Creek.

Consistent with the requirements of the GMA, the City plans to extend sewer service to
these areas over time in order to improve water quality and facilitate development to urban
densities. For the East Blaine UGA, new sewers are not currently included in the City’s
capital improvement project (CIP), as they would be performed as development projects
occur and most likely funded by the specific developer.

3.2 Existing Wastewater Treatment Description
The City’s existing WWTP is rapidly nearing its capacity. Native American remains
discovered at the WWTP site during construction of a capacity expansion project in 1999
preclude expansion of the WWTP at this location, and storage capacity within the
conveyance system is limited. Faced with treatment limitations on their existing WWTP, the
City needed to identify a solution for future wastewater treatment while maintaining
compliance with regulations and permit requirements at the existing WWTP. An
alternatives evaluation process, conducted between May 2003 and April 2004, identified a
number of options for future treatment and selected a preferred alternative with the
assistance of an active Citizens Wastewater Advisory Committee (CWAC) made up of
community members, Native American Tribal leaders, and key regulatory players.

This section describes the City’s existing WWTP, its performance limitations to meet its
current NPDES discharge permit, and physical condition.

3.2.1 Treatment Facilities
The Blaine WWTP is located on Semiahmoo Spit, west of Drayton Harbor. The WWTP was
constructed in 1980 to provide wastewater treatment for the City and the surrounding area.

The treatment process includes preliminary treatment, secondary treatment, disinfection,
and solids stabilization. An influent pump station is located offsite from the WWTP site.
Wastewater is conveyed to the WWTP through the collection system, which includes pres-
surized force mains and gravity sewers. Preliminary treatment includes fine screening and
odor control. Rotating biological contactors (RBCs) and secondary clarifiers provide
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secondary treatment. The treated effluent is disinfected with chlorine and discharged
through an outfall and diffuser into the Semiahmoo Bay, which is open to the Strait of
Georgia. Solids are stabilized through aerobic digestion, and the digested solids are trans-
ported by truck to Tjolker Farms for disposal.

Figure 3-1 shows the site plan for the existing WWTP. The process flow diagram for the
WWTP is shown in Figure 3-2. Table 3-1 summarizes the unit processes and major
equipment included within the Blaine WWTP.

3.2.2 Outfall
The Blaine WWTP outfall consists of a 24-inch-diameter ductile iron pipe that extends into
Semiahmoo Bay approximately 2,200 feet from the shoreline and terminates at a depth of
about 30 feet below mean lower low water (MLLW). The outfall includes a diffuser, which
consists of six 8-inch-diameter ports. Five of the ports are arranged along the spring line of
the diffuser (on alternating sides of the pipe) with a spacing of 12 feet on center; the sixth is
a terminal port that discharges horizontally from the center of the outfall end structure.

An external inspection of the City’s WWTP outfall was required in the City’s NPDES
discharge permit. In conjunction with the General Sewer Plan, an outfall inspection was
conducted to assess the general condition of the exposed portions of the pipe and to check
for any evidence of damage, leakage, scouring, or undermining around the outfall pipe and
diffuser.

In July 2003, two divers inspected the submerged length of exposed outfall pipe and dif-
fuser. The outfall inspection was conducted during a high slack tide, with a water surface
elevation of approximately 5.5 feet above MLLW. The water depth of the outfall terminus at
the time of the inspection was 30 feet.

The condition of the outfall and diffuser was observed to be structurally sound. The outfall
diffuser is significantly oversized for the current plant flows, but may prove to be an im-
portant asset for the future uses. All of the visible joints are intact and appear functional.
Although sediments have accumulated up to the bottom of the diffuser ports, no interfer-
ence or blockage from sediment was observed. Considering the age of the structure (25 or
more years), the amount of marine growth appears normal; there are no restrictions of the
ports due to marine growth or bio-fouling. However, there were two issues noted with the
existing outfall:

1. Lack of observable discharge from the diffuser suggested that effluent might be dis-
charging from another point in the outfall pipeline (e.g., through a break). However,
discharge flow and velocity were so low and the water clarity was so poor at the
time of the first dive that it may be possible that the discharge could not be seen
(although this is very unlikely).
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Figure 3-1
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Figure 3-2
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TABLE 3-1
City of Blaine WWTP: Existing Wastewater Processes and Major Equipment

Process Description

Fine Screening (1) 0.10-inch Rotating Drum Screen

(1) 0.03-inch Rotating Drum Screen

Odor Control (1) Wet Scrubber

Rotating Biological Contactors (6) 100,000-ft2 RBC Units

(2) RBC Trains with (3) Units Each

Total RBC Basin Volume of 102,000 Gallons

RBC Aeration System (4) 500-scfm Blowers

Secondary Clarifiers (2) 660-ft2 Rectangular Clarifiers

Chlorine Contact Chambers (2) Concrete Chambers

40:1 Length to Width Ratio

Aerobic Digesters (4) Concrete Tanks

Total Volume of 104,570 Gallons

Aerobic Digester Aeration System (3) 500-scfm Blowers

Dewatering Building This building originally housed dewatering equipment, but is now used
for maintenance. The dewatering equipment has been removed.

Administration Building This building houses the administration and laboratory equipment for
the WWTP. The chlorine room is also attached.

2. Evidence of pipe settlement at the third anchor block could indicate that other points
of settlement and joint discontinuity are present inshore.

An additional investigation of the outfall, conducted in October 2003, identified a hole in the
outfall 100 feet from the diffuser as the cause of the lack of observable discharge noted dur-
ing the May 2003 investigation.

3.3 Wastewater Treatment Facility Evaluation
This section includes an evaluation of the capacity of the existing WWTP and an analysis of
potential near-term improvements to enable the WWTP to meet permit requirements until
the new treatment solution is implemented.

3.3.1 Hydraulic Capacity
A hydraulic analysis of the WWTP was conducted to determine the plant’s hydraulic
capacity and to locate any hydraulic bottlenecks or obstructions that may be reducing the
capacity. The criterion for establishing the hydraulic capacity of the WWTP is to retain the
wastewater within basin structures at peak instantaneous flows. At maximum month influ-
ent flows, all of the unit processes should have adequate freeboard with all effluent weir
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assemblies being non-submerged. The WWTP currently is considered to have a maximum
month capacity of 0.8 mgd and a 2.4-mgd peak instantaneous capacity.

The hydraulic computer model WinHYDRO, developed by CH2M HILL, was used for the
hydraulic analysis of the Blaine WWTP. The WinHYDRO computer model calculates energy
grade line (EGL) and hydraulic grade line (HGL) elevations upstream and downstream of
the hydraulic elements in the WWTP. The hydraulic analysis begins at a water surface
datum elevation at the downstream end of the WWTP. The hydraulic calculations proceed
upstream from this datum elevation, one element at a time.

Modeling Results
A summary of the results of the hydraulic analysis is presented in the hydraulic profile of
the Blaine WWTP, shown in Figure 3-3. All WWTP unit processes were assumed to be in
service for the hydraulic analysis. The starting datum for the hydraulic profile is the mean
higher high water (MHHW) elevation of 4.2 feet.

Maximum Month
The Blaine WWTP is able to convey 1.3 mgd of wastewater, with all units in service, before
unit process effluent weirs become submerged. The effluent weirs for the secondary clari-
fiers are the first to be submerged. At 1.3 mgd, the velocity through the 8-inch flowmeter
assembly is 5.8 feet per second (fps). The detention time in the chlorine contact chamber is
37 minutes.

Peak Instantaneous Capacity
The total wastewater flow that can be conveyed through the existing WWTP infrastructure
is 3.0 mgd. At this flow, there is negligible freeboard with the existing unit processes, with
the water surface level at the top of most structure walls. All effluent weir assemblies are
submerged, and high velocities are noted within piping. The 8-inch flowmeter assembly has
a velocity of 13.3 fps. The detention time within the chlorine contact chamber is 16 minutes,
which is below current design criteria. The treatment capacity of the WWTP would be com-
promised at this influent flow.

The existing WWTP infrastructure can adequately convey the design peak instantaneous
influent flow of 2.4 mgd. For this condition, there is adequate freeboard within the basin
structures. The secondary clarifier effluent weir is the only submerged weir in the WWTP at
this level of flow.

3.3.2 Process Unit Capacity Assessment
A treatment plant process simulation of the Blaine WWTP was conducted, which also con-
sisted of a mass balance for each WWTP unit process. The objective of this process analysis
was to verify the treatment capacity of the WWTP, which is based on established design
criteria for the respective unit processes, and the resulting effluent quality. The overall
capacity of the WWTP takes into account both the hydraulic and treatment capacity of the
unit processes. The basis on which capacity was calculated is the maximum month influent
flow and loads.

The analysis was performed using Pro2D (Professional Process Design), a steady-state
whole plant simulator that was developed by CH2M HILL to perform complete wastewater
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Figure 3-3
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treatment plant simulations and to calculate full-plant mass balances. Pro2D uses Microsoft
Excel as its computational engine, implemented as a series of worksheets in a Microsoft
Excel workbook.

The design criteria used for each unit process were established by various sources. The cri-
teria established by Ecology in its publication Criteria for Sewage Works Design (the “Orange
Book”) were the primary source. Other sources are cited as applicable and included as
references.

3.3.3 Summary of Existing Capacity
The overall capacity of the Blaine WWTP is established by the capacity of the single most
limiting unit process. Capacity may be limited by either treatment of conventional pol-
lutants (biological oxygen demand [BOD] and total suspended solids [TSS]) or treatment
under various hydraulic loading conditions. The WWTP has adequate hydraulic capacity
for the conveyance of wastewater through its infrastructure.

The aerobic digesters appear to be a limiting unit process for the solids load to the WWTP,
with a capacity of 1.05 mgd, 1,500 lbs BOD5/day, and 1,300 lbs TSS/day. This is consistent
with previous evaluations completed for the Blaine WWTP (Terra Tech/KCM, Inc., 2000).
This design loading provides a 38 percent reduction in volatile solids, meeting the Class B
biosolids requirement. The WWTP currently does not meet the Class B Biosolids criteria
with the aerobic digester at times, as the influent loads can exceed the design criteria. How-
ever, additional stabilization is provided at the sludge disposal site, but an additional cost to
the City is associated with this practice. It is anticipated that this practice can continue in the
near term, so the aerobic digester does not limit the capacity of the WWTP.

The RBC unit process, as originally installed, and the secondary clarifiers limit the total ca-
pacity of the WWTP. Recently, however, the RBC has been modified by the City to increase
its capacity. Two RBC trains, with three shafts each, are utilized at the WWTP. Two internal
baffles within each train separated the shafts. The first baffle was removed, allowing for two
shafts to treat the influent flow and loads. This results in an increase in capacity at the RBC
unit process to 1.3 mgd, 2,250-lbs BOD/day (208 mg/L), and 2,642-lbs TSS/day (244 mg/L).
The first stage surface loading under this condition is 5.2-lbs BOD/1,000-ft2/day, with the
total surface loading at 3.5-lbs BOD/1000-ft2/day. The surface loadings fall within
published design criteria for RBCs (Grady et al., 1999; WEF/ASCE, 1998; Metcalf & Eddy,
1991). The secondary clarifiers limit the maximum month flow to 0.92 mgd and peak flow to
1.5 mgd given the surface overflow rate criteria established in the 1985 Ecology design guide
for secondary clarifiers receiving RBC effluent (less than 700 gpd/ft2 for maximum month
flow; less than 1,100 gpd/ft2 for peak hour flow). The clarifiers typically operate within the
design parameters, but the effluent TSS has exceeded the limits on occasion. The shallow
depth of the clarifiers (3.5-ft to 9-ft side water depth) appears to limit sludge settling
performance.

The overall process capacity is established by the overflow rate for the secondary clarifiers.
The maximum month capacity of the Blaine WWTP is 0.92 mgd, 1,782-lbs BOD/day (232
mg/L), and 1,656-lbs TSS/day (216 mg/L). The hydraulic capacity of the secondary clarifi-
ers proves to limit the capacity of the WWTP. The load associated with the hydraulic ca-
pacity is based on 2002 maximum month concentrations (shown in Chapter 4, Table 4-3).
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The capacity of the aerobic digester to provide Class B biosolids is exceeded with this
influent loading. This will result in an increase in solids disposal costs to the City, so it is not
recommended to exceed the capacity of the aerobic digester on a regular basis. The load
associated with the secondary clarifiers is well within the capacity of the RBCs (2,250-lbs
BOD/day and 2,642-lbs TSS/day), so additional modifications to the RBCs are not
recommended.

3.4 Short-Term Treatment Facility Improvements
The onsite treatment improvements considered for the WWTP include alternatives for up-
grading existing unit processes and alternatives for split stream treatment. An alternative
for upgrading an existing unit process would entail completing the majority of the improve-
ments within an existing structure or facility. These improvements would be minimal, and
would not involve changing to a different unit treatment process. The constructibility of
such modifications is a major issue, since the existing WWTP cannot convey and treat the
majority of the influent flow and loads if a unit process is removed from service for a sig-
nificant amount of time. A split stream treatment alternative would include a new unit
process being installed at the WWTP site for treatment of a portion of the influent waste-
water.

Multiple onsite treatment alternatives to provide increased capacity or other improvements
were investigated in 2000 (TetraTech/KCM, 2000) and as part of this preliminary planning
process of the General Sewer Plan, including:
 Improvements to the Headworks
 Structural and process operation improvements to the RBCs
 Equalization basin utilization
 Secondary clarifier improvements
 Addition of effluent filtration
 Chlorine disinfection
 Aerobic digester improvements
 Solids handling operational changes
 Additional odor control

Cost-effectiveness was an important factor in evaluating improvements for the WWTP, due
to the future abandonment of the existing site. Any capital investment in the existing site
may divert available funding for future construction. The City of Blaine Public Works De-
partment and WWTP operational staff have been very proactive in trying to improve the
performance of the WWTP. Multiple testing and performance evaluations were completed.
There were additional performance evaluations, however, that may be completed onsite
with minimal cost. It was recommended that the near-term capacity improvements involve
initial optimization of the WWTP and further investigation of potential modifications to the
WWTP as part of this WWTP planning effort for the new WWTP. The following testing and
modifications were previously recommended for this initial step:

 Internal Baffle Modifications in RBC. As discussed previously, removing the baffle be-
tween the first and second shaft in each RBC train increased the capacity of the existing
WWTP. This provides more surface area within the first stage of the RBC, reducing the
surface organic load to the shafts.
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 Additional Effluent Filtration. Including an effluent filtration system prior to dis-
infection will improve the TSS limitations currently existing in the secondary clarifiers,
allowing for an increase in influent load at the WWTP. Package type systems can be
evaluated and installed at the WWTP as required.

 Aerobic Digesters. The operational strategies, such as prethickening, in the aerobic
digesters can be implemented or modified to optimize their performance. The City
should continue with the staged operation and aerobic-anoxic operation currently prac-
ticed. Performance monitoring of any operational practices or modifications will deter-
mine the optimal strategy for aerobic digestion.

With some interim operational strategies, unit process modifications, and performance
monitoring, there appear to be opportunities to improve the WWTP with minimal capital
cost. With information gathered from follow-up planning activities, the process evaluations
could be refined to determine the optimal capacity of the WWTP for the near term.

3.5 Outfall Improvements and Recommendations
The capacity of the outfall is sufficient to handle future effluent flows for at least 20 years if
wastewater continues to be treated at a City-owned facility. With the exception of the large
hole identified in the October 2003 investigation, the existing outfall and diffuser are struc-
turally sound and in good condition, given the age of the structures.

The City repaired the damaged effluent outfall in July 2004, as a condition of its May 5, 2004,
settlement to appeals brought before the PCHB. This repair work included replacement of
approximately 10 feet of pipe approximately 100 feet from the diffuser. It was recommended
that once the repair was complete, the City should collect detailed measurements of dye
concentration at the regulatory mixing zone boundaries for the outfall. The City should also
conduct dilution modeling to evaluate the dilution performance of the outfall diffuser in its
present condition and, if necessary, recommend conceptual diffuser modifications to
improve outfall dilution performance.
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CHAPTER 4

Wastewater Characteristics

This chapter presents an overview of the wastewater characteristics for the City's existing
wastewater treatment system. The historical wastewater flow and loadings are presented,
along with the projected wastewater flow and loadings for the proposed Lighthouse Point
WRF.

4.1 Historical Wastewater Flows and Loadings

4.1.1 Wastewater Flow
The annual average daily influent wastewater flow and maximum month average daily in-
fluent wastewater flow at the Blaine WWTP are determined from the Blaine WWTP Permit
Data database from year 1997 to 2003. The influent flow has been steadily increasing over
the past few years. Table 4-1 includes the average annual influent wastewater flow
conditions from the influent database for year 1997 to 2003. The plant flow data is included
as Appendix B.

TABLE 4-1
City of Blaine: Existing Blaine WWTP Influent Flow Information

Year Annual Average Flow Maximum Month Flow

2003 0.61 mgd 0.88 mgd

2002 0.61 mgd 0.85 mgd

2001 0.49 mgd 0.71 mgd

2000 0.50 mgd 0.68 mgd

1999 0.44 mgd 0.80 mgd

1998 0.38 mgd 0.72 mgd

1997 0.45 mgd 0.81 mgd

Historical data from the existing WWTP were analyzed to develop the baseline datum for
the design criteria. The general trend of the data indicatetrends of the data indicate a steady
increase in influent wastewater flow. The data from year 2003 coincide with the general
trend from the past few years. The year 2003 annual average wastewater flow of 0.61 mgd
and maximum month flow of 0.88 are used as the baseline for the design criteria. The data
on Table 4-1 represent the total wastewater flow from the two main service areas for the
City – Central Blaine/East Blaine/East Blaine UGA and West Blaine. Based on sewer
flowrate information, of the 0.61- mgd total flow, 0.54 mgd is from Central/East Blaine and
0.10 mgd is from West Blaine.
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4.1.2 Wastewater Load
Data collected at the Blaine WWTP indicate an increase in influent wastewater loads over
the past 5 years. The BOD5 and TSS loading design criteria for the proposed Lighthouse
Point WRF are based on the general trend of the annual average data and maximum month
data from 1997 to 2003. The data are shown on Table 4-2.

TABLE 4-2
Blaine Wastewater Treatment Plant – Historical Influent Wastewater Loading Trend

Year
Average Annual

TSS (lbs/day)
Maximum Month

TSS (lbs/day)
Average Annual
BOD5 (lbs/day)

Maximum Month
BOD5 (lbs/day)

2003 1,011 1,153 1,165 1,193

2002 1,193 1,026 1,255 1,076

2001 955 799 972 895

2000 847 1,358 1,035 1,353

1999 672 884 735 940

1998 631 733 573 747

1997 636 655 600 592

Figures 4-1 and 4-2 show the general trend for the wastewater load parameters

As shown in the respective figures, there is an increase in both TSS and BOD5 at the Blaine
WWTP. Table 4-3 includes the historical wastewater parameters that will be used with the
service area growth projections to develop the design wastewater parameters for the
proposed Lighthouse Point WRF. The City has a pretreatment program that requires
permits for all establishments producing industrial wastes, including commercial
establishments processing food. The City’s pretreatment ordinance is included in
Appendix C.

4.2 Historical Infiltration and Inflow Analysis
The I/I analysis was originally presented in the General Sewer Plan (CH2M HILL, 2004).
This analysis is summarized and presented in this section.

Infiltration is defined as groundwater that enters a collection system through defective
pipes, pipe joints, connections, manhole walls, or other means. Inflow is storm water that
enters a collection system from foundation drains, roof drains, basement sumps, and surface
water runoff. I/I generally correlates with rainfall, although the correlation tends to vary
with the volume and intensity of the storm, the amount and duration of antecedent rainfall
(i.e., rainfall in the days preceding the particular rain event), and seasonal groundwater
fluctuations. Municipalities target I/I removal because the extraneous flow occupies pipe
capacity that would otherwise be free for the sanitary flow in the system.
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FIGURE 4-1
BOD5 trend, 1997 – 2003

FIGURE 4-2
TSS trend, 1997 – 2003
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TABLE 4-3
Blaine Wastewater Treatment Plant – Historical Influent Wastewater Loading

Influent Parameter Average Annual Load
(lbs/day)2

1998-2002

Maximum Month Load (lbs/day)3.

BOD5
(1) 1,170 1,200

TSS(1) 1,080 1,150
1Annual Average values, 1998 – 2002; Maximum Month, 1998 – 2002.
2Associated Average Annual Parameter Concentration with 0.61 mgd: BOD5 = 230 mg/L, TSS = 212 mg/L
3Associated Maximum Month Parameter Concentration with 0.88 mgd: BOD5 = 164 mg/L, TSS = 157 mg/L

Figure 4-3 is a plot of wet weather versus dry weather flow recorded at the WWTP. The
6 months with the lowest wastewater flows each year, May through October, were
compared to the 6 months with the highest wastewater flows, November through April. For
the years shown, wet weather flow exceeded dry weather flow by approximately 1.5 mgd in
1997. The proportion of wet weather flow to dry weather flow shows a significant decrease
since 1999, but has slightly increased since 2000, as shown in Figure 4-4.

FIGURE 4-3
Wet Weather and Dry Weather WWTP Flow 1997 to 2002
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FIGURE 4-4
Wet Weather Flow as a Percentage of Dry Weather Flow

4.2.1 Noted Areas of Infiltration/Inflow
A collection system’s flow response after a large rainfall event is an indicator of I/I. On
December 15 and 16, 1999, the City received approximately 2.7 inches of rain in 36 hours. As
shown in Figure 4-5, the sanitary sewer collection system flow was approximately 1 mgd
higher than in the preceding 5 days, suggesting significant I/I. The preceding days were
mostly dry, with the exception of December 12, 1999, when approximately 0.3 inch of rain
fell.

Certain areas of the City experience a higher I/I influence than other areas. The flow moni-
toring data showed high flows in residential areas of the City on days with rainfall. Waste-
water flows are expected to increase with rain, and in the City the central residential area
(south of G Street, north of Georgia Street, and west of I-5) and northern residential area
(north of D Street and west of 8th Street) show the largest I/I response. The pipes in the cen-
tral residential area were replaced in 1991, so the age and condition of the pipe may not be
the leading cause of the I/I. Since it is an older residential area of the City (constructed in
the 1920s), roof drains and foundation drains may be a more likely source of I/I. The
industrial area also exhibited high I/I in the flow monitoring data. The pipes in this area
were installed during the 1960s and are primarily vitrified clay pipe (VCP) and reinforced-
concrete pipe (RCP). The age and type of pipe, largely VCP and RCP, suggest that I/I may
enter the sewers through defective pipe joints or cracks in the pipes or manholes.
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FIGURE 4-5
City of Blaine December 1999 Wastewater Treatment Plant Flow vs. Flow Monitoring Data

4.2.2 Efforts to Reduce Infiltration/Inflow (I/I)
Beginning in 2000, the City began pipeline construction projects to rehabilitate gravity
sewers with known high I/I. Older areas of the City with VCP were found to have the most
I/I, and therefore the pipes were targeted for replacement. Approximately 26,000 feet of
VCP have been replaced to address this issue.

The City has funding allocated for private citizens to voluntarily disconnect foundation
drains and roof drains from the collection systems and reconnect them to the separate storm
drain system. The program has been successful in reducing I/I as evidenced by the signifi-
cant reduction in wet weather flow percentage since 1998, and approximately $2 million has
been spent since the onset of this program.

4.3 Projected Wastewater Flows and Loadings
This section presents the projected wastewater flows and loadings used as the design cri-
teria for the proposed Lighthouse Point WRF. The hydraulic and process design criteria for
the WRF were developed in part within the General Sewer Plan (CH2M HILL, 2004), and
are summarized in this section. The criteria are based on the annual average daily and
maximum month average daily influent wastewater flow measured at the Blaine WWTP



CHAPTER 4 WASTEWATER CHARACTERISTICS

07_SEA31009908366_CHPT_4/050180004 4-7

from 1997 to 2003. The daily diurnal flow patterns from the 1999 flow monitoring data are
used to determine the peaking factors for the daily minimum and peak hourly influent
wastewater flow. Anticipated wastewater flow projections in year 2023 are determined from
population growth factors. The wet weather peaking factors are used to determine the
appropriate volume of flow equalization required prior to the wastewater reaching the
proposed Lighthouse Point WRF. Wet weather peaking factors are based on the 25-year, 24-
hour storm event and the Soil Conservation Service (SCS) Type 1A distribution.

Population projections are presented in the General Sewer Plan (CH2M HILL, 2004). Annual
projected population growth rates are used to develop an estimate for the projected
population of the City. The population growth is used in part to develop the design criteria
for the proposed Lighthouse Point WRF. Tables 4-4 and 4-5 show the projected population
growth rates and associated population estimate. Equivalent Residential Units (ERUs) are
used to represent the wastewater sewer flow within the system. An ERU is the average daily
contribution of wastewater from a single-family residence. This unit of measurement is used
to equate non-residential (commercial/retail, industrial) or multi-family residential waste-
water contributions to a specific number of single-family residences. With the population
estimates and future non-residential contributions, the estimated 2023 sewage flow is de-
termined. This sewage flow, along with the I/I component within the City’s collection sys-
tem, determines the 2023 annual average hydraulic design criteria for the proposed
Lighthouse Point WRF.

TABLE 4-4
City of Blaine Annual Projected Population Growth Rates

Location 2002-2007 2007-2012 2012-2017 2017-2022

Central Blaine 0.9% 0.9% 0.8% 0.7%

East Blaine 2.9% 2.9% 3.0% 3.4%

West Blaine 9.7% 6.3% 4.1% 3.3%

Source: City of Blaine Population Growth Allocations 2002-2022

TABLE 4-5
Existing and Projected Population for the City of Blaine Sewered Areas

Location 2003 2013 2023

Central Blaine 3,029 3,310 3,560

East Blaine 336 619 632

West Blaine 688 1,410 2,014

East Blaine UGA 0 0 615

Total 4,053 5,339 6,711

UGA = Urban Growth Area
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4.3.1 Hydraulic Design Criteria
The hydraulic design criteria for the proposed Lighthouse Point WRF is the anticipated
influent wastewater flow for the year of 2023. Peaking factors from the dry weather annual
average flow (DWAA) to maximum month (DWMM), minimum (DWMIN), and peak
hourly (DWPH) influent wastewater flow are used to establish the corresponding 2023
wastewater flow rates. The peaking factors are developed from historical and current data at
the Blaine WWTP. The peaking factors from annual average used for this analysis are
presented in Table 4-6.

TABLE 4-6
Influent Wastewater Flow Dry Weather Peaking Factors – 24-hour Diurnal Conditions

Influent Flow Condition Peaking Factor

Minimum Daily Flow1 0.4

Average Daily Flow 1.0

Max Month Flow2 1.45

Peak Hourly Flow2 1.8
1Based on Diurnal Flow Patterns (Figure 3-9, General Sewer Plan, CH2M HILL, 2004)
2From Year 2003 Blaine WWTP Influent Wastewater Data

Table 4-7 includes the hydraulic capacity based on historical average annual conditions and
projected for future growth (except as noted), required at the WRF in 2023.

TABLE 4-7
City of Blaine 2023 Hydraulic Design Criteria

Minimum
Flow (mgd)

Annual
Average

(mgd)
Maximum

Month (mgd)
Dry Weather

Peak Hour (mgd)
Wet Weather Peak

Hour (mgd)

Central and
East Blaine, and
East Blaine
UGA

0.31 0.77 1.11 1.39 5.50(1)

West Blaine 0.09 0.23 0.39 0.41 1.64(2)

City of Blaine
Total

0.4 1.00 1.5 1.80 7.14

1Central Blaine, East Blaine, and East Blaine UGA wet weather peak hour based on the 2023 baseflow and 25-year storm,
24-hr duration.

2West Blaine wet weather peak hour flow is an estimated value based on the peaking factor from the Central Blaine, East
Blaine, and East Blaine UGA annual average to wet weather peak hour flow (7.14).

As noted on Table 4-7, the peak flow in the City’s sewer system is during the wet weather
conditions. An estimate of the peak wet weather condition (25-year storm) from the Central
Blaine Service area to be conveyed by LS1 in 2023 is approximately 3,820 gpm (5.50 mgd).
The hydrograph for the Central Blaine, East Blaine, and East Blaine UGA service area is
shown in Figure 4-6. This wet weather peak hour flow results in a peaking factor of 7.14
from the dry weather annual average daily flow. As a result of the high peaking factor
associated with the wet weather data at LS1, a level of flow equalization will be required. It
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is anticipated that Project T1, improvements to Lift Station 1, will provide flow equalization
storage to minimize the peaking factors at the proposed Lighthouse Point WRF.

FIGURE 4-6
Central Blaine, East Blaine, and East Blaine UGA Wet-Weather Flow Hydrograph

Flow equalization volume will be included within Project T1 from the City’s CIP in the
General Sewer Plan (CH2M HILL, 2004) to reduce the wet weather peak hour flow from
5.5 mgd to 3.1 mgd prior to the proposed Lighthouse Point WRF. The Lighthouse Point
WRF is designed to have a peak hydraulic capacity of 3.1 mgd. A preliminary economic
evaluation comparing treatment costs to equalization costs determined the required flow
equalization to be 700400,000 gallons. In sizing the facility to hydraulically meet the 2023
wet weather peak hour flow requirements for the entire City, a reserve capacity will be in-
cluded at the WRF. This reserve can be used for the treatment of West Blaine wastewater
flows if warranted, or used for additional future system connections.

4.3.2 Treatment Process Design Criteria
Historical influent water quality data and the required effluent water quality form the cri-
teria for the level of treatment that is required to meet these conditions.

HYDROGRAPH for Lift Station 1
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The treatment process design criteria are based on the maximum month influent load to the
WWTP. The maximum month value corresponds to the monthly effluent compliance
standard listed in the NPDES permit, which is included as Appendix D. Using the
maximum month value for the design criteria will statistically result in process reliability
92 percent of the time (WEF, 1998). The treatment process design capacity for the proposed
Lighthouse Point WRF will be 1.60 mgd and the maximum hydraulic capacity of the
treatment plant will be 3.1 mgd. These values are based on flows from the revised collection
system hydraulic model that incorporates the updated flow monitoring data and the
proposed equalization storage basin upstream of the treatment facilities.

The treatment process design criteria are based on the historical influent flow and load data,
along with assumed values for various parameters not typically measured at the Blaine
WWTP. From the historical flow and load data, the resulting wastewater parameter
concentration is determined (noted on Table 4-3). As noted in the table, the maximum
month values from the existing data for BOD5 and TSS are 164 mg/L and 157 mg/L,
respectively. These values are low compared to values typically found for municipal water.
This lower value may result from the additional I/I reaching the existing WWTP. As the
collection system is improved, reducing the I/I, the maximum month concentrations should
approach those typically found for a medium-strength wastewater. For planning purposes,
typical medium-strength municipal wastewater concentrations for BOD5 and TSS will be
used for the maximum month condition. With the design flow rates, the associated average
annual and maximum month loads were calculated. Assumed concentration values were
used for parameters typically not measured at the existing WWTP. Values from industry
standard design manuals are cited within the table for those parameters. Table 4-8 includes
the treatment design criteria flow and loadings for the proposed Lighthouse Point WRF.
These values have been updated based on the revised flows from the updated hydraulic
model. However, the process design must also be updated during the predesign activities to
accurately reflect the requirements to provide appropriate treatment.

TABLE 4-8
Water Reclamation Facility Design Criteria – Influent Flow and Loadings

Influent Parameter
Average Annual Load, lbs/d

(based on 1.3-mgd)
Maximum Month Load, lbs/d

(based on 1.6-mgd)

BOD5
1. 2,494 (230 mg/L) 2,802 (164 mg/L)

TSS1. 2,299 (212 mg/L) 2,802 (157 mg/L)

VSS2. 1,724 (159 mg/L) 2,122 (118 mg/L)

TKN3. 466 (43 mg/L) 574 (43 mg/L)

NH3
3. 271 (30 mg/L) 334 (30 mg/L)

Alkalinity (as CaCO3)
2 2,168 (200 mg/L) 2,669 (200 mg/L)

Temperature (C)4 13 13
1. Based on Annual Average values, 1998 – 2002; Maximum Month, 1998 – 2002, See Table 4-3.
2. VSS assumed to be 75% of TSS, Alkalinity concentrations for strong and medium wastewater (Metcalf & Eddy, 1991).
3. Limited sampling at the Blaine STP for NH3 and TKN. Assumed TKN and NH3 values based on typical domestic

wastewater values. (Metcalf & Eddy, 1991)
4. Temperature is assumed.
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4.3.3 Effluent Criteria

The effluent water quality requirements of the NPDES permit for the existing outfall to the
Puget Sound and the plant effluent data form the effluent design criteria to be used for the
Lighthouse Point WRF. The existing outfall, identified in NPDES permit No. WA-002264-1
for the City of Blaine, discharges into Semiahmoo Bay within the Strait of Georgia of the
Puget Sound. The entire NPDES permit is included in Appendix D of this technical
memorandum. the facility plan. Table 7 4-9 summarizes the NPDES permit requirements.

TABLE 74-9
Current NPDES Permit Effluent Limitations

Parameter Average Monthly Average Weekly (1)

Biochemical Oxygen Demand, 5
day (BOD5)

30 mg/L, 200 lbs/day 45 mg/L, 300 lbs/day

Total Suspended Solids (TSS) 30 mg/L, 200 lbs/day 45 mg/L, 300 lbs/day

Fecal Coliform Bacteria 200/100 mL 400/100 mL

pH Daily minimum is equal to or greater that 6, and the daily maximum is less
than or equal to 9

Total Residual Chlorine (if Water
Quality Based), (1)

0.35 mg/L, 2.3 lbs/day 0.9 mg/L, 6.0 lbs/day

1. Total Residual Chlorine is based on an Average Monthly and Maximum Daily value

From the wastewater treatment alternatives evaluation presented in the General Sewer Plan
(CH2M HILL, 2004), providing treatment to a high-quality effluent for water reclamation
and reuse was recommended. The reuse of water from the proposed reclamation facility
may be desirable within the City. In addition, there may be opportunities in the future to
reduce the shellfish closure zone associated with the outfall. As part of the dilution
modeling that will need to be conducted for effluent from the new water reclamation
facility, the shellfish closure zone surrounding the outfall should be re-evaluated. The
dilution modeling is not included within CH2M HILL’s scope of work for the Facility Plan.
However, some alternatives for treatment of wastewater to be evaluated within the Facility
Plan will provide the high-quality effluent desired by the City.
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CHAPTER 5 

Process Components Evaluation 

This chapter presents the evaluation of the process components utilized within wastewater 
treatment facilities. The treatment components for the unit processes listed below are 
defined and evaluated. The advantages and disadvantages are documented, including 
expected performance and reliability. The liquids and solids treatment process to be defined 
include: 

• Preliminary/Primary Treatment 
− Coarse and Fine Screens 
− Vortex Horizontal and Aerated Grit Removal Systems 

• Secondary Treatment  
− Conventional Activated Sludge (including oxidation ditch, extended aeration, batch 

treatment (SBR), and complete mix system configurations) 
− Membrane Bioreactors 
− Fixed-film Systems (RBC, Trickling Filters) 

• Disinfection Treatment 
− Ultraviolet Radiation (open and closed system configurations) 
− Chlorination and Dechlorination Systems (liquid and gas systems) 

• Solids Handling (Thickening and Dewatering) 
− Thickening (including gravity thickeners, gravity belt thickening [GBT], and 

centrifuge, and dissolved air flotation – [DAF]) 
− Dewatering (including belt filter press [BFP] and centrifuge) 

• Solids Treatment 
− Aerobic and Anaerobic Digestion 
− Chemical Treatment (lime stabilization) 

Also included in this chapter is the development and analysis of treatment facility 
alternatives for the proposed Lighthouse Point WRF, including treatment requirements and 
alternatives evaluation, and the associated conveyance and mitigation requirements. 

5.1 Treatment Process Components Definition and Evaluation 
Table 5-1 includes the definition and evaluation of various wastewater treatment process 
components. Advantages and disadvantages are cited for each unit process. 

5.2 Treatment Facilities Development and Analysis 
This chapter presents the development and analysis of treatment facility alternatives for the 
proposed Lighthouse Point WRF. The wastewater treatment requirements and alternatives 
evaluated are presented along with the associated conveyance and mitigation requirements. 
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5.2.1 Treatment Requirements 
The objective of this section is to document and present the preliminary design criteria and 
sizing requirements for each treatment configuration alternative to be evaluated for the 
proposed Lighthouse Point WRF. The planning and design parameters developed in 
previous chapters will be used to size each alternative. 

5.2.1.1 Development of Alternatives 
A number of treatment configuration alternatives were evaluated for use at the proposed 
Lighthouse Point WRF. It was assumed that for the majority of the treatment configuration 
alternatives, the City will continue the current practice of contracting their solids treatment 
to others. However, the option of including solids treatment at the new facility was included 
in one of the treatment configuration alternatives. Table 5-2 lists the treatment configuration 
alternatives evaluated. 

TABLE 5-2 
Treatment Configuration Alternatives 

Alt. 
Preliminary/ 

Primary Treatment Secondary Treatment 
Disinfection 
Treatment 

Solids 
Handling 

Solids 
Treatment 

1 Coarse Screening 
Grit Removal 

Conventional Activated 
Sludge (CAS) 

UV System Thickener No 

2 Coarse Screening 
Grit Removal 

Conventional Activated 
Sludge (CAS) 

Liquid Chlorination/ 
Dechlorination 
System 

Thickener No 

3 Coarse Screening 
Grit Removal 

Batch Reactor (SBR) UV System Thickener No 

4 Coarse Screening 
Grit Removal 

Batch Reactor (SBR) Liquid Chlorination/ 
Dechlorination 
System 

Thickener No 

5 Coarse Screening 
Grit Removal 

Extended Aeration (EA) UV System Thickener No 

6 Coarse Screening 
Grit Removal 

Extended Aeration (EA) Liquid Chlorination/ 
Dechlorination 
System 

Thickener No 

7 Fine Screening Grit 
Removal 

Membrane Bioreactor 
(MBR) 

UV System Thickener No 

7A Fine Screening Grit 
Removal 

Membrane Bioreactor 
(MBR) 

UV System Thickener/ 
Dewatering 

Yes 

8 Fine Screening Grit 
Removal 

Membrane Bioreactor 
(MBR) 

Liquid Chlorination/ 
Dechlorination 
System 

Thickener No 

9 Fine Screening Grit 
Removal 

Fixed-film (RBC) UV System Thickener No 

10 Fine Screening Grit 
Removal 

Fixed-film (RBC) Liquid Chlorination/ 
Dechlorination 
System 

Thickener No 

5.2.2 Evaluation of Alternatives 
As presented in Chapter 4, the treatment process design criteria are based on the maximum 
month influent load to the WWTP. The treatment process design capacity (at maximum 
month conditions) for the proposed Lighthouse Point WRF will be 1.55 mgd, and the peak  
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TABLE 5-1 
Wastewater Treatment Process Components 

Unit Process Process Description Process Performance Advantages Disadvantages 

PRELIMINARY/PRIMARY TREATMENT 

Coarse Screen Coarse screening of wastewater is intended to remove the large solids that may interfere with 
downstream unit operations and processes and equipment, accumulate in digesters, and cause other 
problems. It is the first unit operation encountered in WWTP. Conventional raw wastewater coarse 
screens consist of mechanically and/or manually cleaned bar screens. Bar screens consist of vertical or 
inclined parallel steel bars or rods with openings approximately 0.5 to 2.0 inches (12 to 50 mm) across a 
channel through which wastewater flows. The screening of raw sewage has been established and 
commonly used in WWTPs throughout the world.  

Depending on the bar spacing, the 
coarse screen is able to remove large 
solids include sticks, rags, and other 
debris. Trash of this type may clog pipes, 
damage pumps, interfere with 
mechanical aerators, clog trickling filters, 
accumulate in digesters, and cause other 
problems. 

• Requires simple operation and less 
maintenance. 

• Generates less headloss compared to fine 
screen. 

 

• Requires larger footprint than fine screen 
since the spacing is larger and the slope is 
flatter. 

• Achieves lower screening capture efficiency 
compared to fine screen. 

• Storage and handling of screenings can 
cause odor emissions. 

Fine Screen Fine screening of wastewater is used in both the preliminary treatment and primary treatment. The fine 
screens with the openings of 0.1 to 0.5 inch (2.5 to 12 mm) can effectively remove small solids such as 
cigarette filters, fibers, hair, plastic, rubber products, paper, and other fine material upstream of the grit 
removal process. With even smaller spacing of 0.1 inch or less, the fine screens can be used to 
substitute or polish the primary sedimentation treatment to remove suspended solids and organic 
pollutants. Typical applications include fine screens ahead of RBC, ABF and MBR. The reduction in 
settleable solids prevents blocking of distributors, aerators, and membrane, and increases the 
operational efficiency of the system.  

Fine screens are usually automatically cleaned. They can be circular, rectangular, flat, or cylindrical. 
They can be static or rotating. The technology is not commonly used as primary treatment in WWTPs. 

When used for grit removal, the fine 
screen can achieve 80 to 90% of grit 
removal efficiency. 

When used for primary treatment, the 
rotary drum fine screen can achieve BOD 
removal of 15 to 25% and TSS removal 
of 15 to 30%. 

• Requires less footprint than the primary 
sedimentation when achieving the same 
removal efficiencies. 

• Generates higher headloss than the coarse 
screens. 

• If substitute for the primary sedimentation, 
cannot achieve removal efficiencies as high 
as the primary sedimentation. 

• Storage and handling of screenings can 
cause odor emissions. 

Vortex Grit 
Removal 

Grit removal is a common component of the preliminary treatment train in most treatment plants and 
usually follows screening. Grit systems remove settleable nonputrescible material from the wastewater, 
such as sand, and include washing to remove organic material before depositing it in a container for 
ultimate disposal.  

The vortex grit removal system relies on a mechanically induced vortex to capture grit solids in the 
center hopper of a circular tank. The wastewater enters and exits the tank tangentially. The vortex action 
causes particulates to move to the side of the tank, settle down the walls, and collect in a hopper. The 
swirling action causes some of the organics to be re-suspended. An air scour system is also normally 
provided to re-suspend most of the remaining organics just before the grit is removed from the hopper. 
Settled grit can be removed with air lift or torque-flow pumps. This is a proprietary technology. Various 
manufacturers make vortex systems and sizing and design vary. The vortex grit removal system is 
becoming popular in the large-scale installations throughout the world. 

Vortex grit removal efficiencies range 
from 65 to 95%, depending on the grit 
size and density. Vortex grit removal has 
the higher removal efficiency for the fine 
grit than other types of grit removal 
system.  

• Good process control capability. 

• Minimal headloss, typical 6 mm (0.25 inch). 
• No aeration required, saves energy. 
• Effective over a wide flow variation. 
• Equipment replaceable in operating basin. 

• Requires minimal space. 
• Removes a high percentage of fine grit (up to 

73 percent of 140-mesh size). 

• Proprietary design. 

• Paddles may collect rags. 
• Grit sump may become compacted and clog; 

requires high-pressure agitation water or air; 
air lift pumps are often not effective in 
removing grit from the sump. 

 

Horizontal 
Flow Grit 
Removal  

Horizontal flow grit removal is the earliest type of grit removal system. It uses proportional weirs or 
rectangular control sections (such as Parshall flumes) to vary the depth of flow and keep the velocity of 
the flow stream at a constant 0.3 m/s (1 ft/sec). This design velocity will carry most organic particles 
through the chamber and will tend to re-suspend any settled organic particles but will permit the heavier 
grit to settle out. The horizontal flow grit removal is generally appropriate only for small facilities that are 
less than 1 mgd. It is not commonly used in recent WWTPs.  

With effective flow control, the horizontal 
flow grit removal system can remove up 
to 95% of the 100-mesh particles at peak 
flow.  

• Flexibility to alter performance is possible by 
adjusting the outlet flow control device. 

• Mechanically simple. 
• With effective flow control, removal of grit not 

requiring further classification is possible. 

• Difficulty in maintaining a 0.3-m/s velocity 
over a wide range of flows. If effective flow 
control is not achieved, channels will remove 
significant quantities of organic material that 
require grit washing and classifying. 

• Requires large footprint. 
• Has little process control. 
• Submerged chains and bearings subject to 

excessive wear and need intensive 
maintenance. 

• Has relatively high headloss. 
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TABLE 5-1 
Wastewater Treatment Process Components 

Unit Process Process Description Process Performance Advantages Disadvantages 

Aerated Grit 
Removal  

In aerated grit chamber, air introduced along one side near the bottom causes a spiral roll velocity 
pattern perpendicular to the flow through the tank. The heavier particles with their correspondingly 
higher settling velocities drop to the bottom, while the roll suspends the lighter organic particles, which 
are eventually carried out of the tank. The non-flow-dependent rolling action induced by the air diffusers 
allows the aerated grit chamber to operate effectively with a wide range of flows. The heavier particles 
that settle on the bottom of the tank are moved by the spiral flow of the water across the tank bottom and 
then into a grit trough or hopper. Chain and bucket collectors, screw augers, clamshell buckets, or 
recessed impeller or air lift pumps remove collected grit from the trough or hopper. This is a well-
established technology that has been used widely throughout the world. 

The aerated grit chamber is designed to 
remove particles 65 mesh (0.2 mm) or 
larger. With proper rate of aeration, 
almost 100 percent removal will be 
obtained, and the grit will be well-
washed.  

• Good process control. 
• The same efficiency of grit removal is possible 

over wide flow range. 

• Minimal headloss. 
• Aerated grit tank can also be used for 

chemical addition, mixing, preaeration, and 
flocculation before of primary treatment. 

• Preaeration may alleviate septic conditions in 
incoming wastewater to improve performance 
of downstream treatment units. 

• Difficult to maintain proper airflow (at constant 
air flow, performance varies with wastewater 
flow). 

• High operation and maintenance costs. 
• Power consumption is higher than other grit 

removal processes. 

• Relatively large area requirement. 
• Significant quantities of potentially harmful 

volatile organics and odors may be released 
from wastewater containing these 
constituents. 

• The proper operation of an aerated system is 
open to some dispute. 

Conventional 
Primary 
Clarification 

Conventional primary clarification is a settling process that is carried out in a relatively quiescent tank. 
The solids with a higher specific gravity than the liquid will tend to settle, and the solids with a lower 
specific gravity will tend to rise. Primary clarification is used to remove settleable solids from degritted 
sludge. BOD removal is achieved through removal of organic matter associated with the solids. Oil, 
grease, and other floatable materials are removed through scum-skimming mechanisms. The primary 
clarification system may be employed to reduce the load on an activated sludge system and must be 
used upstream of a fixed film system. The technology is established and commonly used in WWTPs 
throughout the world. 

It is a widely used process and can 
typically achieve BOD removal efficiency 
of 20 to 30% and TSS removal efficiency 
of 40 to 60%. 

• Modular nature of process makes it readily 
expandable. 

• Requires no chemical addition. 
• Insensitive to water chemistry. 
• Sludge produced is readily stabilized and 

biodegradable. 

• Inexpensive method for removing BOD. 

• Requires larger footprint than primary 
processes that use chemical addition. 

• Achieves lower TSS and BOD removal 
compared to processes that use chemical 
addition. 

• Operation with deep sludge blankets can 
cause odor emissions. 

 

Chemically 
Enhanced 
Primary 
Treatment 

Chemically enhanced primary treatment utilizes the chemical coagulation of raw wastewater prior to 
sedimentation to promote the flocculation of finely divided solids into more readily settleable flocs. Thus, 
it increases the solids and organics removal efficiencies. Coagulants, such as ferric compounds and 
alum, are typically dosed upstream of the primary clarifiers. The dosage is determined from bench- or 
pilot-scale tests.  

The additional load removed in the enhanced primary clarification reduces the loads to the downstream 
biological reactor, allowing an increase in the capacity of these unit processes.  

With chemical addition, the primary 
clarification can remove up to 85% of 
TSS and 60% of BOD5.  

• Greater removal efficiencies of TSS and 
BOD5. 

• Higher treatment capacity by functioning at 
higher overflow rates. 

• Effective to remove phosphorus (phosphorus 
removal could be 70 to 90%). 

• Certain coagulants, such as ferric salt, react 
with the dissolved sulfide in the wastewater 
and is beneficial for odor control. 

• Increased mass of primary sludge. 
• Produces solids that are often more difficult to 

thicken and dewater. 
• Increased operational cost and operator 

attention. 

• Requires chemical handling. 

SECONDARY TREATMENT 

Conventional 
Activated 
Sludge, Plug 
Flow  

The plug flow activated sludge aeration basin is a typically long, narrow, activated sludge basin that 
approaches "plug flow" characteristics where the influent and RAS enter at one end and flow to the 
other. The reactor has the length-to-width ratio of more than 10:1, and can be viewed as an infinite 
number of small, completely mixed basins in series. A "plug flow" system will contain concentration 
gradients of soluble constituents as the fluid moves through the basin. As a result, the aeration 
requirement is reduced in the process as the oxygen demand will decrease from the front end of the 
basin to the outlet. The SRT is typically 3 to 8 days. A solids separation stage is required after the 
activated sludge basin.  

The removal efficiencies are the function 
of the sludge residence time. Typical 
BOD5 removal efficiency is 85 to 95%.  

• Resistant to filamentous growths. 
• Easy to achieve high effluent DO. 
 

• Susceptible to shock loads. 
 

Conventional 
Activated 
Sludge, 
Complete Mix 

The complete mix activated sludge basin is one continuous stirred tank reactor (CSTR). Wastewater is 
distributed uniformly throughout, and a low concentration of biodegradable matter is maintained within. 
The operating characteristics of MLSS, respiration rate, and the soluble BOD5 are uniform throughout. 
The solids residence time (SRT) is typically 3 to 8 days (seldom exceeds 15 days). A solids separation 
of mixed liquor is required. 

The removal efficiencies are the function 
of the sludge residence time. Typical 
BOD5 removal efficiency is 85 to 95%. 

• Ability to handle shock loads. 
• Control of DO in the reactor is simple. 

• Stimulates filamentous growths. 
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TABLE 5-1 
Wastewater Treatment Process Components 

Unit Process Process Description Process Performance Advantages Disadvantages 

Oxidation Ditch The oxidation ditch consists of a ring- or oval-shaped channel and is equipped with mechanical aeration 
devices. Wastewater and mixed liquor are circulated around the channel by brushes, rotors, or other 
mechanical aeration devices and /or pumping equipment located at one or more points along the flow 
circuit. As mixed liquor passes the aerator, the DO concentration is sharply raised but then declines as 
the flow traverses the circuit. Oxidation ditches typically operate in an extended aeration mode with long 
HRT (24 hours) and SRT (20 to 30 days). Nitrification and denitrification are also possible in the system. 
The solids separation of mixed liquor is provided in separate or intrachannel clarifiers and mixed liquor 
returned to the ditch. The oxidation ditch is widely used in small communities or where large area of land 
is available.  

Oxidation ditch can produce good quality 
effluent, with possible nitrogen removal. 
BOD5 removal is 75 to 95%, nitrogen 
removal can be up to 90%, and 
phosphorus removal can be up to 50%. 

• Operation is simple 
• Reliable performance over a wide range of 

flow, load and water characteristics 

• Overall cost is effective 
• Low sludge production, and the sludge is very 

stabilized 

• Requires large space. 
• Could be the large odor source due to the 

large surface and possible anoxic and 
anaerobic conditions. 

Extended 
Aeration 

An extended aeration activated sludge system is similar to the conventional plug-flow process except 
that it utilizes a long SRT, typically 20 to 30 days, to assist in the stabilization of resulting biosolids along 
with the soluble organic matter. The biomass in the extended aeration basin is maintained in the 
endogenous respiration phase, which will reduce quantities of solids to be disposed of and provide 
greater process stability. Under this condition, low organic loading, high MLSS, and more oxygen are 
required. This unit process is typically used at small communities, package plants, and where nitrified 
element is required. 

Process is flexible. Nitrification and 
denitrification are possible. Typical BOD5 
removal efficiency is 75 to 95%. 

• Effective over a wide range of flow and loads  
• Low sludge production, and the sludge is very 

stabilized 
 

• Requires large space. 

• Requires more energy for aeration. 
• Performance is likely affected by cold 

temperature if the basins are open. 
• Has problems of continuous loss of pinpoint 

floc and the tendency to lose MLSS following 
short-term periods of low influent loading 
intensity. 

Sequencing 
Batch Reactor 
(SBR) 

A sequencing batch reactor is a fill-and-draw, complete mix activated sludge treatment system. The 
aeration, biological activities, and sedimentation involved in the SBR are identical to the conventional 
activated sludge system, except all processes are carried out sequentially in the same tank in SBR. 
Discrete cycles are used during prescribed, programmable time intervals, and MLSS remains in the 
reactor during all cycles. A cycle includes the filling of the tank, a reaction period for the biological 
treatment, a settling period where biomass settles, a draw period for the removal of treated effluent, and 
an idle period where the reactor is ready to receive influent. SBR is typically used in small communities 
where land is limited.  

With the appropriate control, the 
treatment with SBR is comparable to the 
treatment level of conventional activated 
sludge. Typical BOD5 removal efficiency 
is 85 to 95%. 

• Process is flexible and can remove nitrogen 
and phosphorus. 

• High tolerance for peak flows and shock 
loadings. 

• Eliminates a secondary clarifier and RAS 
pumping. 

• Minimizes MLSS washout during peak flow 
events. 

• Less process control. 
 

Membrane 
Bioreactor 
(MBR) 

Membrane Bioreactors (MBR) are a combination of suspended growth activated sludge with immersed 
membrane equipment, with the latter performing the critical solids/liquid separation function that is 
traditionally accomplished using secondary clarifiers. The membrane-type filtration units are either 
placed directly in an activated sludge basin, or in a separate tank where the mixed liquor from the 
activated sludge basin is filtered. This process requires the fine screening and adequate grit removal 
upstream to protect the membrane. It is able to operate with high mixed liquor suspended solids levels 
(1 to 1.5%), due to the efficiency of the membrane units. The mixed liquor around the membrane units is 
highly aerated, and high in dissolved oxygen. The primary drivers for MBRs to date have been for 
facilities requiring water quality for reuse, and/or facilities with significant land area restrictions. 

Excellent effluent quality can be obtained 
using MBR Effluent TSS is below 1 mg/L, 
and effluent Total Phosphorus is below 
0.2 mg/L with chemical addition.  

 

 

• Produces superb quality effluent. 
• Sludge production is reduced. 

• Requires a compact footprint. 
• Processes are easily automated to reduce the 

operation. 
• A barrier against pathogens, such as the 

chlorine-resistant organisms, Cryptosporidium 
and Giardia, is provided. 

• Requires more energy for pumping and 
aeration than conventional activated sludge 
process. 

• The overall cost is high. 
• Membrane design is proprietary. 
• Susceptible to the wide range of flow 

variation. 

Rotating 
Biological 
Contactor 
(RBC) 

A rotating biological contactor (RBC) is an attached growth bioreactor containing circular-shaped 
corrugated plastic media mounted on a horizontal shaft. The media is partially submerged (typically 
40%) in the wastewater and rotates at a speed of 1 to 2 rpm by either a mechanical or compressed air 
drive. Microorganisms grow on the media and provide for the removal of soluble organic matter and 
conversion of ammonia to nitrate. The rotation of the RBC provides for the media to be alternately 
exposed to wastewater and the atmosphere providing the required oxygen transfer. The rotation of RBC 
is also the mechanism for removing excess solids from the media by shearing forces it creates and 
maintaining the sloughed solids in suspension so they can be carried from the unit to a clarifier. RBCs 
are used for the treatment of both municipal and industrial wastewater, typically at smaller installations. 

RBCs effluent BOD5 characteristics are 
comparable to well-operated activated 
sludge processes. Where nitrification is 
required, RBCs can be used to provide 
combined treatment for BOD5 and 
ammonia nitrogen or to provide separate 
nitrification of secondary effluent. The 
typical BOD5 removal is 80 to 85%, and 
effluent ammonia-nitrogen is less than 
2 mg/L. 

• Requires less land area than activated sludge 
system. 

• Reliable performance. 
• Ability to handle shock loads. 
• Low energy cost. 
 

• Excessive organic loading or insufficient 
aeration may cause the odor problem. 

• Organic overloading, insufficient rotational 
speed may cause excessive biomass buildup 
on media, resulting in structural damage to 
shafts or media, or uneven shaft rotation. 
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TABLE 5-1 
Wastewater Treatment Process Components 

Unit Process Process Description Process Performance Advantages Disadvantages 

Trickling Filter 
(TF) 

A tricking filter is an aerobic attached growth bioreactor in the shape of a tower. The media utilized for 
the biofilm growth is either rock, redwood, or various forms of plastic media. The primary objective of a 
TF is the removal of soluble organic matter and the oxidation of ammonia to nitrate. The wastewater is 
introduced at the top of the tower, and uniformly applied to the media through rotating distribution 
mechanisms. The surface of the media quickly becomes coated with bacteria. The wastewater travels 
through the air-filled media with the retention time of 8 to 20 minutes, and into an underdrain system. As 
the wastewater travels through the system, the attached biofilm provides the required treatment. To 
achieve aerobic condition, oxygen is supplied from the natural or forced circulation of air through 
interstices in the filter media. Oxygen transfer may be direct or by diffusion through the liquid films. A TF 
is typically used in small to medium sized systems requiring minimal operating expense. 

TFs typically have a lower performance 
level than the suspended growth 
technologies and are used in roughing 
treatment or applications with effluent 
limits of 30 to 45 mg/L BOD5 and TSS. 
However, with the proper design and 
operation, TFs can also achieve the 
performance level of suspended growth 
system. Typical BOD5 removal efficiency 
is 65 to 85%.  

• Requires less land area than activated sludge 
system. 

• Low energy cost. 
• Ability to perform nitrification and produce low 

effluent nitrogen.  

• Often allows the existence of nuisance 
organisms such as flies and snails. 

• Excessive organic loading or insufficient 
ventilation may cause the odor problem 

 

DISINFECTION TREATMENT 

Ultraviolet (UV) 
Radiation 
Open System 
Disinfection 

The purpose of disinfection is inactivation of enteric bacteria, and viruses that pass through secondary 
treatment systems to protect public health. UV disinfection is a physical disinfection method, which 
utilizes the UV light at a wavelength of 254 nanometers (nm) to penetrate the cell wall and cause 
photochemical damage to the DNA and RNA of the cells. While certain chemical compounds may be 
altered by UV exposure, the energy levels used are generally too low to significantly alter existing water 
quality constituents.  

In the open channel UV system, lamp banks are arranged in series and oriented either horizontal and 
parallel-to-flow, or vertical and perpendicular-to-flow. Certain flow control devices have to be used to 
control the water level along the UV channel to keep the lamps submerged all the time. The majority of 
existing low-pressure low-intensity UV installations use open channel configuration. Many open-channel 
low-pressure high-intensity UV systems are popular in wastewater treatment. The enclosed chamber 
low-pressure high-intensity UV systems have been used for water treatment.  

UV disinfection is very effective for both 
secondary effluent discharge disinfection 
and the reclaimed water disinfection. 

• No chemical needed, so eliminates the heath 
and safety issues related to the chlorine use. 

• Requires small space due to the extremely 
short contact time. 

• Simplicity of operation. 
• No disinfection byproducts.  

• High capital cost and possibly high operation 
and maintenance costs compared to chemical 
disinfection. 

• Susceptible to the process upset and change 
of water quality. 

• Does not provide a residual similar to 
chlorine. 

 

Ultraviolet (UV) 
Radiation 
Closed System 
Disinfection 

UV disinfection systems are in three different designs: open channel, closed chamber, and in-line tube. 
The theory of disinfection is the same for all configurations. Closed chamber and tube designs are not as 
common as the open channel UV systems in wastewater treatment. The closed low pressure low 
intensity systems are rarely considered in the wastewater disinfection design. The closed low pressure 
high-intensity systems are usually used in water treatment. The medium pressure high intensity UV 
systems are closed chamber or in-line designs. In the closed systems, the lamps are housed in the 
enclosed chamber or tube and fully submerged at all times. The whole reactor is operated under 
pressure. 

UV disinfection is very effective for both 
secondary effluent discharge disinfection 
and the reclaimed water disinfection. 

• No chemical needed, so eliminates the heath 
and safety issues related to the chlorine use. 

• Requires small space due to the extremely 
short contact time. 

• Simplicity of operation. 
• No disinfection byproducts.  

• High capital cost and possibly high operation 
and maintenance costs compared to chemical 
disinfection. 

• Susceptible to the process upset and change 
of water quality. 

• Does not provide a residual similar to 
chlorine. 

Chlorination 
and 
Dechlorination 
Gas System 

Chlorination is the established disinfection technique for the disinfection of wastewater. Systems can be 
designed to utilize chlorine gas or sodium hypochlorite solution.  

Chlorine is a strong oxidant that is effective against a broad range of bacteria and some viruses. 
Chlorine is generally stored onsite in liquid form in 1-ton containers, tank railcars, or dedicated storage 
vessels. Gas may be withdrawn directly from the storage container or liquid can be withdrawn and 
evaporated to obtain high quantities of gas. When dissolved into the liquid stream, hydrolysis and 
ionization take place to form hypochlorous acid and hypochlorite ions, which are the effective 
disinfectants. Sulfur dioxide gas is often used for dechlorination because the equipment involved and 
process control is very similar to that of chlorine gas. Both chemicals are highly hazardous chemicals, 
therefore, the systems are regulated and applications avoided in current plant designs. 

Chlorine gas has a well-established 
history of performance for wastewater 
disinfection. It has good disinfection 
efficiency. Its toxicity prompted the need 
of modifying and abandoning the existing 
systems. 

• Ability to handle process upset. 
• Low overall cost. 
• Can provide chlorine residual to control bio-

growth in the transmission system. 
 

• Hazardous chemical transportation, storage 
and handling bring health and safety 
concerns. 

• Subject to extensive regulatory requirements. 
• May produce the disinfection byproducts that 

are harmful to the public health. 

Chlorination 
and 
Dechlorination 
Liquid System 

Sodium hypochlorite is the widely used liquid chemical in the chlorination system. As a chlorine-based 
product, hypochlorite functions the same as dissolved chlorine gas for disinfection. As a liquid, the 
chemical is stored in tanks and pumped to the application point, more like other common wastewater 
treatment chemicals. The hypochlorite solution is corrosive but not toxic, therefore, it does not require 
the emergency scrubber system or many strict regulations. Sodium bisulfite solution rather than sulfur 
dioxide is typically used for dechlorination when using hypochlorite for disinfection. Sodium bisulfite’s 
storage, handling, use and equipment requirements are similar to those of hypochlorite. The liquid 
chlorination and dechlorination system using hypochlorite and sodium bisulfite have seen greater use 
recently due to the public and employee safety concerns with chlorine gas.  

Hypochlorite is a strong oxidant as 
chlorine and has same disinfection 
efficiency as chlorine. The handling of the 
solution is easier and simpler than 
chlorine gas.  

• Minimizes the public health and safety 
concerns on the hazardous chemicals.  

• Ability to handle process upset. 

• Low capital cost. 
• Can provide chlorine residual to control bio-

growth in the transmission system. 

• The sodium hypochlorite solution is more 
expensive and more corrosive than chlorine 
gas. 
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TABLE 5-1 
Wastewater Treatment Process Components 

Unit Process Process Description Process Performance Advantages Disadvantages 

SOLIDS HANDLING (THICKENING AND DEWATERING) 

Gravity 
Thickening 

Gravity thickening is accomplished in a tank similar in design to a conventional sedimentation tank. 
Normally, a circular tank is used. Dilute sludge is fed to a center-feed well. The feed sludge is allowed to 
settle and compact, and the thickened sludge is withdrawn from the bottom of the tank. Conventional 
sludge-collecting mechanisms with deep trusses or vertical pickets are used to stir the sludge gently, 
thereby opening up channels for water to escape and promoting densification. Gravity thickening is most 
effective on primary sludge. The presence of biological solids, particularly WAS, typically results in lower 
capture rates and lower underflow solid concentrations. Provisions for dilution water and occasional 
chlorine addition are frequently included to improve process performance. 

The performance of gravity thickener 
varies with the type of sludge. Solids 
concentration of the thickened primary 
sludge by the gravity thickener is 5 to 
10%. Solids concentration of the 
thickened WAS by the gravity thickener is 
to3%.  

• Simple operation, requiring little operator 
attention. 

• Provides some equalization and storage of 
solids in addition to concentration. 

• Conditioning chemicals are not typically 
required. 

• Minimal power consumption. 

• Has potential odor problem. 
• Thickened solids concentration limited for 

WAS. 

• High space requirement for WAS. 

Gravity Belt 
Thickening 
(GBT) 

Gravity belt thickening (GBT) is a solids-liquid separation process that involves the concentration of 
sludge as its free water drains through a porous horizontal belt. The process relies on coagulation and 
flocculation of solids in a dilute slurry and drainage of free water from the slurry through a moving fabric-
mesh belt. The equipment consists of a gravity belt that moves over rollers driven by a variable-speed 
drive unit. The sludge is conditioned with polymer and fed into a feed/distribution box at one end. The 
box is used to distribute the sludge evenly across the width of the moving belt as the water drains 
through and the sludge is carried toward the discharge end of the thickener.  

It is essentially a modification of the upper gravity drainage zone of the belt filter press. GBT has been 
used on a variety of solids having initial solids concentrations as low as 0.4 percent up to 8.0 percent. 
GBTs are particularly suitable for the thickening of WAS prior to digestion.  

The process is polymer-dependent and 
can achieve 95% or greater solids 
capture.  

• Relatively low space requirements. 
• Low power usage. 
• Moderate capital costs compared to other 

thickening processes. 
• Provides flexible control capability for process 

performance. 

• Good performance on a variety of solids. 

• Generally requires moderate dosages of 
polymer. 

• May produce odors and may require 
enclosure and odor control. 

• May have fairly large variations in thickened 
solids concentration with fluctuations in 
characteristics of feed solids. 

Centrifuge 
Thickening 

In a centrifuge system, sludge is fed at a constant flowrate into the rotating bowl, where it separates into 
a dense sludge containing the solids and a dilute stream called centrate. Separation results from the 
centrifugal force-driven migration of the SS particles through the suspended liquid toward or away from 
the axis of rotation of the centrifuge, depending on the density difference between the liquid and solid 
phases. The centrate contains fine, low-density solids and is returned to the wastewater treatment 
system. The dense sludge is discharged from the bowl by a screw feeder into a hopper or onto a 
conveyor belt. Centrifuges have been used to thicken and dewater a variety of different biosolids. Their 
performance varies depending on the solids concentration coming into the centrifuge and the amount of 
polymer used. 

Centrifuges have historically required a substantial level of maintenance. Frequent repairs and 
considerable downtime have been common. However, with recent advances, modern centrifuges are 
much more reliable than in the past. Centrifuges also may require a significant amount of flocculant aid. 
Because centrifuges are totally enclosed, odors are usually minimal. Centrifuge thickening is usually 
used at larger facilities where space is limited and skilled operators are available, or for sludge that is 
difficult to thicken by more conventional means.  

High solids capture (~95%) providing 
polymer is used. 

• Contained process minimizes housekeeping 
and odor considerations. 

• Continuous operation provides flexible control 
capability for process performance. 

• Moderate or high thickened solids 
concentration. 

• Relatively small area requirements. 

• Low operator attention requirements. 
• May be used without polymer for thickening. 

• High capital cost. 
• Requires skilled maintenance personnel and 

a fairly high level of maintenance. 

• Relatively high power requirements. 
• Moderate to high polymer requirements. 

Dissolved Air 
Flotation 
Thickening 
(DAF) 

Dissolved air flotation (DAF) thickening is used to concentrate biosolids that have more tendencies to 
float than to settle. DAF thickening is used primarily for WAS but also has been applied to aerobically 
digested solids. In the DAF process, air is added to incoming flow at a pressure in excess of 
atmospheric pressure. High pressure causes oxygen to dissolve into the flow stream. When the pressure 
is reduced as the flow enters the process tank, excess air is released from the solution as very small 
bubbles. The bubbles adhere to the suspended particles or become enmeshed in the solids matrix. The 
density of the solids-air aggregate is less than that of water causing it to float to the surface. Water 
drains from the float, increasing solids concentration. Float is continuously removed from the surface of 
the thickener by skimmers. Bottom collectors are also used to remove any settled solids or grit that may 
accumulate. 

To improve solids capture efficiency and reduce the size of the units, most DAF facilities use a flocculant 
aid. With respect to operation and maintenance, some attention is required to maintain chemical feed, 
recycle, and pressurization pumps, skimmers, and bottom solids removal equipment. Because of air 
entrainment in the float, there can also be difficulties in pumping the thickened biosolids if the correct 
pumps are not selected.  

The concentration of solids produced by 
DAF thickening of waste activated solids 
will vary but generally can be expected to 
be in the range of 3 to 5% solids by 
weight. Removal efficiency can be 95% 
or greater when flocculating chemicals 
are used. 

• Provides better solids-liquid separation 
(capture efficiency) than gravity thickening. 

• For WAS, yields higher solids concentration 
than gravity thickening. 

• Offers excellent solids equalization control. 
• Solids are maintained in aerobic condition, 

reducing potential odors. 
• Can remove grit from solids processing 

system. 
• Removes grease. 
• Relatively high solids loading rates are 

possible. 

• Operating cost for DAF are higher than for 
gravity thickening, especially for coagulants 
and power. 

• Has little solids storage capacity. 
• Thickened solids concentration is less than in 

a centrifuge or gravity belt thickener. 
• Requires more land than a centrifuge or 

gravity belt thickener. 
• Optimal performance requires expensive 

polymer addition, although many systems 
operate very well without polymer (size must 
double however). 
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TABLE 5-1 
Wastewater Treatment Process Components 

Unit Process Process Description Process Performance Advantages Disadvantages 

Belt Filter 
Press 
Dewatering 
(BFP) 

Belt filter presses (BFPs) are commonly used for dewatering biosolids. In any BFP, there are four basic 
stages: chemical conditioning of the feed slurry, gravity drainage to a nonfluid consistency, preparing the 
solids for further shearing in the wedge section, and compaction and shearing of the biosolids. The 
success of the process depends on the type and amount of polymer used and adequate mixing. In the 
gravity drainage stage, the conditioned solids are discharged onto a moving belt. Typically, 1 to 
2 minutes are required and solids are reduced in volume by about 50 percent to a solids concentration of 
about 6 to 10 percent. In the final stage, the solids are subjected to an increase in pressure, usually by 
the compression and shearing of the solids between the carrying belt and a cover belt. A considerable 
amount of washwater is required to keep the belts clean. Typically, secondary effluent or potable water 
is used for washwater.  

BFP performance is sensitive to incoming 
feed sludge characteristics. It can 
dewater the anaerobically digested 
primary sludge to 25 to 35% solids, the 
anaerobically digested primary sludge 
and WAS to 20 to 25% solids, and the 
anaerobically digested WAS to 12 to 20% 
solids.  

 

• Relatively low capital cost. 
• Relatively low power consumption. 
• High solids capture with minimum polymer 

requirements. 

• Continuous feed. 

• Moderate cake solids concentration. 
• Moderate throughput capabilities versus 

space requirement. 
• Open design provides good visual control 

capability for process performance. 

• Relatively high housekeeping required – 
containment is difficult. 

• Moderate operator attention requirements; 
larger installations may require continuous 
operator attention. 

• Odor potential due to filtrate splashing and 
lack of containment. 

• Downtime for replacement of parts. 
• Sensitive to incoming feed characteristics. 

Centrifuge 
Dewatering 

Centrifuges have been used to thicken a wide range of solids. Their operation is based on the 
application of centrifugal force to a liquid solids stream, which accelerates the separation of the liquid 
and solid fractions based on specific gravity differences. The process involves both clarification of the 
centrate stream and compaction of the solids. Solid bowl conveyor-type centrifuges are typically used to 
thicken and dewater municipal solids. 

Recently, technical advancements have developed what is referred to in the industry as a “high solids” 
centrifuge. These machines use a squeezing action and can produce biosolids cakes in the range of 24 
to 30% dry solids. Although greater cake solids contents can be produced from the high solids 
centrifuges, the penalty is 20% higher horsepower demands and up to double the polymer consumption. 
In addition, the higher polymer dose is believed to contribute to significant cake odors with some 
installations. 

Depending on the type of sludge, solids 
concentration in the cake from the 
centrifuge dewatering generally varies 
from 10 to 35%.  

• Contained process minimizes housekeeping 
and odor considerations. 

• Continuous operation provides flexible control 
capability for process performance. 

• Produces relatively dray sludge cake. 
• Relatively small area requirements. 

• Requires skilled maintenance personnel and 
a fairly high level of maintenance. 

• Moderately high suspended-solids content in 
centrate. 

• Relatively high power requirements. 
• Moderate to high polymer requirements. 

SOLIDS TREATMENT 

Aerobic 
Digestion 

Aerobic digestion is the biochemical oxidative stabilization of wastewater biosolids in open or closed 
tanks that are aerated. With the addition of oxygen and biological activity, organic matter is converted 
into cellular material and then, through endogenous respiration, to digested biosolids with the release of 
carbon dioxide and water. Because of its simplicity of operation and because it is less susceptible to 
upsets than anaerobic digestion, it became quite popular in the 1950s and 1960s. However, due to 
improvements in anaerobic digestion and high energy costs, today aerobic digestion is mostly used in 
small treatment facilities. 

Aerobic digestion can be either performed in a semi-batch or in a continuous flow mode of operation. 
The continuous mode is probably the most common and operates similarly to an activated solids 
process. Aerobically digested solids overflow to a solids-liquid separation process where the solids are 
thickened. A portion of the thickened solids is recycled to the aerobic digester and the remaining solids 
are removed for further processing. Aeration may be provided by mechanical surface aerators or by 
bubble diffusers at the bottom of the tank. Generally, the power requirement of aeration equipment is 
dictated by the mixing required to keep the solids in suspension rather than by the energy required to 
provide sufficient oxygen. Aerobically digested biosolids can be difficult to dewater mechanically. In 
addition, the dewatering properties of aerobically digested biosolids deteriorate with increasing solids 
age. 

The performance of aerobic digestion 
depends on the temperature, oxygen 
transfer, and tank design. It can typically 
achieve 35 – 50% volatile solids 
reduction. Aerobic digestion is classified 
as a Process to Significantly Reduce 
Pathogens (PSRP) for pathogen 
reduction, so it can produce Class B 
pathogen levels. 

• Relatively simple to operate. 
• Requires a small capital expenditure 

compared with anaerobic digestion. 
• Does not generate significant odors. 
• Reduces pathogenic organisms to Class B 

levels. 
• Reduces the quantity of grease and hexane 

solubles. 

• Reduces the respiration rate of solids. 

• High power requirements and operating costs. 

• Highly variable design parameters. 
• Variable performance based on temperature, 

location, and tank design. 
• Thickened biosolids have poor mechanical 

dewatering properties. 
• Large land area is required. 

• Useable methane is not produced. 
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TABLE 5-1 
Wastewater Treatment Process Components 

Unit Process Process Description Process Performance Advantages Disadvantages 

Conventional 
Anaerobic 
Digestion 

Conventional anaerobic digestion is a complex biochemical process in which several groups of 
anaerobic and facultative organisms simultaneously assimilate and break down organic matter in the 
absence of oxygen. Mesophilic anaerobic digestion involves operating temperatures ranging from 85 
degrees F to 100 degrees F (29 degrees C to 38 degrees C), which provides the optimal conditions for 
methane forming bacteria. The process is simple to operate and has proven reliability. The organic 
matter is converted into methane, carbon dioxide, water, and partially degraded intermediate organics. 
The digested biosolids are relatively stable compared to raw solids. Methane gas generated in the 
process is typically burned, and the heat produced by combustion is used to maintain the optimum 
temperature in the digester. 

The process is highly sensitive to variance of pH, temperature, and toxic materials, which will impact the 
rate of hydrolysis and methane formation. Digesters require a fairly high level of maintenance, which 
primarily includes periodic cleaning to remove build-up of inert solids, maintenance of equipment for 
collecting and using or wasting digester gas, and maintenance of boilers or a cogeneration system for 
heating the digesters. It has been widely used in many large WWTPs. 

Mesophilic anaerobic digestion can 
typically achieve 40 to 60% volatile solids 
reduction. It is classified by the EPA as a 
PSRP and has been demonstrated to 
consistently produce Class B pathogen 
levels. Vector attraction reduction is also 
achieved by a minimum of 38 percent 
volatile solids reduction in the digestion 
process.  

• Production of a valuable end-product, 
methane gas, that can be used to produce 
heat and electricity for the digestion process 
and other uses. 

• Relatively low operating costs. 
• The digested biosolids meet Class B 

pathogen levels and are suitable for reuse on 
land as a soil conditioner. 

• The mass of solids is reduced by volatile 
solids destruction. 

• No supernatant (single-stage). 
• Commonly used and well understood 

process. 

• Methane-producing bacteria are slow growing 
and sensitive to process upsets. 

• Digesters have high capital cost. 
• Relatively complex operation. 
• Potential risk from methane gas leak. 

• Dewaterability is less than raw solids. 
• Supernatant (two-stage) contains high 

concentrations of BOD, COD, SS, 
phosphorus and ammonia, therefore is 
difficult to treat. 

• Requires high level of maintenance. 

Lime 
Stabilization 

Lime stabilization of biosolids has been a practical stabilization method for many years. The basic 
approach is to elevate the pH of the biosolids by the addition of one of the several materials containing 
lime, either as calcium oxide (CaO - quicklime) or calcium hydroxide (Ca[OH]2 - hydrated lime). Lime 
stabilization can be used either before or after dewatering or as part of the dewatering process. Lime 
dose requirements range from 10 to 50 percent of the dry solids weight, depending on a number of 
factors. Adding calcium oxide (CaO) or quicklime generates high pH values. It also generates high 
temperatures exceeding 131 degrees F (55 degrees C) when added to dewatered biosolids. The high 
temperatures help destroy pathogens in the biosolids. However, high temperatures also volatilize 
ammonia, amines, and other odorous compounds from the biosolids. Therefore, lime stabilization 
systems typically incorporate extensive odor control systems. 

The objective of lime stabilization is to maintain the pH at a high enough level for a sufficient period of 
time to inactivate the microorganism population in the solids and control regrowth. Lime stabilization also 
prevents odors from re-developing. The EPA regulations dictate that the initial lime addition must 
maintain a pH of 12 or more for at least 2 hours to meet Class B pathogen levels. To meet the vector 
attraction reduction requirements set by the EPA, the above requirements for maintaining a pH of 12 for 
2 hours must be satisfied as well as maintaining the pH above 11.5 for the next 22 hours without the 
addition of more lime. To meet Class A stablilization requirements, the elevated pH is combined with 
elevated temperatures to 70 degrees C for 30 minutes, or other USEPA approved time-temperature 
processes. 

With appropriate control of pH, 
temperature and contact time, lime 
stabilization can produce Class B or even 
Class A biosolids with vector-attraction 
reduction.  

• Simplicity of operation. 

• Low capital cost. 
• Organic nitrogen content of biosolids is not 

significantly reduced. 
• High pH and temperature reduce pathogens 

and the odor potential of the biosolids 
product. 

• Addition of lime may be seen as a benefit if 
biosolids are land applied to acidic soils. 

• High operating cost due to chemical 
consumption. 

• The dry mass and volume of the biosolids 
may be increased considerably. 

• Difficult to handle chemicals. 
• Volatile solids are not oxidized; therefore, 

there is a risk of odors redeveloping. 
• Ammonia is released at high pH levels 

requiring odor control. 
• The release of ammonia reduces the biosolids 

nitrogen levels significantly. 
• Biosolids products with a high pH may have 

restricted uses. 
• Unlike anaerobic digestion, useable methane 

is not produced. 
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hydraulic capacity will be 3.1 mgd. The treatment capacity will be confirmed prior to design 
with the forthcoming flow monitoring data. 

The treatment process design criteria are based on the historical influent flow and load data, 
along with assumed values for various parameters not typically measured at the Blaine 
WWTP. From the historical flow and load data, the resulting wastewater parameter 
concentration is determined. From this concentration, with the design flow rates, the 
associated average annual and maximum month loads were calculated. Assumed 
concentration values were used from industry standard design manuals, cited on Table 5-3. 
Table 5-3 includes the treatment design criteria flow and loadings for the proposed 
Lighthouse Point WRF.  

TABLE 5-3 
Water Reclamation Facility Design Criteria – Influent Flow and Loadings 

Influent Parameter 

Average Annual Load 
(1.0-mgd) 

lbs/d 
Maximum Month Load (1.55-

mgd), lbs/d 

BOD5 (1) 1,918 (230 mg/L) 2,120 (164 mg/L) 

TSS (1) 1,768 (212 mg/L) 2,030(157 mg/L) 

VSS (2) 1,326 (159 mg/L) 1,525 (118 mg/L) 

TKN (3) 359 (43 mg/L) 556 (43 mg/L) 

NH3 
(3) 250 (30 mg/L) 388 (30 mg/L) 

Alkalinity (as CaCO3) (2) 1,668 (200 mg/L) 2,585 (200 mg/L) 

Temperature (°C) (4) 13  13 
1. Based on Annual Average values, 1998 – 2002; Maximum Month, 1998 – 2002, see Table 4-3. 
2. VSS assumed to be 75 percent of TSS, Alkalinity concentrations for strong and medium wastewater (Metcalf & Eddy, 

1991). 
3. Limited sampling at the Blaine WTTP for NH3 and TKN. Assumed TKN and NH3 values based on typical domestic 

wastewater values (Metcalf & Eddy, 1991). 
4. Temperature is assumed. 

As noted, the values within Table 5-3 are based on historical data. The historical data set for 
NH3 is relatively small, and may not provide a typical representation of the influent 
wastewater. To size the treatment processes in this facility plan evaluation, typical domestic 
wastewater concentrations for TKN and NH3 will be used for the average annual and 
maximum month flow to determine the design loadings for these parameters. 

The effluent water quality requirements of the NPDES permit for the existing outfall to the 
Puget Sound and the plant effluent data form the effluent design criteria to be used for the 
proposed Lighthouse Point WRF. Table 5-4 summarizes the NPDES permit requirements.  
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TABLE 5-4 
Current NPDES Permit Effluent Limitations 

Parameter Average Monthly Average Weekly (1) 

Biochemical Oxygen Demand, 5 day (BOD5) 30 mg/L, 200 lbs/day 45 mg/L, 300 lbs/day 

Total Suspended Solids (TSS) 30 mg/L, 200 lbs/day 45 mg/L, 300 lbs/day 

Fecal Coliform Bacteria 200/100 mL 400/100 mL 

pH Daily minimum is equal to or greater that 6, and the daily 
maximum is less than or equal to 9 

Total Residual Chlorine (if Water Quality 
Based) (1) 

0.35 mg/L, 2.3 lbs/day 0.9 mg/L, 6.0 lbs/day 

1 Total Residual Chlorine is based on an Average Monthly and Maximum Daily value. 

To continually meet the required NPDES permit limitations on a monthly and weekly basis, 
the WRF will be sized to provide effluent wastewater concentrations below those required 
within the permit. 

Design Criteria 
The design criteria for the treatment configuration alternatives is presented on Table 5-5. 
These criteria are used to size the unit processes included within the alternative evaluation. 

Treatment Alternative Descriptions 
For a definition and evaluation of the treatment alternatives, refer to the Process 
Components Evaluation. A description and summary of the treatment alternatives follows: 

Alternative 1 – Conventional Activated Sludge with UV Disinfection 
Alternative 1 consists of the following unit processes: 

• Preliminary treatment using coarse screening and grit removal. 

• Secondary treatment using conventional activated sludge technology with anoxic 
selection. 

• Disinfection using UV irradiation. 

• Solids handling consisting of storage and thickening. 

Alternative 2 – Conventional Activated Sludge with Liquid Chlorine Disinfection and 
Dechlorination 
Alternative 2 consists of the following unit processes: 

• Preliminary treatment using coarse screening and grit removal. 

• Secondary treatment using conventional activated sludge technology with anoxic 
selection. 

• Disinfection using liquid chlorine disinfection with dechlorination system. 

• Solids handling consisting of storage and thickening. 
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Alternative 3 – Sequencing Batch Reactor with UV Disinfection 
Alternative 3 consists of the following unit processes: 

• Preliminary treatment using coarse screening and grit removal. 
• Secondary treatment using SBR activated sludge technology. 
• Disinfection using UV irradiation. 
• Solids handling consisting of storage and thickening. 

Alternative 4 – Sequencing Batch Reactor with Liquid Chlorine Disinfection and Dechlorination 
Alternative 4 consists of the following unit processes: 

• Preliminary treatment using coarse screening and grit removal. 
• Secondary treatment using SBR activated sludge technology. 
• Disinfection using liquid chlorine disinfection with dechlorination system. 
• Solids handling consisting of storage and thickening. 

Alternative 5 – Extended Aeration Activated Sludge with UV Disinfection 
Alternative 5 consists of the following unit processes: 

• Preliminary treatment using coarse screening and grit removal. 
• Secondary treatment using extended aeration activated sludge technology. 
• Disinfection using UV irradiation. 
• Solids handling consisting of storage and thickening. 

Alternative 6 – Extended Aeration Activated Sludge with Liquid Chlorine Disinfection and 
Dechlorination 
Alternative 6 consists of the following unit processes: 

• Preliminary treatment using coarse screening and grit removal. 
• Secondary treatment using extended aeration activated sludge technology. 
• Disinfection using liquid chlorine disinfection with dechlorination system. 
• Solids handling consisting of storage and thickening. 

Alternative 7 – Membrane Bioreactor with UV Disinfection 
Alternative 7 consists of the following unit processes: 

• Preliminary treatment using fine screening and grit removal. 
• Secondary treatment using membrane bioreactor technology. 
• Disinfection using UV irradiation. 
• Solids handling consisting of storage, thickening, and dewatering. 
• Solids treatment including aerobic digestion for sludge stabilization. 

Alternative 7A – Membrane Bioreactor with UV Disinfection 
Alternative 7A consists of the following unit processes: 

• Preliminary treatment using fine screening and grit removal. 
• Secondary treatment using membrane bioreactor technology. 
• Disinfection using UV irradiation. 
• Solids handling consisting of storage and thickening. 
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Alternative 8 – Membrane Bioreactor with Liquid Chlorine Disinfection and Dechlorination 
Alternative 8 consists of the following unit processes: 

• Preliminary treatment using fine screening and grit removal. 
• Secondary treatment using MBR technology. 
• Disinfection using liquid chlorine disinfection and dechlorination. 
• Solids handling consisting of storage and thickening. 

Alternative 9 – Fixed-Film Secondary Treatment and UV Disinfection 
Alternative 9 consists of the following unit processes: 

• Preliminary treatment using fine screening and grit removal. 
• Secondary treatment using fixed-film secondary treatment technology. 
• Disinfection using UV irradiation. 
• Solids handling consisting of storage and thickening. 

Alternative 10 – Fixed-Film Secondary Treatment and Liquid Chlorine Disinfection with 
Dechlorination 
Alternative 10 consists of the following unit processes: 

• Preliminary treatment using fine screening and grit removal. 
• Secondary treatment using fixed-film technology. 
• Disinfection using liquid chlorine and dechlorination. 
• Solids handling consisting of storage and thickening. 

Alternative Evaluation Results 
The preliminary design criteria and sizing requirements are used to develop and evaluate 
the proposed treatment alternatives. The treatment process configurations are established 
using the process model developed by CH2M HILL (Pro2D). Pro2D is a steady-state refined 
stoichiometric process tool that is integrally linked to other kinetic models. The procedures, 
calculations, and algorithms used within Pro2D are consistent with those recommended by 
the International Water Association (IWA). The process model results are supplemented 
with sizing information from equipment manufacturers as required.  

The results of the evaluation of the treatment process configurations for the proposed 
Lighthouse Point WRF are presented on Table 5-6. 

5.2.3 Treatment Requirements Summary 
The values listed within the results of the process evaluation provide the information 
required for the monetary and nonmonetary evaluation presented in Chapter 6. The 
treatment configuration to be utilized for the proposed Lighthouse Point WRF will need to 
meet the effluent goals with the given capacity requirements, and accommodate the 
aesthetic and area requirements allowed in the selected WRF location. The limited area 
available will preclude some treatment configurations from being the recommended 
alternative. The effluent goals for the majority of alternatives are set to achieve the existing 
NPDES permit limitations, but as noted in the General Sewer Plan, a local CWAC meeting 
recommended the use of a treatment process able to provide a high-quality effluent. Each 
alternative presented will be evaluated on these and other criteria. The cost opinions and  
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TABLE 5-5 
Lighthouse Point WRF – Treatment Configuration Alternative Design Criteria 

Parameters Units Design Criteria Values 

  Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 Alternative 6 Alternative 7 Alternative 7A Alternative 8 Alternative 9 Alternative 10 

Preliminary Treatment 

Screening mgd            

Coarse Screen mgd 3.1 (1 unit off-line) 3.1 (1 unit off-line) 3.1 (1 unit off-line) 3.1 (1 unit off-line) 3.1 (1 unit off-line) 3.1 (1 unit off-line)      

Fine Screen mgd       3.1 (1 unit off-line) 3.1 (1 unit off-line) 3.1 (1 unit off-line) 3.1 (1 unit off-line) 3.1 (1 unit off-line) 

Grit Removal mgd 3.1 (1 unit off-line) 3.1 (1 unit off-line) 3.1 (1 unit off-line) 3.1 (1 unit off-line) 3.1 (1 unit off-line) 3.1 (1 unit off-line) 3.1 (1 unit off-line) 3.1 (1 unit off-line) 3.1 (1 unit off-line) 3.1 (1 unit off-line) 3.1 (1 unit off-line) 

Secondary Treatment - CAS 

MLSS mg/L 1,500 to 3,500 1,500 to 3,500          

SRT days 8 to 10 8 to 10          

RAS Rate -- 0.5 to 0.75 Q 0.5 to 0.75 Q          

MLR Rate -- 1 to 5 Q 1 to 5 Q          

SVI -- 150 150          

Peak Clarifier SOR gpd/sf 1,200 1,200          

Secondary Treatment - SBR 

MLSS (at low water level)    3,500 to 6,000 3,500 to 6,000        

Oxic SRT    8 to 15 8 to 15        

HRT (at low water level)    18 18        

Secondary Treatment - Extended Aeration 

MLSS mg/L     1,500 to 3,500 1,500 to 3,500      

SRT days     8 to 10 8 to 10      

RAS Rate --     0.5 to 0.75 Q 0.5 to 0.75 Q      

SVI --     150 150      

Peak Clarifier SOR gpd/sf     1,200 1,200      

Secondary Treatment - MBR 

MLSS mg/L       8,000 to 12,000 8,000 to 12,000 8,000 to 12,000   

SRT days       8 to 25 8 to 25 8 to 25   

MLR Rate --       4 Q 4 Q 4 Q   

Design Flux Rate @ 10.5 C gfd       12 to 14 12 to 14 12 to 14   

Secondary Treatment - RBC 

First Stage SOL lbs 
BOD/1,000 sf 

         ≤ 5 ≤ 5 

Total Stage SOL lbs 
BOD/1,000 sf 

         ≤ 2 ≤ 2 
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TABLE 5-5 
Lighthouse Point WRF – Treatment Configuration Alternative Design Criteria 

Parameters Units Design Criteria Values 

  Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 Alternative 6 Alternative 7 Alternative 7A Alternative 8 Alternative 9 Alternative 10 

Peak Clarifier SOR gpd/sf          ≤ 1,100 (Peak Hour)

≤ 700 (Max Month) 

≤ 1,100 (Peak Hour)

≤ 700 (Max Month) 

Disinfection 

Disinfection - UV Irradiation             

 mgd 3.1 (1 unit off-line)  3.1 (1 unit off-line)  3.1 (1 unit off-line)  3.1 (1 unit off-line) 3.1 (1 unit off-line)  3.1 (1 unit off-line)  

Disinfection - Chlorination/Dechlorination            

Chlorine Contact Time min.  20 (Peak Flow)  20 (Peak Flow)  20 (Peak Flow)   20 (Peak Flow)  20 (Peak Flow) 

Chlorine Contact Time min.  60 (Avg Flow)  60 (Avg Flow)  60 (Avg Flow)   60 (Avg Flow)  60 (Avg Flow) 

Design Dosage mg/L  2 – 8  2 – 8  2 – 8   2 – 8  2 – 8 

Solids Handling 

Thickening             

Solids Capture % 95 95 95 95 95 95 95 95 95 95 95 

Thickened Sludge 
Concentration 

mg/L 60,000 60,000 60,000 60,000 60,000 60,000 60,000 60,000 60,000 60,000 60,000 

Operation - Daily hrs/day 8 8 8 8 8 8 8 8 8 8 8 

Operation - Weekly days/week 5 5 5 5 5 5 5 5 5 5 5 

Dewatering             

Solids Capture %       95     

Thickened Sludge 
Concentration 

%       18     

Operation - Daily hrs/day       8     

Operation - Weekly days/week       5     

Solids Treatment - Aerobic Digestion 

SRT days       10 – 15     

Temperature 0 F       50 – 104 
(Mesophilic) 

    

Solids Loading Rate lb VS/cf-day       0.10 – 0.30     

Volatile Solids Reduction %VSS       ≥ 38     

SOUR mg-02/g-VSS 
hour 

      < 1.5     
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TABLE 5-5 
Lighthouse Point WRF – Treatment Configuration Alternative Design Criteria 

Parameters Units Design Criteria Values 

  Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 Alternative 6 Alternative 7 Alternative 7A Alternative 8 Alternative 9 Alternative 10 

Typical Performance 

BOD mg/L <10 <10 <10 <10 <10 <10 <5 <5 <5 <10 <10 

TSS mg/L <15 <15 <15 <15 <15 <15 <5 <5 <5 <15 <15 

NH3 mg/L <1 <1 <1 <1 <1 <1 <1 <1 <1 -- -- 

TN mg/L -- -- -- -- -- -- -- <10 -- -- -- 

Fecal Coliform cfu/100mL <100 <100 <100 <100 <100 <100 <20 <20 <20 <100 <100 
MLSS = mixed liquor suspended solids   SOR = surface overflow rate 
SRT = solids residence time   SVI = sludge volume index 
HRT = hydraulic residence time   SOL = soluble organic load 
RAS = return activated sludge   SLR = solids loading rate 
MLR = mixed liquor return     SOUR = specific oxygen uptake rate 
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TABLE 5-6 
Lighthouse Point WRF – Treatment Configuration Alternative Evaluation Results 

Parameters Units Evaluation Results 

  Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 Alternative 6 Alternative 7 Alternative 7A Alternative 8 Alternative 9 Alternative 10 

Preliminary Treatment 

Screening             

(2) Coarse Screens mgd 3.1 – ½” Spacing 3.1 – ½” Spacing 3.1 – ½” Spacing 3.1 – ½” Spacing 3.1 – ½” Spacing 3.1 – ½” Spacing      

(2) Fine Screens mgd       3.1 – 2-mm Spacing 3.1 – 2-mm Spacing 3.1 – 2-mm 
Spacing 

3.1 – 2-mm 
Spacing 

3.1 – 2-mm 
Spacing 

Grit Removal             

(2) Aerated Grit Chambers mgd 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 

Secondary Treatment – CAS 

Aeration Basins – (2)             

MLSS mg/L 2,200 2,200          

Aerobic SRT days 9 9          

Anoxic SRT days 1.5 1.5          

RAS Rate -- 0.75 Q 0.75 Q          

MLR Rate -- 2 Q 2 Q          

Total Volume gal 1,100,000 1,100,000          

SVI -- 150 150          

Bower Capacity (1) scfm 4,660 4,660          

SWD ft 15 15          

Secondary Clarifiers – (2)             

Total Surface Area ft2 4,749 4,749          

Peak Clarifier SOR(2) gpd/ ft2 1,200 1,200          

SWD ft 15 15          

Secondary Treatment – SBR 

SBR – (2) Basins             

SRT days   10 10        

MLSS (at HWL) mg/L   3,000 3,000        

Total Volume gal   1,400,000 1,400,000        

SWD (at HWL) 18   18 18        

Blower Capacity (1) scfm   4,400 4,400        
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TABLE 5-6 
Lighthouse Point WRF – Treatment Configuration Alternative Evaluation Results 

Parameters Units Evaluation Results 

  Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 Alternative 6 Alternative 7 Alternative 7A Alternative 8 Alternative 9 Alternative 10 

Secondary Treatment – Extended Aeration 

Aeration Basins – (2)             

MLSS mg/L     2,800 2,800      

Aerobic SRT days     20 20      

RAS Rate --     0.5 Q 0.5 Q      

Total Volume gal     1,500,000 1,500,000      

Bower Capacity (1) scfm     5,645 5,645      

SWD ft     15 15      

Secondary Clarifiers – (2)             

Total Surface Area ft2     6,633 6,633      

Peak Clarifier SOR(3) gpd/ft2     484 484      

SWD ft     17 17      

Secondary Treatment - MBR 

MBR – (2) Basins             

SRT days       12 12 12   

MLSS mg/L       9,017 9,017 8,700   

MLR Rate --       4 Q 4 Q 4 Q   

Total Volume gal       350,000 350,000 350,000   

Blower Capacity(4) scfm       6,890 6,890 6,736   

(Anoxic, Aerobic) SWD ft       12 12 12   

Secondary Treatment – RBC 

RBCs – (2) basins, 5 shafts 
per basin 

            

Total Media Surface Area m2          92,905 92,905 

First Stage SOL lbs 
BOD5/1,000 

ft2 

         5.3 5.3 

Total Stage SOL lbs 
BOD5/1,000 

ft2 

         2.1 2.1 

Secondary Clarifiers             

SOR (5) gpd/ ft2          653 653 
Total Surface Area ft2          4,749 4,749 

SWD ft          15 15 
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TABLE 5-6 
Lighthouse Point WRF – Treatment Configuration Alternative Evaluation Results 

Parameters Units Evaluation Results 

  Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 Alternative 6 Alternative 7 Alternative 7A Alternative 8 Alternative 9 Alternative 10 

Disinfection 

Disinfection - UV Irradiation             

UV Channels – (2)             

Peak Flow  3.1 (1 unit off-line)  3.1 (1 unit off-line)  3.1 (1 unit off-line)  3.1 (1 unit off-line) 3.1 (1 unit off-line)  3.1 (1 unit off-line)  

Disinfection - Chlorination/Dechlorination            

CCC – (2)             

Total CCC Volume ft3  5,760    5,760   5,760  5,760 

Chlorine Demand lbs/d  207  207  207   103  207 

Sodium Bisulfite Demand lbs/d  207  207  207   103  207 

Design Chlorine Dosage mg/L  8  8  8   4  8 

Solids Handling - Thickening 

Sludge Flow gpd 44,947 44,947 30,000 30,000 29,657 29,657 23,856 23,856 23,856 31,046 31,046 

Sludge Load lb/hr 78 78 2,550 2,550 66 66 75 75 75 2,588 2,588 

Solids Treatment - Aerobic Digestion 

Aerobic Digestion – (2) 
Tanks 

            

Total Volume gal       100,000     

SRT days       29.4     

Solids Loadings lb VS/cf-day       0.09     

SOUR mg-02/g-VSS 
hour 

      0.95     

Solids Handling - Dewatering 

        3,404     

        52     

1. Residual DO within CAS, SBR, and Extended Aeration bioreactors is 2.0 mg/L; SF = 2.0 on peak AOR demands to determine blower capacity. 
2. Accounts for reliability requirement of on unit treating 75% of peak hour flow (at 1,200 gpd/ft2 for CAS). 
3. Accounts for reliability requirement of on unit treating 75% of peak hour flow (at 500 gpd/ft2 for Extended Aeration). 
4. Residual DO within aerobic zones is 2.0 mg/L, DO within MBR zone is 4.0 mg/L; SF = 2.0 on peak AOR demands to determine blower capacity. 
5. Accounts for reliability requirement of on unit treating 75% of peak hour flow (at 1,100 gpd/ft2 for RBCs). 
 
MLSS = mixed liquor suspended solids  SOR = surface overflow rate 
SRT = solids residence time  SVI = sludge volume index 
HRT = hydraulic residence time  SOL = soluble organic load 
RAS = return activated sludge  SLR = solids loading rate 
MLR = mixed liquor return   SOUR = specific oxygen uptake rate 
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evaluation criteria are presented in Chapter 6, and the alternatives are ranked accordingly. 
The recommendation for the treatment configuration of the proposed Lighthouse Point 
WRF is presented in Chapter 7. 

From the evaluation of treatment alternatives, some observations are noted from the initial 
unit process sizing and design. 

• MBRs result in the smallest required volume for a secondary treatment process 
configuration. As noted on Table 5-6, the total bioreactor volume is 350,000 gallons, 
compared with the 1.1 to 1.5 Mgal volume required for the other activated sludge type 
alternatives. The MBRs also result in a lower level of disinfection to meet the permit 
requirements based on the higher quality effluent. 

• The alternatives utilizing extended aeration require the largest area for the suspended 
growth alternatives. The large bioreactor volume, together with the required clarifier 
surface area, result in a larger land area requirement, when compared to the other 
treatment alternatives. The actual area required for this alternative is developed in 
Chapter 6. Where the extended aeration system may prove cost-effective, however, is 
that the waste sludge will be at a higher level of stabilization than the majority of the 
other alternatives. This higher level of stabilization may reduce the final sludge disposal 
costs. 

• The CAS and SBR alternatives prove to be similar in size and volume requirements. The 
1.4-Mgal SBR system will be similar to the 1.0-Mgal system with the required secondary 
clarifiers included. 

• The RBCs evaluated for the fixed-film alternative are sized to accommodate the effluent 
goals included in the NPDES permit. The RBCs, however, are not sized to provide for 
nitrification. Additional RBC shafts can be included to provide nitrification, but the 
initial sizing is based strictly on meeting the existing NPDES permit. 

5.3 Conveyance Requirements 
Preliminary design and sizing requirements for the conveyance facilities required for the 
site location of the proposed Lighthouse Point WRF along Marine Drive have been 
developed. The conveyance requirements for the proposed Lighthouse Point WRF include 
an influent pump station and piping to convey wastewater from a proposed flow 
equalization basin to the plant headworks, and an effluent pump station and piping for 
discharge of treated effluent to the existing outfall in Semiahmoo Bay. Interfaces with 
existing infrastructure and current operations are identified and evaluated in terms of 
hydraulic capacity. 

The objective of this section is to determine the hydraulic capacity requirements for the 
conveyance facilities that are needed for the proposed Lighthouse Point WRF. Conveyance 
facilities and related infrastructure included in the evaluation are as follows: 

• Influent pump station 
• Effluent pump station 
• Yard piping 
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• Existing force main along Semiahmoo Spit 
• Intertie to existing outfall in Semiahmoo Bay 

Sizing requirements for the conveyance facilities associated with the proposed Lighthouse 
Point WRF and interties with the existing infrastructure are developed using the hydraulic 
design capacity requirements for the proposed Lighthouse Point WRF presented previously 
in Chapter 4. 

5.3.1 Hydraulic Capacity of Lighthouse Point WRF 
The hydraulic capacity requirements for the proposed Lighthouse Point WRF that were 
developed earlier as part of Chapter 4 are summarized on Table 5-7. Also included in the 
table are the peak flow rates during wet weather conditions following flow equalization. 
Projected wet weather flows for the City in year 2023 were used in conjunction with 
optimized flow equalization volume to establish the hydraulic capacity for the proposed 
Lighthouse Point WRF necessary to handle flow-equalized wet weather peak flow 
conditions.  

As shown on Table 5-7, the proposed Lighthouse Point WRF to be located at Lighthouse 
Point will be sized with sufficient hydraulic capacity to treat a peak flow of 3.1 mgd. This 
value is based on a wet weather peak hour flow rate of 7.14 mgd that is anticipated for the 
entire City in year 2023, and adjusted to include the proposed flow equalization facilities 
that will be located upstream of the plant headworks. The flow-equalized wet weather peak 
rate was selected based on a preliminary economic evaluation comparing treatment costs to 
equalization costs. 

TABLE 5-7 
Hydraulic Design Criteria for Proposed Lighthouse Point WRF(1) 

 

Minimum 
Flow 
(mgd) 

Annual 
Average 

(mgd) 

Maximum 
Month 
(mgd) 

Dry Weather 
Peak Hour 

(mgd) 

Wet Weather 
Peak Hour 

(mgd) 

Equalized 
Wet Weather 

Peak Flow 
(mgd) 

Central and 
East Blaine 0.31 0.77 1.11 1.39 5.50 2.40 

West Blaine 0.09 0.23 0.39 0.41 1.64 0.70 

City of 
Blaine Total 0.40 1.00 1.50 1.80 7.14 3.10 

1 Values for hydraulic design criteria were obtained from Table 4 of TM 1.02—Review and Refine Planning and 
Design Criteria, Lighthouse Point WRF (CH2M HILL, July 2004). 

The proposed Lighthouse Point WRF will be located at the site of LS1 along Marine Drive in 
Central Blaine. Initially, the new WRF will only treat flows from Central and East Blaine, 
with the existing WWTP on Semiahmoo Spit remaining in operation to treat flows from 
West Blaine. The existing lift station, LS1, that is currently used to convey raw sewage flows 
from East and Central Blaine to the City’s existing WWTP will be converted to an influent 
pump station for the new WRF. Other modifications that are planned for the proposed 
Lighthouse Point WRF site include installation of a 400,000-gallon flow equalization basin. 
The flow equalization basin will be upstream of the influent pump station, and will regulate 
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the wet weather peak flow rate to a maximum of 3.1 mgd. Thus, the pumps for the influent 
and effluent pump stations will be sized for a capacity of 3.1 mgd. 

Details of the piping conveyance system and pump stations are presented in the 
recommended plan in Chapter 7.  

5.4 Mitigation Requirements 
Preliminary requirements for facilities required for visual mitigation, odor control, and 
noise abatement for the proposed Lighthouse Point WRF will be developed. Odor control 
and noise abatement measures will be consistent with the treatment processes selected for 
the proposed Lighthouse Point WRF. Requirements for visual mitigation of the proposed 
Lighthouse Point WRF site will involve identifying the essential design elements of the 
artist’s renderings of the proposed Lighthouse Point WRF prepared during an architectural 
design charette that was conducted in June 2004 and with involvement from the CWAC and 
other members of the community. 

The primary objective of this section is to develop the preliminary design requirements that 
address visual, odor, and noise mitigation for the proposed Lighthouse Point WRF. Specific 
objectives for individual mitigation measures are as follows: 

Visual Mitigation: The objective for visual mitigation is to develop a treatment facility that is 
consistent with the City’s Master Plan of the area, compatible with the surrounding marine 
setting, and promotes public use of the adjacent site. Essential visual features for the 
proposed Lighthouse Point WRF have been identified using artist’s renderings from the 
recently conducted design charette.  

Odor Control: The objective for odor control is to provide the necessary odor control 
containment and treatment equipment so that there are minimal detectable odors outside 
the WRF. Preliminary requirements for odor control have been identified and developed 
based on the selected process components for the proposed Lighthouse Point WRF. An 
initial screening and comparative evaluation of odor control technology candidates has also 
been provided.  

Noise Abatement: The noise abatement objective is to satisfy the requirements for protection 
of human health and safety as administered by Ecology, WAC 173-60-040. Required design 
elements for noise abatement have been identified based on the operational noise levels 
generated by the process equipment within the proposed Lighthouse Point WRF. In general, 
noise abatement will be provided to reduce the negative impact of noise transmission from 
equipment and other plant-related activities to the surrounding areas of public use. 

5.4.1 Visual Mitigation Measures 
Visual mitigation measures for the proposed Lighthouse Point WRF were developed during 
several design charettes that were previously conducted by Christensen Design 
Management, the City staff, and the CWAC. The main objective of the design charette was 
to determine if placing a WWTP on Marine Drive was compatible with the City’s Master 
Plan and to identify and develop architectural concepts for the proposed Lighthouse Point 
WRF that are compatible with the surrounding physical and cultural environment at 
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Lighthouse Point. The design charette resulted in several artist renderings of the proposed 
Lighthouse Point WRF. 

Using the renderings as a reference, the following features were identified during the design 
charettes to provide visual mitigation for the proposed Lighthouse Point WRF: 

• Lighthouse (historical attraction) 
• Roof plaza 
• Beach enhancement and picnic area 
• Landscaping and building materials 
• Public parking and restrooms 

The visual mitigation strategy developed by the CWAC during the design charettes strives 
to integrate the WWTP into the surrounding marine environment by providing a 
lighthouse, picnic grounds, and walking paths along the beach. Public use of the site is 
promoted through public restrooms, parking along Marine Drive, and a roof plaza over part 
of the Facility Building that provides public access to the lighthouse as well as a scenic 
overlook of the beach and Semiahmoo Bay. Other features include a beach enhancement 
area, a raised plateau area for picnic tables, a covered walkway, and access to an existing 
marina. Extensive landscaping will also be used to provide a visual screen to the WRF from 
the road and other public use areas.  

The design elements of the visual mitigation strategy outlined above will be incorporated 
into the design of the proposed Lighthouse Point WRF.  

5.4.2 Odor Control 
Sources of Odor Emission  
The following conveyance and treatment processes at the proposed Lighthouse Point WRF 
have been identified as potential sources of odor emissions: 

• Equalization (400,000 gallons) storage 
• Influent pump station wet well 
• Influent screening and grit removal processes 
• Solids handling processes 
• Secondary treatment unit processes 

The influent pump station will consist of a belowgrade structure that contains a wet well 
and submersible pumps. Because influent wastewater is occasionally septic, the potential 
exists for emission of hydrogen sulfide and other odorous gases into the air. In order to 
mitigate emission of odorous gases into the environment, odor control is recommended for 
the influent pump station. 

The solids handling processes contained within the Headworks area and Solids Handling 
Room are typically the source of the strongest odors; odor complaints would be expected if 
these facilities were not equipped with odor control equipment. Secondary treatment unit 
processes typically have a much lower potential to generate objectionable odors than the 
other processes located in the Facility Building; however, the possibility does exist for odor 
generation from these basins. In order to ensure that there are minimal detectable odors 
from the facility, the secondary process has been included as an odor source.  
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Design Criteria for Odor Control 
There are two potential alternatives for the City to provide odor control for the proposed 
Lighthouse Point WRF. The first alternative would consist of ventilating each process room 
within the Facility Building to odor control equipment. This option would ensure odor 
control for each odor source and minimize the potential for fugitive odors. However, this 
option requires odor control for a much larger volume of air, increasing the capital and 
O&M costs for the odor control equipment.  

To reduce the volume of air required to be treated, smaller containment can be placed over 
the process equipment with the foul air inside those covers venting to the odor control 
equipment. Odorous air is typically contained either by enclosing odor sources in 
containment rooms, providing hoods or equipment enclosures, or by covering the source if 
it is a process basin. These enclosures must be resistant to corrosion.  

Ventilation rates are potentially governed by the National Fire Protection Association 
(NFPA) standards for fire protection in wastewater applications, ventilation rates required 
to effectively capture odorous air emissions from Industrial Ventilation guidance manuals 
and field experience, and worker comfort and safety. On one hand, ventilation rates should 
be high enough to capture the odors and to keep the contained environment either 
acceptable for workers or non-corrosive for the materials, such as concrete. From this 
perspective, high ventilation rates are better. On the other hand, it is desirable to minimize 
ventilation rates so that the fan and scrubber system costs are low. These costs include both 
the initial capital investment in hardware and the cost to operate the system over time. 
Selection of the actual ventilation rate must strike a balance between these two opposing 
issues. The following rules of thumb are offered as basic guidance for initial ventilation 
design criteria. 

• For particularly odorous areas that will be occupied, such as rooms with open belt filter 
presses or truck loading bays for loading sludge cake, use 12 to 20 Air Changes per Hour 
(ACH). 

• For covered basins that are not occupied, use 6 ACH. 

• Sweep velocities along channels being ventilated should be at least 50 feet per minute; 
100 feet are desirable. 

• Capture velocities on makeup air openings (including cracks) should be at least 200 feet 
per minute. 

• For tightly closed conveyor systems (e.g., screw conveyors), use 10 cfm per foot of 
conveyor. 

• For capturing odorous air from a process aeration source, such as aeration basins or 
forced air covered trickling filters, ventilate the process at a rate 10 percent higher than 
the peak supply air. 

• Once air flows are set, carefully review the air flow patterns to ensure sweep air patterns 
do not leave dead pockets without ventilation.  

In all cases, the guideline that results in the highest ventilation rate will govern. For 
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instance, if an ACH rate of 12 does not provide effective capture velocity, then the ACH 
must be raised or the system configuration modified to get the capture velocity at the lower 
ACH. 

For Alternative 1, it is assumed that the following has been included in the basic odor 
control design. A summary of odor sources, design criteria, and flowrates for sizing odor 
control equipment is found on Table 5-8. 

TABLE 5-8 
Alternative 1 – Odor Sources and Design Criteria for Ventilation of Process Rooms 

Odor Source Area (ft2) Height (ft) Volume (ft3) ACH Flowrate (cfm) 

Influent pump station wet well 100 10 1,960 6 196 

Headworks area 2,310 20 46,200 20 15,400 

Solids handling room 1,276 20 25,520 20 8,507 

Secondary Treatment Unit  
Process (1) 

4,200 20 16,800 12 16,800 

    Total 40,903 
1 Secondary treatment unit process is based on the MBR alternative. 

• Cover over the influent pump station wet well and ventilation of the process air. 

• Ventilation of entire Headworks area, which includes screenings equipment, grit 
removal equipment, screenings/grit storage bins, and truck loading. 

• Ventilation of the solids handing room, which includes the GBT, sludge holding tanks, 
and truck loading. 

• Covers for the secondary treatment unit processes and ventilation of the process air 
from those reactors. 

• Odor control equipment for treatment of odorous air from these sources. 

For Alternative 2, the following odor control features will be included in the basic design of 
the solids handling facilities. A summary of odor sources, design criteria, and flowrates for 
sizing odor control equipment are found on Table 5-9. 

 

TABLE 5-9 
Alternative 2 – Odor Sources and Design Criteria with Covers and Enclosures  

Odor Source Area (ft2) Height (ft) Volume (ft3) ACH Flowrate (cfm) 

Influent pump station wet well 100 10 1,960 6 196 

Influent screening equipment and basin 420 4 2,640 6 264 

Grit removal basin 175 4 1,348 6 135 

Dumpster area/truck loading 900 20 18,000 20 6,000 

Sludge holding tank 200 4 800 6 80 
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TABLE 5-9 
Alternative 2 – Odor Sources and Design Criteria with Covers and Enclosures  

Odor Source Area (ft2) Height (ft) Volume (ft3) ACH Flowrate (cfm) 

Gravity belt thickener 450 10 4,500 12 900 

Solids truck loading 200 20 4,000 20 1,333 

Secondary Treatment Unit Process (1.) 4,200 4 16,800 6 2,800 

    Total 11,708 
1Secondary treatment unit process is based on the MBR alternative 

 

• Cover over the influent pump station wet well and ventilation of the process air. 

• Enclosures for screenings equipment, grit removal channel, and screenings/grit storage 
bins within the Headworks area. Also includes ventilation for the truck loading area. 

• Enclosure for gravity belt thickener, covers on the sludge holding tank, and ventilation 
for truck loading area within the Solids Handling room. 

• Covers for the secondary treatment unit processes and ventilation of the process air 
from those basins. 

• Odor control equipment for treatment of odorous air from both these odor sources. 

Alternative 2 is recommended in order to minimize the capital and annual costs for the odor 
control equipment. A majority of the process equipment has covers and/or enclosures 
already incorporated into the design and cost presented (see Chapter 8). The design criteria 
on Table 5-9 will be used in follow-on tasks as the basis for selecting, sizing, and estimating 
costs for odor control equipment. An initial screening and preliminary evaluation of various 
odor control technologies is provided in the following section. 

Odor Control Technology 
Several alternatives were initially considered as part of this preliminary evaluation of odor 
control technologies, including compost biofilters, soil biofilters, bioscrubbers, modular 
biofilters, packed tower chemical scrubbers, and water-regenerable activated carbon. From 
this initial list of possibilities, technologies that were determined to be feasible due to the 
space constraints at the Lighthouse Point WWTP included bioscrubbers, packed tower 
chemical scrubbers, and water-regenerable activated carbon. Descriptions and initial 
evaluations of these three alternatives are provided in this section. 

Bioscrubber (Biotrickling Packed Tower) 
In a biotrickling tower, odorous air is blown into the bottom of the tower and flows up 
through the media material. The media may be a synthetic material or a natural material 
such as lava rock. The media allows the cultivation of a fixed-film growth of bacteria that 
consumes the odorous gases that pass through it. The bacteria also utilize other odor 
compounds as a food source including ammonia and various organic reduced-sulfur 
compounds. Recirculation pumps provide a continuous stream of water that keeps the 
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media wet, provides nutrients, and carries away waste products. A source of water, 
preferably non-chlorinated secondary effluent, would need to be piped to the unit.  

The recirculated water is continually blown down to a drain to control pH and remove 
waste products. Drain water will be low in pH and should be routed to a flow stream where 
it can be diluted. Treated air migrates out of the filter bed and into the atmosphere. 

Packed Tower Chemical Scrubber 
Chemical scrubbers are the most common type of wet scrubber used for odor control in 
municipal WWTPs. They represent a proven technology and have been the technology of 
choice for many municipalities. Chemical scrubbers easily remove odor constituents 
including hydrogen sulfide, ammonia, and various organic reduced-sulfur compounds. 
These systems are highly effective in situations involving high odor concentrations and 
large airflows. 

Countercurrent packed-tower scrubbers can be configured in either single- or multi-stage 
arrangements. Odorous air enters the bottom of the tower and flows upward through a bed 
of packed media, while contacting a downward flowing scrubbant solution. The treated air 
is exhausted out the top of the tower. Packing media aid in scrubbing efficiency by 
providing a large, interfacial area for contact between the odorous air and scrubbant 
solution. A fan, placed before or after the tower, moves the odorous air through the system 
and out the exhaust stack. 

The scrubbant solution chemicals (usually acid for ammonia and caustic plus chlorine for 
hydrogen sulfide control) enhance the ability of the solution to absorb and oxidize odorous 
compounds. This solution is collected in a sump at the bottom of the tower and recirculated 
to the top by a scrubber recycle pump. A portion of the scrubber solution is continuously 
blown down during the process and replenished by makeup water to remove waste 
products from the system. Blowdown should be routed to a flow stream where it can be 
diluted.  

Water-Regenerable Activated Carbon 
A water-regenerable activated carbon system consists of multiple carbon vessels filled with 
water-regenerable carbon connected in a manifold arrangement. The hydrogen sulfide in 
the odorous air is adsorbed into the carbon and converted to sulfuric acid, a water-soluble 
compound. Once the carbon is spent, a solenoid valve opens and allows water to wash the 
carbon to restore adsorption capacity. Regeneration in place reduces operating costs and 
increases the operational life of the carbon. When the carbon is regenerated, the unit 
remains online since only one chamber is regenerated at a time. Water would need to be 
piped to the system for regeneration. Drain water will be low in pH and should be routed to 
a flow stream where it can be diluted. This technology is proprietary and only 
manufactured by one vendor. 

Comparative Evaluation of Odor Control Technologies 
The three odor control technologies described above were evaluated on a comparative basis. 
The comparative evaluation is summarized on Table 5-10. In the evaluation process, each 
odor control technology was rated on a scale from good (+1) to poor (-1). The evaluation 
criteria used to compare the alternatives are listed below: 
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Technical 
• Proven technology 
• Reliability 
• Odor removal efficiency 
• Maintenance requirements 
• Power consumption 
• Capital cost 

Environmental 
• Space requirements 
• Media disposal 
• Chemical handling 

The results of the comparative evaluation found on Table 5-10 suggest that the chemical 
scrubbers have the most favorable rating of the three odor control technologies included in 
the evaluation, followed closely by bioscrubbers and water-regenerable carbon. Chemical 
scrubbers are incorporated into the proposed Lighthouse Point WRF conceptual design, 
presented in Chapter 7. 

Technical Evaluation Criteria 
Proven Technology/Reliability: Each of the odor control technologies included in this 
evaluation has a proven track record of success when designed and operated correctly. 
Chemical scrubbers are the most common type of odor control technology used in 
municipal WWTPs. Bioscrubbers are emerging as an alternative to chemical scrubbers, 
having a similar footprint and comparable removal efficiency. The water-regenerable carbon 
technology has been in the marketplace for the shortest length of time. However, these units 
have performed effectively and are relatively easy to operate. 

Odor Removal Efficiency: Odor removal efficiency relates to the ability of a particular odor 
treatment technology to remove odor constituents such as hydrogen sulfide or ammonia. 
Water-regenerable carbon is able to effectively remove hydrogen sulfide. However, at 
higher hydrogen sulfide concentrations, the carbon requires more frequent regeneration and 
subsequent changeout, adding to operating costs. Water-regenerable activated carbon is also 
able to adsorb organic reduced-sulfur compounds up to a certain level until breakthrough 
occurs. These compounds remain in the carbon even after water-regeneration, reducing the 
overall adsorption capacity of the carbon. As such, water-regenerable carbon technology 
would not be suitable for odorous air streams containing significant quantities of organic 
reduced-sulfur compounds. In contrast, bioscrubbers and chemical scrubbers are able to 
remove both inorganic and organic sulfur compounds very efficiently. Bioscrubbers may 
emit a slight “earthy, musty” odor that is not offensive to most people. 

Maintenance Requirements: This criterion refers to the day-to-day maintenance that would 
be performed by plant staff. The bioscrubber would require the least amount of daily 
maintenance due to the relative simplicity of this system. The chemical scrubber would 
require more daily maintenance than the bioscrubber, due to the mechanical complexity of 
this system. The carbon technology requires the most maintenance time due to the need to 
monitor for breakthrough, regenerate the carbon, and replace spent carbon. 
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Power Consumption: This criterion refers to the total power consumed by the prime mover 
associated with a typical system. Carbon filters have a moderate level of power 
consumption due to the static pressure required to move air through the media. 
Bioscrubbers and chemical scrubbers have a higher level of power consumption due to the 
need to move both air and liquid through the media. 

Capital Costs: This criterion is a relative ranking of capital cost per cfm of installed capacity. 
Bioscrubbers have the highest capital cost of the three alternatives, with chemical scrubbers 
and water-regenerable carbon having comparable, lower costs. 

Environmental Evaluation Criteria 
Space Requirements: Space requirements include footprint areas for scrubbers, chemical 
storage tanks, pumps, and blowers. The carbon scrubber is the least space-intensive of the 
three odor control technologies. Bioscrubbers have slightly greater space requirements due 
to the need for recirculation pumps. Chemical scrubbers also have greater space 
requirements due to the need for chemical storage and recirculation pumps. 

Media Disposal: Spent carbon must be disposed of, but is typically not considered 
hazardous. Spent carbon media is usually recycled by the manufacturer or sent to a landfill 
for disposal. Bioscrubber media has a working life than can exceed 15 years; the disposal of 
the media is less of a consideration than spent carbon. The media from the chemical 
scrubber is inert, and therefore does not require replacement. 

Chemical Handling Requirements: Chemical scrubbers require delivery, handling, and 
storage of hazardous chemicals like caustic soda, hypochlorite, and sulfuric acid. Carbon 
and bioscrubber technologies require no chemical handling, and therefore have no 
subsequent impacts associated with chemical delivery, storage, or handling. 

TABLE 5-10 
Comparative Evaluation of Odor Control Technologies 

Evaluation Criteria 

Odor Control Technologies 

Bioscrubber Chemical Scrubber Regenerable Carbon 

Technical    

Proven technology 0 +1 0 

Reliability +1 +1 +1 

Odor removal efficiency 0 +1 +1 

Maintenance requirements +1 -1 -1 

Power consumption -1 0 0 

Capital costs -1 0 0 

Technical Score: 0 2 1 

Environmental    

Space requirements 0 +1 +1 

Media disposal +1 +1 -1 

Chemical handling +1 -1 +1 

Environmental Score: 2 1 1 

OVERALL SCORE: 2 3 2 
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Odor Control Summary 
The results of the comparative evaluation found on Table 5-10 suggest that the chemical 
scrubbers have the most favorable rating of the three odor control technologies included in 
the evaluation, followed closely by bioscrubbers and water-regenerable carbon. Chemical 
scrubbers are incorporated into the proposed Lighthouse Point WRF conceptual design, 
presented in Chapter 8. 

5.4.3 Noise Abatement 
Health and Safety Considerations 
Environmental noise effects on human populations include speech interference, sleep 
disturbance, and annoyance. Some typical noise levels encountered in an urban 
environment include the following: 

• Normal conversation ranges between 55 and 65 decibels A-weighted (dBAs) when the 
speakers are 3 to 6 feet apart. 

• Quiet urban nighttime noise dBAs typically fall in the low 40s. 

• Noise levels during the day in a noisy urban area are frequently as high as 80 dBA. 

• Noise levels above 110 dBA become intolerable and can result in hearing loss. 

State and local governments have primary responsibility for controlling noise sources and 
regulating outdoor noise levels in the environment. WAC 173-60-040 establishes noise limits 
that vary according to the land use of the property where the noise source is located and the 
property receiving the noise; these noise limits are administered by Ecology. The maximum 
permissible noise levels are shown on Table 5-11. Treatment plant construction noise is 
exempt under WAC 173-60-050, and thus is not addressed in the noise abatement measures. 

TABLE 5-11 
Maximum Permissible Noise Levels (dBA) 

Land Use 
of Noise Source 

Land Use of Receiving Property 

Residential 

Commercial Industrial Day Night(1) 

Residential 55 45 57 60 

Commercial 57 47 60 65 

Industrial 60 50 65 70 
1Maximums are 10 dBA lower than nighttime levels for residential property from 10 p.m. to 7 a.m.  
Source: WAC 173-60-040. 

Sources of Noise 
The following types of operational noise sources are associated with the proposed 
Lighthouse Point WRF: 
• Noise from the operation of mechanical equipment, including pumps, blowers, fans, and 

centrifuges. These planned activities would occur on a continuous basis. 
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• Noise from routine O&M activities, including screening and grit hauling, and biosolids 
treatment and handling. These planned activities would typically occur for short time 
duration and during normal working hours. 

• Noise from standby power generation facilities (to be used as backup power for 
treatment facilities and pump stations during a power outage). When needed, standby 
power generators would operate on a continuous basis until power is restored. 

• Noise from emergency operation, maintenance, and repair activities. These are 
unanticipated conditions that may require nighttime work, and could pose significant 
noise impacts. 

Design Guidelines for Noise Abatement 
For mitigation of noise from the influent pump station, all equipment will be housed in an 
enclosed structure. Ventilation air intakes and exhausts will be placed in a direction facing 
away from sensitive receivers. Noise-reduction-related acoustic louvers and duct silencers 
will be selected to reduce transmission of indoor noise to the outdoor environment. Noise 
levels immediately outside of the enclosure will be at or below the level stated on Table 5-11 
for an industrial noise source and a commercial receiving property. 

For noise abatement at the WRF, all noise-generating equipment will be contained inside the 
building. Noise sources such as pumps, fans, blowers, and centrifuges will be designed with 
the necessary noise reduction features to limit noise impacts immediately outside of the 
Facility Building to the level stated on Table 5-11 for an industrial noise source and a 
commercial receiving property. This level of noise abatement will allow the proposed 
Lighthouse Point WRF to be consistent with ambient noise levels. The City may decide to 
impose more stringent noise standards during the design of the WWTP. 
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CHAPTER 6 

Evaluation of Monetary and Nonmonetary 
Criteria 

6.1 Introduction 
As part of the treatment process and conveyance facilities evaluation activities, cost estimates 
and analyses for each alternative were developed. Estimates included the construction cost 
and annual O&M costs for each alternative. The alternatives were ranked and 
recommendations made for the most cost-effective and appropriate treatment and 
conveyance approach, including the costs for the associated mitigation features. 

In addition to the monetary analysis, each of the alternatives was scored and ranked based 
on its performance against nonmonetary criteria. The nonmonetary criteria are made up of 
various features or benefits for the proposed WWTP that were identified as of value to the 
City. These nonmonetary criteria are an extension of the criteria developed as part of the 
public outreach process during the General Sewer Plan development (CH2M HILL, 2004). 

The objective of this chapter is to document the results of the cost estimating and life-cycle 
cost analysis performed for each of the treatment configuration alternatives evaluated for the 
proposed Lighthouse Point WRF. In addition, this chapter presents the evaluation of 
nonmonetary criteria and ranks the treatment configuration alternatives. 

6.2 Monetary Analysis 
The capital costs and annual costs for the treatment process alternatives were developed us-
ing a combination of the computer programs Pro2D and CPES (CH2M HILL Parametric Cost 
Estimating System), along with vendor data, to determine the conceptual cost opinions. 
Pro2D assists in determining the size and number of unit process required at a WWTP, as 
discussed in Chapter 5. CPES calculates conceptual-level capital and annual cost estimates 
based on the type, size, and number of unit processes included in a facility. Additional 
values are entered into CPES to account for contractor markups, escalation costs, and 
location adjustments. Vendor data was used to supplement the cost estimates from CPES 
where applicable. 

6.2.1 Basis of Cost Estimate 
Cost estimates of the various alternatives developed in Chapter 5 are considered to be 
Class 4 estimates, based on standards established by the American Association of Cost 
Engineers (AACE). Class 4 estimates are described as generally being prepared based on a 
10- to 15-percent design level or essentially at the facility plan level. This level of cost 
estimate is typically used for assessing feasibility and screening various alternatives. 
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The typical accuracy range for this cost estimate class is from –15 percent to –30 percent on 
the low side and from +30 percent to +50 percent on the high side. Class 4 estimates are pre-
pared for feasibility studies and facility plans. 

The costs developed are presented in 2004 dollars and do not include future escalation. No 
costs are included for extraordinary circumstances such as potential discovery and remedia-
tion of contaminated materials or actions that may be required to address the existence of 
cultural artifacts. 

The final construction cost of the projects will depend on actual labor and material costs, ac-
tual site conditions, productivity, competitive market conditions, final project scope, final 
project schedule, and other variable factors. As a result, the final project costs will likely vary 
from those presented. Because of these factors, funding needs must be carefully reviewed 
prior to making specific financial decisions or establishing final budgets. 

6.2.2 Construction Costs 
The construction cost of a WWTP has many components. The basic construction cost 
includes the cost of labor and materials needed to construct the facilities. Those basic costs 
are then marked up with the overhead, profit, and the cost of mobilization and 
demobilization. A contingency allowance and sales taxes are also added to the construction 
costs. Table 6-1 includes the values used for the associated construction costs. 

TABLE 6-1 
Associated Construction Costs 

Cost Item Value Applied To 

Contractor Overhead 10-percent Base Construction Cost (BCC) 

Contractor Profit 5-percent BCC + Overhead (OH) 

Contractor Mobilization / Demobilization / Insurance 5-percent BCC + OH +Profit (P) 

Contingency 20-percent BCC + OH +P + Mob/Demob (MD) 

Escalation to Mid-Point of Construction 8.59-percent BCC + OH +P + MD + Contingency (C) 

Location Adjustment Factor 1.5-percent BCC + OH +P + MD + C 

Pile Foundations 10-percent Building Cost 

Dewatering Conditions 8-percent Building Cost 

Shoring 8-percent Building Cost 

Architectural Aesthetics 20-percent Building Cost 

Sales Tax 8.2-percent BCC + All Associated Costs 

 

6.2.3 Annual Costs 
Economic evaluation of alternatives requires consideration of both annual costs as well as 
construction cost. It is the relationship between construction and annual costs that often 
results in one alternative being more economically attractive than another over the life of the 
project. Annual costs include expenditures for operations, maintenance, administration, 
materials and chemical costs, energy costs, and other business expenditures such as interest 
and depreciation costs. 
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Operation and Maintenance—Labor 
One component of the annual costs is the cost of labor to operate and maintain the facilities. 
These costs can be highly variable across different treatment processes depending on the 
nature of the process, its reliability, ease of operation, and level of maintenance required. As-
sumptions were made based on experience of the staffing needs of the various treatment 
processes and based on a burdened labor rate of $50 per hour. A 20-percent contingency was 
applied to account for unknown needs and the uncertainty of the actual extent of operations 
and maintenance required. 

Operation and Maintenance—Consumables (Power, Chemical, and Natural Gas) 
Another component of the annual costs is the cost of consumables such as power, chemicals, 
and natural gas. Again, these costs can be highly variable across different treatment proc-
esses depending on the nature of the process. Estimates of the consumables cost were devel-
oped based on the anticipated requirements to operate the facilities under average conditions 
on an annual basis. The components and assumptions included in the annual costs were 
power ($0.07/kWh), market rate for chemical costs, and major equipment replacement (i.e., 
membrane replacement of 10 years). A 20-percent contingency was also applied to account 
for unknown demands and the uncertainty of the actual extent of O&M required. 

6.2.4 Present Worth 
Life-cycle costs were developed from the capital and annual costs. The life-cycle cost analysis 
was based on the defined project life and cost of money interest rate, and all cost disburse-
ments. Table 6-2 includes the values used for the associated life-cycle cost analysis. 

TABLE 6-2 
Life-Cycle Cost Parameters 

Cost Item Value 

Interest Rate 3.5-percent 

Inflation Rate 2.5-percent 

Project Comparison Period 20 years 

 

6.3 Nonmonetary Analysis 
There are many other nonmonetary factors that may be equally or more important than just 
the monetary evaluation in selecting a preferred alternative. Nonmonetary evaluation may 
include performance criteria such as flexibility, reliability, ease of maintenance, and ease of 
operation. Nonmonetary evaluation may also include environmental criteria such as effluent 
water quality, safety, noise and odor impacts, use of byproducts, and disposal requirements. 
Lastly, nonmonetary evaluation may include implementation criteria such as land use 
compatibility, and public acceptance. These nonmonetary criteria are listed and described in 
the following subsections. 
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6.3.1 Performance Criteria 
Performance criteria generally relate to the way each alternative achieves the objectives of 
the project and how well each alternative is expected to function. Performance factors 
include flexibility and reliability for both O&M. 

Response Flexibility to Changing Conditions 
12Adaptability of each alternative is the primary screening consideration under this 
evaluation criterion. The flexibility to meet changing conditions is of particular concern with 
possible future constraints such as revised effluent limits, modified disposal methods, 
resource scarcities, or technological advancement. Flexibility evaluations should also 
consider responsiveness to new land use plans, development patterns, and lifestyle changes, 
such as water and energy conservation. 

Strong Process Performance Record 
Assurance of meeting design performance is the overall screening consideration under this 
evaluation criterion. The evaluation considers the relative risk of process failures, suscepti-
bility of the alternative to disruption from catastrophes, and consequences of functional sys-
tem failures, regardless of cause. 

Extent of Maintenance Required 
The level of maintenance required to keep the WWTP in operation is the overall screening 
consideration under this evaluation criterion. The evaluation considers the relative risk of 
mechanical failures, the level of preventative maintenance required, and the extent of labor 
and consumables required in order to maintain the equipment in good working condition. 

Ease of Use by Operators 
This evaluation criterion reflects the ease with which the various alternatives can be 
operated, the level of skill required from the plant operations staff, and the degree in which 
automation can be implemented with that alternative. 

6.3.2 Environmental Criteria 
The environmental criteria have been selected from several of the topics generally covered in 
the SEPA checklist for WWTPs. Environmental factors include aspects of the proposed 
treatment facilities to meet water quality, air quality, and noise requirements, in addition to 
the proper use or disposal of byproducts from the facilities. 

Effluent Water Quality 
All treatment alternatives evaluated must meet the NPDES discharge permit for secondary 
treatment. However, some of the alternatives routinely exceed the minimum treatment 
performance necessary to achieve secondary effluent. Some alternatives can achieve water 
quality suitable for nonpotable reuse applications. 

Public and Operator Safety Risks 
Each treatment alternative was evaluated based on its inherent safety risks. Safety risks may 
include the requirement for hazardous chemicals to be stored at or transported to and from 
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the site, the potential for explosive conditions to exist resulting from the treatment operation, 
or other miscellaneous hazards such as drowning and falling. 

Beneficial Use of Byproducts 
One of the key benefits of some treatment processes is the production of a byproduct that can 
be used by either the treatment operations or made commercially available to others. These 
byproducts could potentially be the reuse of the effluent if the water quality is suitable, or 
the use of the biosolids, if appropriate levels of treatment have been met. 

Amount of Solids to be Disposed 
All treatment processes will have some degree of solids residuals that must be disposed of 
from the plant. However, some treatment processes generate fewer solids than other alterna-
tives and they also may provide greater degrees of stabilization.  

Noise and Odor Impacts 
There is always some odor risk near WWTPs. Important factors include number, character, 
and location of sensitive receptors, climate, and degree of odor control provided. Different 
treatment processes have different degrees of odor generation potential and, hence, varied 
risk of producing measurable odor at the WWTP boundary. 

Noise concerns are associated with both construction and facility operations. Construction 
will cause noise impacts at WWTP sites as well as in areas of sewer construction. Noise from 
WWTP operations is generally at low or background levels. Sludge and chemical truck traffic 
are noise generators. 

6.3.3 Implementation Criteria 
The ability to implement a plan or project is the single most important consideration in 
evaluating alternatives. It is also the factor that is most difficult to estimate. Key aspects of 
implementation include the overall acceptability of the preferred alternative to municipal 
officials, the public, and governmental agencies. 

Integration into the Marine Drive Master Plan 
Plans involving WWTPs in or near shorelines, residential areas, or parks are considered less 
compatible with most existing land use due to the industrial character of WWTPs. 

Visual aesthetics must be evaluated in terms of the impact on the surrounding land uses and 
the community as a whole. WWTPs located in industrial areas have much less visual impact 
on the surrounding community than those located in residential or commercial areas. 
Architectural and layout mitigating measures are included in this evaluation. 

Public Acceptance 
Acceptability to the public will, to some degree, depend on the financial impact to the rate-
payers. In addition, the impacts to the public from noise, odors, and/or visual aesthetics are 
all major factors in gaining public acceptance. Each alternative must meet a minimum level 
of standard in order to be considered further for implementation. 
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6.4 Alternative Evaluation Results 
The results of the monetary analysis, including the detailed breakdown of the cost estimate, 
are presented on Table 6-3. A workshop was conducted on October 18, 2004, to review the 
preliminary results of the cost evaluation with members of the Blaine City Council and the 
CWAC. Also presented during the workshop was the preliminary assessment of the 
importance weight of the various nonmonetary criteria (Appendix E).  

The nonmonetary criteria described previously were developed for the purpose of scoring 
each treatment process alternative that weighs the advantages and disadvantages of the 
alternatives against each other. Weighting factors established for each evaluation criteria 
were based on the relative importance of the criteria in selecting an alternative. A score was 
assigned to each nonmonetary criterion (from 5 being a positive characteristic to 1 being a 
negative characteristic). The scores were then applied to the importance weighting, and 
summarized to provide the total weighted score. 

During the workshop, the nonmonetary criteria were revised to better reflect the importance 
and values of the community. The attendees weighted the importance of each criterion and 
the technical scoring was reevaluated based on the revised weightings. 

The weighted average was then calculated and entered on Table 6-4. The revised 
nonmonetary criteria with importance weighting and scoring are shown on Table 6-4. 

As shown in Table 6-4, the highest ranking alternative for monetary criteria (lowest present 
worth cost alternative) is Alternative 4 – Sequencing Batch Reactors and Liquid Chlorine 
Disinfection with a present worth value of $34.71 M. Alternative 4 was ranked eighth based 
on the nonmonetary criteria evaluation. 

Note that the second ranked alternative for monetary criteria is Alternative 3 – Sequencing 
Batch Reactor with UV Disinfection with a present worth value of $35.17 M. Alternative 3 
was ranked fourth based on the nonmonetary criteria evaluation. 

Alternative 7 – Membrane Bioreactors, UV Disinfection, and Solids Treatment is the highest 
ranked alternative based on the nonmonetary criteria evaluation. Alternative 7 has the 
highest present worth cost of all the alternatives at $52.84 M, making this the 11th ranked 
alternative in the monetary criteria evaluation. 

The results of the monetary estimates and the nonmonetary evaluation results were then 
graphically presented in Figures 6-1 and 6-2, which show the cost versus relative benefit of 
each alternative. Based on the results of the workshop and as shown in Figures 6-1 and 6-2, 
THE City Council directed that further evaluation of Alternatives 3 and 7A should be 
conducted. These alternatives represent the most viable options for the proposed Lighthouse 
Point WRF. This allows a final selection between the two alternatives. 
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TABLE 6-3 
Cost Estimate of Treatment Alternatives 

Item 
Alternative 1 

CAS, UV 
Alternative 2 

CAS, Chlorine 
Alternative 3 

SBR, UV 
Alternative 4 

SBR, Chlorine 
Alternative 5 

Extended AB, UV 

Alternative 6 
Extended AB, 

Chlorine 

Alternative 7 
MBR, UV, Solids 

Treatment 
Alternative 7A 

MBR, UV 
Alternative 8 

MBR, Chlorine 
Alternative 9 

RBC, UV 
Alternative 10 
RBC, Chlorine 

Base Project Costs            

Preliminary Treatment/Pumping $1,162,000 $1,162,000 $1,162,000 $1,162,000 $1,162,000 $1,162,000 $1,212,000 $1,154,000 $1,212,000 $1,162,000 $1,162,000 

Secondary Treatment $4,054,000 $4,054,000 $3,493,000 $3,493,000 $4,775,000 $4,775,000 $4,949,000 $5,227,000 $4,949,000 $3,504,000 $3,504,000 

Disinfection $445,000 $556,000 $445,000 $556,000 $445,000 $556,000 $396,000 $396,000 $495,000 $445,000 $556,000 

Solids Handling $649,000 $649,000 $609,000 $609,000 $596,000 $596,000 $601,000 $597,000 $578,000 $601,000 $601,000 

Solids Treatment/Dewatering $0 $0 $0 $0 $0 $0 $2,168,000 $0 $0 $0 $0 

Odor Control $203,000 $203,000 $203,000 $203,000 $203,000 $203,000 $203,000 $203,000 $203,000 $203,000 $203,000 

Subtotal $6,513,000 $6,624,000 $5,912,000 $6,023,000 $7,181,000 $7,292,000 $9,529,000 $7,577,000 $7,437,000 $5,915,000 $6,026,000 

Additional Project Costs            

Demolition $130,000 $130,000 $130,000 $130,000 $130,000 $130,000 $130,000 $130,000 $130,000 $130,000 $130,000 

Overall Sitework  $265,000 $265,000 $240,000 $240,000 $290,000 $290,000 $250,000 $230,000 $230,000 $250,000 $250,000 

Plant Computer System (2%) $130,260 $132,480 $118,240 $120,460 $143,620 $145,840 $190,580 $151,540 $148,740 $118,300 $120,520 

Yard Electrical (4%) $260,520 $264,960 $236,480 $240,920 $287,240 $291,680 $381,160 $303,080 $297,480 $236,600 $241,040 

Yard Piping (10%) $651,300 $662,400 $591,200 $602,300 $718,100 $729,200 $952,900 $757,700 $743,700 $591,500 $602,600 

Total Additional Project Costs $1,437,080 $1,454,840 $1,315,920 $1,333,680 $1,568,960 $1,586,720 $1,904,640 $1,572,320 $1,549,920 $1,326,400 $1,344,160 

Subtotal $7,950,080 $8,078,840 $7,227,920 $7,356,680 $8,749,960 $8,878,720 $11,433,640 $9,149,320 $8,986,920 $7,241,400 $7,370,160 

Contractor Markups            

Overhead (10%) $795,008 $807,884 $722,792 $735,668 $874,996 $887,872 $1,143,364 $914,932 $898,692 $724,140 $737,016 
Profit (5%) $437,254 $444,336 $397,536 $404,617 $481,248 $488,330 $628,850 $503,213 $494,281 $398,277 $405,359 

Mob/Bonds/Insurance (5%) $459,117 $466,553 $417,412 $424,848 $505,310 $512,746 $660,293 $528,373 $518,995 $418,191 $425,627 

Total Contractor Markups $1,691,380 $1,718,773 $1,537,740 $1,565,134 $1,861,554 $1,888,948 $2,432,507 $1,946,518 $1,911,967 $1,540,608 $1,568,002 

Project Contingency            

Contingency (20%) $1,928,292 $1,959,523 $1,753,132 $1,784,363 $2,122,303 $2,153,534 $2,773,229 $2,219,168 $2,179,777 $1,756,402 $1,787,632 

Total Contingency $1,928,292 $1,959,523 $1,753,132 $1,784,363 $2,122,303 $2,153,534 $2,773,229 $2,219,168 $2,179,777 $1,756,402 $1,787,632 

Subtotal $11,569,751 $11,757,136 $10,518,792 $10,706,176 $12,733,817 $12,921,201 $16,639,376 $13,315,005 $13,078,665 $10,538,409 $10,725,794 

Additional Construction Costs            

Escalation  (to Mid-Point Construction), (8.59%) $993,842 $1,009,938 $903,564 $919,661 $1,093,835 $1,109,931 $1,429,322 $1,143,759 $1,123,457 $905,249 $921,346 

Location Adjustment Factor (1.5%) $173,546 $176,357 $157,782 $160,593 $191,007 $193,818 $249,591 $199,725 $196,180 $158,076 $160,887 

Pile Foundations $237,000 $237,000 $237,000 $237,000 $237,000 $237,000 $220,000 $220,000 $220,000 $237,000 $237,000 

Dewatering Conditions $189,600 $189,600 $189,600 $189,600 $189,600 $189,600 $176,000 $176,000 $176,000 $189,600 $189,600 

Building (Includes Operation, Maintenance, Administration) $2,370,000 $2,370,000 $2,370,000 $2,370,000 $2,370,000 $2,370,000 $2,370,000 $2,200,000 $2,200,000 $2,370,000 $2,370,000 

Architectural Aesthetics (20% of Building) $474,000 $474,000 $474,000 $474,000 $474,000 $474,000 $474,000 $440,000 $440,000 $474,000 $474,000 

Shoring (10% of Building) $189,600 $189,600 $189,600 $189,600 $189,600 $189,600 $189,000 $176,000 $176,000 $189,600 $189,600 

Contamination $100,000 $100,000 $100,000 $100,000 $100,000 $100,000 $100,000 $100,000 $100,000 $100,000 $100,000 

Total Additional Costs $4,727,588 $4,746,495 $4,621,546 $4,640,453 $4,845,042 $4,863,949 $5,239,113 $4,655,484 $4,631,637 $4,623,526 $4,642,433 

Subtotal $16,297,339 $16,503,631 $15,140,338 $15,346,630 $17,578,859 $17,785,150 $21,878,489 $17,970,489 $17,710,302 $15,161,935 $15,368,226 

Total Construction Cost            

WA Sales Tax (8.2%) $1,336,382 $1,353,298 $1,241,508 $1,258,424 $1,441,466 $1,458,382 $1,794,036 $1,473,580 $1,452,245 $1,243,279 $1,260,195 

TOTAL $17,633,721 $17,856,929 $16,381,846 $16,605,053 $19,020,325 $19,243,533 $23,673,525 $19,444,070 $19,162,547 $16,405,214 $16,628,421 
1 The costs are based on the January 2004 index.            
2 CAS – Conventional Activated Sludge, UV – Ultraviolet Disinfection, SBR – Sequencing Batch Reactor, AB – Aeration Basin, MBR – Membrane Bioreactor, RBC – Rotating Biological Contactor.   
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TABLE 6-4 
Proposed Lighthouse Point WRF – Nonmonetary Criteria Revised Evaluation 

Criteria 
Importance 
Weighting 

Alternative Score 

Alt 1 
CAS, UV 

Alt 2 
CAS, Chlorine 

Alt 3 
SBR, UV 

Alt 4 
SBR, Chlorine 

Alt 5 
Extended AB, UV 

Alt 6 
Extended AB, Chlorine 

Alt 7 
MBR, UV, Solids Treatment 

Alt 7A 
MBR, UV 

Alt 8 
MBR, Chlorine 

Alt 9 
RBC, UV 

Alt 10 
RBC, Chlorine 

Effluent Water Quality 97% 3.0 3.0 3.0 3.0 4.0 4.0 5.0 5.0 5.0 2.0 2.0 

Visual Integration into the Park 94% 3.0 3.0 4.0 4.0 2.0 2.0 5.0 5.0 5.0 2.0 2.0 

Noise Impacts 87% 3.0 3.0 4.0 4.0 3.0 3.0 2.0 3.0 3.0 3.0 3.0 

Odor Impacts 97% 3.0 3.0 3.0 3.0 3.0 3.0 4.0 3.0 3.0 3.0 3.0 

Beneficial Use of Byproducts 75% 3.0 3.0 3.0 3.0 3.0 3.0 4.0 3.0 3.0 3.0 3.0 

Amount of Solids to be Disposed 56% 3.0 3.0 3.0 3.0 4.0 4.0 5.0 2.0 2.0 3.0 3.0 

Flexibility to Changing Conditions 73% 3.0 3.0 4.0 4.0 3.0 3.0 5.0 5.0 5.0 2.0 2.0 

Strong Process Performance Record 84% 4.0 4.0 3.0 3.0 4.0 4.0 3.0 3.0 3.0 4.0 4.0 

Ease of Use by Operators 69% 3.0 3.0 2.0 2.0 3.0 3.0 4.0 4.0 4.0 4.0 4.0 

Extent of Maintenance Required 75% 3.0 3.0 3.0 3.0 3.0 3.0 2.0 2.0 2.0 3.0 3.0 

Public and Operators Safety Risks 84% 4.0 3.0 4.0 3.0 4.0 3.0 5.0 5.0 4.0 4.0 3.0 

Public Acceptance 79% 4.0 3.0 4.0 3.0 4.0 3.0 5.0 5.0 4.0 4.0 3.0 

Total Benefit Score  31.6 30.0 32.6 31.0 32.2 30.6 39.6 37.1 35.4 29.6 28.0 

Total Construction Cost ($M)  $17.6 $17.8 $16.4 $16.6 $19.0 $19.2 $23.2 $18.4 $18.5 $16.4 $16.6 

Total Life-Cycle Cost ($M)  $36.7 $36.3 $35.2 $34.7 $38.5 $38.1 $52.8 $43.0 $42.0 $35.7 $35.3 

Scoring Range: 5 – Positive Characteristic, 1 – Negative Characteristic 
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6.5 Evaluation Conclusions 
The results of the monetary estimates and the nonmonetary evaluation results were then 
graphically presented in Figures 6-1 and 6-2, which show the cost versus relative benefit of 
each alternative.  

As shown in Figures 6-1 and 6-2, the preferred alternatives have a combination of high 
benefit for the lowest cost. Based on the presentation of the alternative evaluation results in 
the Council work session and after discussion of the relative benefits, Council directed that 
further evaluation of Alternatives 3 and 7A should be conducted. These alternatives 
represent the most viable options for the proposed Lighthouse Point WRF. This additional 
information would allow a final selection between the two alternatives. 

The results of the additional evaluation of Alternatives 3 and 7A were presented in a 
subsequent work session with Council and members of the CWAC. Additional 
requirements to provide treatment for the entire unequalized flow, which would thereby 
eliminate the equalization storage facilities constructed in the Phase 1 Improvements were 
also presented. 

Based on the outcome of the two work sessions, Blaine's City Council unanimously 
approved building the membrane bioreactor facilities described under Alternative 7A for 
the proposed Lighthouse Point WRF. 
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Figure 6-1 Life-Cycle Cost vs. Relative Benefit 
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Figure 6-2 Construction Cost vs. Relative Benefit 

Present Worth vs Relative Benefit

$25.0

$30.0

$35.0

$40.0

$45.0

$50.0

26.0 28.0 30.0 32.0 34.0 36.0 38.0 40.0 42.0

Relative Benefit

Pr
es

en
t W

or
th

 ($
M

)



 

10_SEA31009908373_CHPT_7/050180013 7-1  

CHAPTER 7 

Recommended Plan 

The infrastructure improvements to address the conveyance and treatment needs for the City 
over the next 20-year planning horizon are described in this chapter. This chapter briefly 
describes the recommended improvements proposed that address the wet weather overflow 
needs as part of the Phase 1 improvements, also including the interim improvements to 
maintain treatment capacity at the existing WWTPs. 

The proposed Lighthouse Point WRF includes the infrastructure to be implemented under 
the Phase 2 improvements to provide treatment of the East and Central Blaine flows. The 
Phase 3 improvements include the facilities to convey or treat the West Blaine flows. 

The following is a brief summary of the recommended improvements for the Phase 1 and 
Phase 3 facilities. A detailed summary of the improvements proposed in the Phase 2 facilities 
is also included in this chapter. 

7.1 Interim and Phase 1 Capital Improvements 
This section describes the proposed short-term improvements to the existing WWTP to 
provide reliable treatment until the proposed Lighthouse Point WRF is completed. It also 
describes any longer-term improvements proposed to the existing WWTP to be implemented 
until the long-term treatment solution for West Blaine flow is implemented. 

In addition to the treatment improvements at the existing WWTP, several improvements to 
the conveyance system to address the wet weather overflow conditions are described in this 
section. 

7.1.1 Existing WWTP Interim Improvements 
The short-term and long-term alternatives are described in greater detail in the General 
Sewer Plan (CH2M HILL, 2004). Cost-effectiveness was an important factor in evaluating 
improvements for the WWTP, due to the future abandonment of the existing site. Any 
capital investment at the existing site may divert available funding for future construction. 
The City and its WWTP operational staff have been very proactive in trying to improve the 
performance of the WWTP. The type of testing and modification alternatives that were 
considered include the following:  

• Internal baffle modifications in RBC 
• Addition of effluent filtration 
• Aerobic digesters process modifications 

The City has contracted with another consultant to analyze the potential WWTP 
improvement alternatives and to implement the recommended solution. 
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7.1.2 Conveyance and Wet Weather Storage 
As part of the Phase 1 improvements, the City is addressing the concern of sanitary sewer 
overflows occurring at LS1. The City currently is experiencing significant wet weather flow 
influences in their sewer collection system. During significant rainfall events the capacity of 
the main trunk line along Marine Drive is exceeded with a combination of domestic 
wastewater and stormwater I/I. Under these conditions, overflow occurs at LS1 because of 
limitations of the existing pumps to convey the flow. The existing WWTP has a hydraulic 
capacity limitation of 24 mgd and cannot handle the peak flows without flow equalization 
prior to conveyance to the WWTP site.  

Wet weather storage will be provided under the Phase 1 improvements to accommodate the 
storage needs of these peak flows until such time as the peak flows subside and can be con-
veyed through LS1 to the existing WWTP within the capacity of the existing system. 

The City has contracted with another consultant to plan and design these improvements. An 
estimated storage volume of 400,000 gallons was determined to meet the preliminary system 
capacity needs. Once this system is implemented, the capacity requirements of the proposed 
Phase 2 improvements can be reduced. 

7.1.3 Lift Station 1 Improvements 
The City has previously implemented improvements to LS1 to improve the operation of the 
pumping system and to improve the conveyance capacity of the lift station. No further 
improvements are anticipated until Lift Station No. 1 is converted to the influent pump 
station for the proposed Lighthouse Point WRF under the Phase 2 improvements. 

7.2 Phase 2 Capital Improvements 
This section briefly summarizes the process to select the proposed Lighthouse Point WRF 
and describes in more detail the proposed improvements for the proposed Lighthouse Point 
WRF. 

The designated title of Water Reclamation Facility for the Lighthouse Point treatment plant 
was selected to reflect the direction from the community and the goal to use reclaimed water 
in the future.  It was generally understood that the implementation of reclaimed water 
would require additional planning and regulatory review.  Preliminary discussions have 
occurred with the Department of Health, in addition to other potential users of reclaimed 
water as part of the development of this Facility Plan.  The positive impact on water quality 
due to the implementation of the MBR technology was also a factor in the selection of the 
facility designation. 

7.2.1 Treatment Plant Site 
The conceptual layout of the proposed Lighthouse Point WRF site is shown in Figure 7-1. 
The site is adjacent to the existing location of Lift Station 1 on the north side of Marine Drive. 
The Marine Drive corridor is a mix of commercial and industrial land uses. 

The evaluation of site alternatives for the City’s future wastewater treatment was 
accomplished through a structured decision process. The process used a set of decision 
criteria grouped under five overall objectives for wastewater treatment. In order to ensure  
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that the final decision would represent the priorities of the City’s stakeholder groups, the 
CWAC was formed to help guide criteria development, alternative screening, and decision-
making on the preferred site alternative.  

Thirteen alternatives for the treatment of the City’s wastewater were initially developed for 
evaluation. A fourteenth alternative was later added during the evaluation process. For each 
alternative, a fact sheet was completed to provide sufficient detailed information to allow the 
CWAC to rank alternatives against the evaluation criteria. The fact sheets included 
information on topics presented in Chapter 5, which were designed to correspond to the 
CWAC’s objectives/guiding principles. Based on the results of the analysis, the CWAC 
ultimately recommended to the City Council that the City implement the construction of the 
proposed Lighthouse Point WRF) on Marine Drive to treat flows from Central and East 
Blaine, and ultimately treating flows from West Blaine. 

The plant site along Marine Drive is an area that is not subject to storm induced wave action 
from Puget Sound. The proposed treatment facilities is located in Zone X based on the 
current FEMA maps. Refer to Figure 7-2. No design requirements for wave action have been 
included as a result of the classification of this area. This should also be further confirmed 
with the Flood Division of Whatcom County during the final design phase. 

7.2.2 Treatment Plant Facilities 
This section presents the recommendations from the treatment process evaluation, resulting 
in the development of the process flow schematic, the flow and mass balances analysis, de-
velopment of the hydraulic profile, and the design criteria. The treatment components that 
have been selected for the proposed Lighthouse Point WRF include the following unit 
processes: 

• Preliminary/primary treatment using fine screening and grit removal 
• Secondary treatment using MBR technology 
• Disinfection using UV irradiation 
• Solids handling consisting of thickening and storage 

All treatment processes for the proposed Lighthouse Point WRF will be enclosed in a single 
building, which is referred to as the Facility Building. The facilities layout is described in 
more detail in a later section. 

Process Flow Diagram 
The treatment process systems and their interrelationships for the proposed Lighthouse 
Point WRF are shown in a process flow diagram in Figures 7-3 and 7-4. The process flow 
diagram shows the liquids processes, including a proposed vortex grit removal system, fine 
screening, anoxic and aerobic treatment processes with membrane solids/liquid separation, 
and effluent disinfection. The solids processes are also shown in the process flow diagram, 
including solids thickening and pumping facilities. The City has decided to continue with 
their current solids management plan, which includes thickening and storage onsite 
followed by removal and hauling to offsite facilities for treatment and ultimate disposal. 

Flow and Mass Balance 
A flow and mass balance analysis was completed as part of the preliminary process design 
evaluation. Table 7-1 presents a flow and mass balance for the proposed treatment system at  





Racks of
Cassettes

Air
Separation
Columns

Recirculation
Pump

Backpulse
Pump Backpulse

Water
Storage

Tank

Sodium
Hypochlorite

Metering

Permeate
Pumps

Grit Hydrocyclone

Grit Classifier

Vortex
Grit

Chamber

Screenings
Dumpster

Screenings
Conveyor

Washer/
Compactor

Grit Hydrocyclone

Grit Classifier

Vortex
Grit

Chamber

Fine 
Screening

Anoxic Zones Aerobic Zones

UV Disinfection
System

To Existing 
STP Outfall

MLR

Waste Activated
Sludge Pumps

From Flow
Equalization/
Preliminary 
Screening

From Flow
Equalization/
Preliminary 
Screening

Aeration Basin
Blower(s)

Air Scour
Blower(s)

Ch
an

ne
l

Ch
an

ne
l

Plant Effluent
Pump(s)

RECIRCULATION

To Gravity
Belt Thickener

~

~
~

Aeration Basin/MBR

Aeration Basin/MBR

Aeration Basin/MBR

17
95

97
.S

P.
03

.0
4_

W
01

20
05

00
1B

O
I_

B
la

in
e_

Li
qu

id
sf

lu
x_

re
v7

.a
i_

2/
14

/2
00

5_
jlf

Figure 7-3
Lighthouse Point WRF
Liquids Process Flow Diagram
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TABLE 7-1 
Proposed Lighthouse Point WRF: Flow and Mass Balance 

Constituent 

Raw 
Wastewater 

(RW) 

Main 
Recycled 
Stream 

(Recycle) 

Combined 
RW and 
Recycle 

Fine Screen 
Influent 

Fine Screen 
Effluent 

Bioreactor 
Influent (BI) 

MBR Influent 
(SI) 

MBR Effluent 
(SE) 

Plant Effluent 
(PLE) Main WAS 

WAS 
Thickener 
Influent 
(WAS) 

Thickened 
WAS (TWAS) 

Biosolids to 
Disposal 

WAS 
Thickening 

Recycle (PD) 

Flow (gallons/day) 1,550,000 17,694 1,567,694 1,567,694 1,566,849 1,566,849 1,566,849 1,545,995 1,545,995 20,854 20,854 3,160 3,160 17,694  

Carbonaceous BOD5 (lbs/day) 2,121 18 2,139 2,139 2,001 2,001 26,941 8 8 359 359 341 341 18  

COD (lbs/day) 4,548 89 4,637 4,637 4,303 4,303 131,946 159 159 1,756 1,756 1,667 1,667 89  

TSS (lbs/day) 2,031 83 2,114 2,114 1,797 1,797 125,152 14 14 1,666 1,666 1,582 1,582 83  

VSS (lbs/day) 1,523 62 1,585 1,585 1,350 1,350 92,816 10 10 1,235 1,235 1,174 1,174 62  

TKN (lbs/day) 556 4 560 560 552 552 5,182 10 10 69 69 65 65 4  

NH3-N (lbs-N/day) 388 0 388 388 388 388 1 1 1 0 0 0 0 0  

NO3-N (lbs-N/day) 0 3 3 3 3 3 287 283 283 4 4 1 1 3  

TP (lbs-P/day) 58 1 60 60 57 57 1,673 35 35 22 22 21 21 1  

Alkalinity (lbs/day as CaCO3) 2,587 7 2,594 2,594 2,593 2,593 618 610 610 8 8 1 1 7  

H2S (lbs/day) 78 0 78 78 78 78 0 0 0 0 0 0 0 0  

BOD5 (mg/L) 164 122 164 164 153 153 2,060 1 1 2,060 2,060 12,914 12,914 122  

COD (mg/L) 352 605 354 354 329 329 10,091 12 12 10,091 10,091 63,198 63,198 605  

TSS (mg/L) 157 564 162 162 137 137 9,571 1 1 9,571 9,571 60,000 60,000 564  

VSS (mg/L) 118 418 121 121 103 103 7,098 1 1 7,102 7,102 44,498 44,498 418  

TKN (mg-N/L) 43.0 24 43 43 42 42 396 1 1 396 396 2,481 2,481 24  

NH3-N (mg-N/L) 30.0 0 30 30 30 30 0 0 0 0 0 0 0 0  

NO3-N (mg-N/L) 0.0 22 0 0 0 0 22 22 22 22 22 22 22 22  

TP (mg-P/L) 4.5 10 5 5 4 4 128 3 3 128 128 788 788 10  

Alkalinity (mg/L as CaCO3) 200 47 198 198 198 198 47 47 47 47 47 47 47 47  

H2S (mg/L) 6.0 0 6 6 6 6 0 0 0 0 0 0 0 0  
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the proposed Lighthouse Point WRF. The flow and mass balance shows the liquids and 
solids process streams, as well as the recycle streams. The expected treatment efficiencies for 
the unit processes and overall water reclamation facility are shown in Table 7-2. Table 7-3 
shows the typical flow rate and mass loading factors used for the design and operation of 
WWTPs. 

TABLE 7-2 
Water Reclamation Facility – Expected Removal Efficiencies 

Unit Process 
BOD5 Removal 

Efficiency 
TSS Removal 

Efficiency TKN Removal Efficiency 

Fine Screening 6% 15% 1% 

Membrane Bioreactor 99% 99% 98% 

Overall WRF 99% 99% 98% 

 

TABLE 7-3 
Typical Flow Rate and Mass Loading Factors Used for the Design and Operation of Wastewater Treatment Plant Facilities. 

 Application 

Factor Based on Flow Rate 

Peak Hour Sizing of pumping facilities and conduits, bar rack sizing 

Sizing of physical unit operations: grit chambers, sedimentation tanks, 
and filters; sizing chlorine contact tanks 

Maximum Day Sizing of sludge pumping systems 

Greater-than-one-day-maximum Screening and grit storage 

Maximum Week Record keeping and reporting 

Maximum Month Record keeping and reporting; sizing of chemical storage facilities 

Minimum Hour Sizing turndown of pumping facilities and low range of plant flowmeter 

Minimum Day Sizing influent channels to control solids deposition; sizing effluent 
recycle requirements for tricking filters 

Minimum Month Selection of minimum number of operating units required during low 
flow periods 

 Based on Mass Loading 

Maximum Day Sizing of selected biological processing units 

Greater-than-one-day-maximum Sizing of sludge thickening and dewatering systems 

Sustained Peaks Sizing of selected sludge processing units 

Maximum Month Sizing of sludge storage facilities; sizing of composting requirements 

Minimum Month Process turndown requirement 

Minimum Day Sizing of trickling filter recycles 

Metcalf & Eddy, Inc.: Wastewater Engineering: Treatment, Disposal, and Reuse - Third Edition  
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Hydraulic Profile 
A hydraulic analysis was performed for the proposed unit process configuration at the 
proposed Lighthouse Point WRF. This includes assumptions for the interconnecting 
pipeline and channels between the units, and identification of pumping requirements to 
meet hydraulic head constraints. 

A hydraulic profile was developed to show the water surface elevation throughout the 
treatment system. Figure 7-5 shows the hydraulic profile for two types of MBR process con-
figurations. In one MBR configuration type, the process flow is conveyed by gravity to the 
MBR basins. From the MBR system the effluent is conveyed using permeate pumps for 
discharge to the UV disinfection system. Mixed liquor recycle is pumped back to either the 
anoxic and/or aeration basins.  

In the second MBR configuration type, the process flow is conveyed through pumping to 
the MBR basins. From the MBR system the effluent is again conveyed using permeate 
pumps for discharge to the UV disinfection system. However, in this system, the mixed 
liquor recycle is conveyed by gravity back to either the anoxic and/or aeration basins. 

Figure 7-5 shows the water surface elevations for under an average day flow capacity of 
1.6 mgd and a peak hour flow capacity of 3.1 mgd. 

Treatment Facilities Layout and Floor Plan 
The proposed floor plan for the Facility Building includes individual space for preliminary/ 
primary treatment, secondary treatment, disinfection, and solids handling. Individual 
rooms have also been designated for laboratory, operations, and administration functions, 
HVAC, and electrical functions. The Facility Building will consist of approximately 23,000 
square feet of floor space. Figure 7-6 shows the preliminary layout of the treatment facilities. 

The Headworks area will house the preliminary and primary treatment facilities. The 
process equipment located in the Headworks area includes influent screening, grit removal, 
and dumpsters for collection of screenings and grit. There is also space for truck loading for 
screenings and grit removal. The Headworks area will consist of approximately 3,400 square 
feet of floor space. 

The area for the MBR process will contain the basins and process equipment for advanced 
treatment of wastewater. MBRs utilize immersed membrane equipment in conjunction with 
suspended growth activated sludge aeration. The MBR area will also house the process 
blowers and pumps needed for the activated sludge basins and membrane filtration basins.  

The MBR Room will consist of approximately 8,000 square feet of floor space. 
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Solids handling facilities will be located in the Solids Handling Room. The process equip-
ment to be contained in this room includes a GBT and sludge holding tank. There is also 
space for truck loading for solids removal. The Solids Handling Room will consist of 
approximately 14,500 square feet of floor space. 

UV reactors for disinfection of the plant effluent will be located adjacent to the maintenance 
area, along with effluent pumping equipment and odor control equipment. The combined 
disinfection and pumping area will consist of approximately 1,400 square feet of floor space. 
The maintenance area will consist of approximately 2,700 square feet of floor space. 

7.2.3 Design Criteria 
Table 7-4 presents a summary of the recommended design criteria for the proposed 
Lighthouse Point WRF. Number and size of the treatment process units and the design 
criteria are presented. The number of process units and equipment recommended will be 
reviewed and finalized during the preliminary and final design phases of the WRF project. 
These process decisions include: 

• Types of grit removal process and support equipment 
• Type of mechanical fine screens 
• Type of aeration (blower) and mixing systems 
• Type of membrane equipment system 
• Type of pumping systems 
• Type of UV disinfection system 
• Type of odor control systems 

In addition to the treatment process equipment, the proposed Lighthouse Point WRF site 
will also contain facilities for conveyance and flow equalization. The existing LS1, located 
near the proposed Lighthouse Point WRF site, will be converted to an influent pump 
station. A 400,000-gallon storage basin will be installed upstream of the pump station for 
flow equalization. Effluent pumps for conveyance of plant effluent to the existing outfall in 
Semiahmoo Bay will be located inside the Facility Building.  

Plant Conveyance Facilities 
The plant conveyance systems that are needed for the proposed Lighthouse Point WRF 
include the following facilities: 

• Influent pump station 
• Effluent pump station 
• Yard piping 
• Existing force main along Semiahmoo Spit 
• Intertie to existing outfall in Semiahmoo Bay 

Sizing requirements for the conveyance facilities associated with the proposed Lighthouse 
Point WRF and interties with the existing infrastructure were developed using the hydraulic 
design capacity requirements for the proposed Lighthouse Point WRF that were described 
in Chapter 4. The sizing requirements are summarized on Table 7-5. 
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TABLE 7-4 
Preliminary Design Criteria 

Process Units Design Criteria 

Preliminary/Primary Treatment  
Grit Removal  
 Number of Units (Duty + Standby) / Type 1 + 1 / Vortex 
 Capacity, ea. 3.1 mgd 
Fine Screens  
 Number of Units (Duty + Standby) / Type 1 + 1 / Rotary Mechanical 
 Capacity, ea. / Opening Size 3.1 mgd / 2-mm 
Secondary Treatment  
Number of Treatment Trains (Design / Future) (3 / 3) 
Anoxic Basins  
 Number / Volume per Train 1 Basin / 54,272 gal 
 Sidewater Depth 18-ft 
 Firm Capacity Detention Time @ MM Flow / PH Flow 1.66 hr / 0.84 hr 
 Firm Capacity Design SRT / Design MLSS 3.5 days / 8,390 mg/L 
Anoxic Mixing System  
 Number per Basin / Type 2 / Submersible Mixer 
 Horsepower, ea. 3 HP 
Aeration Basins  
 Number / Total Volume per Train 3 Basins / 135,094 gal.(total) 
 Sidewater Depth 18 
 Firm Capacity Detention Time @ MM Flow / PH Flow 4.2 hr / 2.1 hr 
 Design SRT (Aerobic/MBR) / Design MLSS 11.5 days / 8,390 mg/L 
Process Aeration System  
 Type Fine Bubble Diffused Aeration 
 Number / Type of Blowers 3 / Centrifugal Blower 
 Horsepower, ea. 170 HP 
Membrane Basins  
 Number Membranes per Train / Volume per Train 3 Cassettes / 15,500 gal 
 Sidewater Depth 12 ft 
 Detention Time @ Avg. Flow / Max. Flow 1.5 hr / 0.5 hr 
 Design MLSS 10,400 mg/L 
Membrane Equipment TBD 
Membrane Aeration System  
 Diffuser Type Coarse Bubble Diffused Aeration 
 Number / Type of Blowers 3 / Centrifugal Blower 
 Horsepower, ea. 20 HP 
Permeate Pumps  
 Number / Type of Pump 4 / Vacuum 
 Capacity, ea. / Horsepower, ea. 1,400 gpm / 10 HP 
Recirculation Pumps  
 Number / Type of Pump 2 / Axial-Flow 
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TABLE 7-4 
Preliminary Design Criteria 

Process Units Design Criteria 

 Capacity, ea. / Horsepower, ea. 700 gpm / 5 HP 
Waste Activated Sludge Pumps  
 Number / Type of Pump 3 / Solids Handling Centrifugal 
 Capacity, ea. / Horsepower, ea. 60 gpm / 3 HP 
Disinfection System  
UV Disinfection  
 Channels / Modules per Channel 2 / 8 Modules 
 System Type / Capacity (per Channel) Low pressure / 3.1 mgd 
Solids Treatment  
Waste Sludge Storage  
 Number / Volume per Tank 1 / 20,000 gal 
 Number / Type of Mixing System 1 / Submersible Mixer 
Sludge Thickening System  
 Number / Type 1 / Gravity Belt Thickener 
 Size / Hydraulic Loading 1-meter belt / 150 gpm/meter 
Thickened Waste Sludge Pumping  
 Number / Type of Pump 2 / Progressing Cavity 
 Capacity, ea. / Horsepower, ea. 50 gpm / 7.5 HP 
Thickened Waste Sludge Storage  
 Number of Tanks / Volume per Tank 1 / 20,000 
 Number / Type of Mixing System 1 / Submersible Mixer 
Chemical Systems  
Sodium Hypochlorite Storage  
 Number of Tank / Type 1 / Polypropylene 
 Capacity, ea. 400 gal 
Sodium Hypochlorite Pumping  
 Number / Type of Pump 2 / Chemical metering 
 System Demand 2,050 lb/year 
 Capacity, ea. 2 gpm 
Citric Acid Storage  
 Number of Tanks / Type 1 / Fiberglass Reinforced Plastic 
 Capacity, ea. 400 gal 
Citric Acid Pumping  
 Number / Type 2  / Chemical metering 
 System Demand 7,232 lbs/year 
 Capacity, ea. 2 gpm 
Polymer Storage  
 Number of Tank / Type 1 / Fiberglass Reinforced Plastic 
 Capacity, ea. 400 gal 
Polymer Pumping  
 Number / Type of Pump 2 / Chemical metering 
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TABLE 7-4 
Preliminary Design Criteria 

Process Units Design Criteria 

 System Demand 3.3 lbs/hr 
 Capacity, ea. 1 gph 
Odor Control Systems  
Influent Lift Station Odor Control  
 Number / Type  
 Capacity, ea. / Design Removal Percent  
Headworks and Solid Process Odor Control  
 Number / Type 1 / Chemical Scrubber 
 Capacity, ea. / Design Removal Percent 12,000 cfm / XXX 
Notes: 
1. Firm Capacity = one unit off line and out of service (i.e. only 2 aeration basins in service with 3 MBR 

channels). 
2. MM = Max Month Flow (1.55 mgd); PH = Peak Hour Flow (3.1 mgd) 
 

 

TABLE 7-5 
Hydraulic Design Criteria for Proposed Lighthouse Point WRF 

 

Minimum 
Flow 
(mgd) 

Annual 
Average 

(mgd) 

Maximum 
Month 
(mgd) 

Dry 
Weather 

Peak Hour 
(mgd) 

Wet 
Weather 

Peak Hour 
(mgd) 

Equalized 
Peak Hour 
Flow (mgd) 

Central & East 
Blaine 0.31 0.77 1.11 1.39 5.50 2.40 

West Blaine 0.09 0.23 0.39 0.41 1.64 0.70 

City of Blaine 
Total 0.40 1.00 1.50 1.80 7.14 3.10 

 

Also included in the table are the peak flow rates during wet weather conditions following 
flow equalization. Projected wet weather flows for the City in the year 2023 were used in 
conjunction with optimized flow equalization volume to establish the hydraulic capacity for 
the proposed Lighthouse Point WRF and the plant conveyance facilities. 

The proposed Lighthouse Point WRF will be located at the site of LS1 along Marine Drive in 
Central Blaine. The existing lift station, LS1, which is currently used to convey raw sewage 
flows from East and Central Blaine to the City’s existing WWTP, will be converted to an 
influent pump station for the proposed Lighthouse Point WRF. Other modifications that are 
planned for the proposed Lighthouse Point WRF site include installation of a 400,000-gallon 
flow equalization basin. The flow equalization basin will be upstream of the influent pump 
station, and will regulate the wet weather peak flow rate to a maximum of 3.1 mgd. Thus, 
the pumps for the influent and effluent pump stations will be sized for a capacity of 
3.1 mgd. 



CHAPTER 7 RECOMMENDED PLAN  

10_SEA31009908373_CHPT_7/050180013 7-23 

Hydraulic Capacity and Design Requirements for Pump Stations 
The preliminary design and sizing requirements for the influent and effluent pump stations 
are based on the following design criteria: 

• Each pump station shall be equipped with a minimum of two pumps and satisfy the 
Ecology requirements for firm capacity requirements under peak flow conditions. 

• Each pump shall be equipped with a variable frequency drive to accommodate varying 
flow conditions. 

• Meet the applicable requirements of the Ecology Criteria for Sewage Works Design (i.e., 
"Orange Book"). 

Influent Pump Station: The influent pump station will be sized with sufficient hydraulic 
capacity to convey up to 3.1 mgd of wastewater from the flow equalization basin to the 
headworks of the proposed Lighthouse Point WRF. The existing lift station LS1 located at 
the site of the proposed Lighthouse Point WRF will be reconfigured to function as the 
influent pump station for the proposed Lighthouse Point WRF. 

Lift station LS1 is currently outfitted with two 1,750-gpm pumps that are equipped with 
100-hp motors and variable frequency drives (VFDs). In order to convey influent under all 
flow conditions through 200 feet of 12-inch pipe to the headworks of the proposed 
Lighthouse Point WRF, the existing pumping facilities at LS1 will be replaced with three (3) 
1,075-gpm pumps. This arrangement provides two (2) pumps in service with one (1) pump 
in standby to achieve the firm capacity. Each pump will be equipped with a 15-hp motor 
and VFD. The existing wet well will be modified to minimize the amount of solids 
deposition in the structure and promote self-cleaning velocity under average flow 
conditions. 

Effluent Pump Station: The effluent pump station will be designed to convey up to 3.1 mgd 
of plant effluent to the City’s existing outfall pipe in Semiahmoo Bay. The effluent pump 
station will be located at the site of the proposed Lighthouse Point WRF, adjacent to the 
disinfection process. 

The effluent pump station will also be outfitted with three (3) pumps. Each pump will have 
sufficient hydraulic capacity to convey up to 3.1 mgd of effluent to the City’s existing 
24-inch outfall. This arrangement will also provide two (2) pumps in service with one (1) 
pump in standby to achieve the firm capacity. Based on these design requirements, each 
pump will have a capacity of 1,075-gpm, and will be equipped with a 125-hp motor and 
VFD. A pump station wet well will be provided for the pump suction. 

The preliminary design criteria for conveyance facilities needed to support the proposed 
Lighthouse Point WRF are summarized on Table 7-6. 

Hydraulic Capacity and Design Requirements of Conveyance Pipes  
In this section, hydraulic capacity requirements are identified and evaluated for existing and 
proposed conveyance pipes that will serve the proposed Lighthouse Point WRF. The 
following hydraulic design guidelines were used to size conveyance pipes: 

• Fluid velocity in force mains of between 2 and 8 feet per second (fps). 
• Optimum fluid velocity of between 3 and 5.5 fps in force mains. 
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TABLE 7-6 
Design Criteria for Pump Stations 

Influent Pump Station 

No. of Pumps 3 (2 Duty, 1 Standby) 

Pump Type Submersible Non-Clog Centrifugal 

Pump Capacity 1,075 gpm (1.55 mgd) 

Total Dynamic Head (est.) 25 ft. 

Motor Horsepower 15 hp 

Drive Type Variable 

Effluent Pump Station 

No. of Pumps 3 (2 Duty, 1 Standby) 

Pump Type Vertical Non-Clog Centrifugal 

Pump Capacity 1,075 gpm (1.55 mgd) 

Total Dynamic Head (est.) 250 ft. 

Motor Horsepower 125 hp 

Drive Type Variable 
 

The existing force main that currently conveys sewage from LS1 to the existing WWTP on 
Semiahmoo Spit will be evaluated to determine its hydraulic capacity. Hydraulic capacity 
requirements for proposed force mains associated with the influent and effluent pump sta-
tions, and a proposed bypass pipe to divert the effluent from the proposed Lighthouse Point 
WRF to the existing outfall will also be determined. 

Influent and Effluent Pump Station Yard Piping: Approximately 200 feet of yard piping 
will be required to convey wastewater from the influent pump station to the plant head-
works. The conveyance pipe must be capable of handling a peak flow of 3.1 mgd, or 
2,200 gpm. Based on the previously stated conveyance pipe design guidelines, the optimum 
pipe diameter for a flow of up to 2,200 gpm is 12 inches. Thus, approximately 200 feet of 
12-inch pipe is required to convey wastewater from the influent pump station to the 
headworks of the proposed Lighthouse Point WRF. The effluent pump station will convey 
effluent from the disinfection process (UV disinfection) to the existing 14-inch force main 
under the mouth of the harbor. Approximately 100 feet of 14-inch pipe is needed to connect 
the effluent pump station with the existing 14-inch force main. 

Existing Conveyance Pipe Under Harbor and Along Semiahmoo Spit: The existing pipe 
that is currently being used to convey flows from East and Central Blaine to the Blaine 
WWTP will be reconfigured to discharge reclaimed water from the proposed Lighthouse 
Point WRF to the City’s existing outfall. The alignment of the existing conveyance pipe 
follows the Semiahmoo Spit, and consists of approximately 3,600 feet of 14-inch pipe under 
the mouth of the harbor and 6,800 feet of 10-inch pipe between the mouth of the harbor and 
the existing WWTP located on the westernmost edge of Semiahmoo Spit. 

Using the projected peak flow rate for 2023 in conjunction with the previously stated 
hydraulic design guidelines, the hydraulic capacity of the existing 10-inch and 14-inch pipes 
was evaluated. At 2,200 gpm (3.1 mgd), the flow in the 14-inch pipe has a velocity of 5 fps, 
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which is in the optimal range. Under the same flow conditions, the velocity in the 10-inch 
pipe is 9 fps, slightly higher than the acceptable upper limit of 8 fps.  

It is worth noting that the 2,200-gpm peak flow rate corresponds to a future scenario where 
all of the City’s wastewater is treated at the proposed Lighthouse Point WRF. This scenario 
would only apply if the City chooses to convey West Blaine's flow to the proposed 
Lighthouse Point WRF when the existing WWTP at the west end of Semiahmoo Spit is 
abandoned. Under the current scenario in which the proposed Lighthouse Point WRF only 
treats flows from Central and East Blaine, the projected wet weather peak flow for 2023 is 
2.4 mgd, or 1,700 gpm. At this flow rate, the velocity in the 10-inch pipe is well within the 
acceptable range at 7 fps. Thus, the existing 10-inch pipe along Semiahmoo Spit has 
sufficient carrying capacity to convey the effluent from the proposed Lighthouse Point WRF 
under the scenario that includes two treatment facilities. This avoids requiring the upsizing 
of the 10-inch pipe until the existing WWTP is abandoned and the proposed Lighthouse 
Point WRF is treating all of the City’s wastewater. 

Proposed Bypass Pipe around the Existing WWTP: In order to discharge treated effluent 
from the proposed Lighthouse Point WRF to the City’s existing outfall in Semiahmoo Bay, a 
bypass pipe is needed around the existing WWTP at the west end of Semiahmoo Spit. 
Approximately 600 feet of pipe is required to redirect the effluent from the WRF around the 
existing WWTP headworks and into the existing 24-inch outfall pipe. The required pipe 
diameter for the bypass pipe is 12 inches, which is sufficient to handle a peak flow of 2,200 
gpm without exceeding the maximum allowable fluid velocity of 8 fps. 

Special consideration must be given to the alignment of the bypass pipe in order to avoid 
the potential encounter of cultural artifacts that have been previously discovered on 
Semiahmoo Point near the site of the existing WWTP. It will be necessary to construct an 
aboveground bypass pipe in order to prevent possible disturbance of the buried artifacts. 

Solids Management Plan 
The solids management plan for the proposed Lighthouse Point WRF is to contract the 
transportation, management, and ultimate disposal of the biosolids to an outside contractor. 
The City currently contracts biosolids management at their existing WWTP with Tjoelker 
Sludge Farm for ultimate treatment and disposal. A copy of the City's contract with Tjoelker 
is included in Appendix F. A copy of Tjoelker's Solids Disposal Permit is included in the 
Appendix G. The City also contracts with an outside contractor to haul the biosolids to the 
Tjoelker facilities. 

The City would negotiate a new long-term contract for the proposed Lighthouse Point WRF 
that would provide this same service over the defined planning horizon. The contractor 
would be responsible for providing transportation, permitted solids management sites, 
additional processing or application, monitoring and administration, and management of 
equipment, facilities, and staff for providing ultimate solids disposal. The contractor would 
assume complete responsibility for compliance with local, state, and federal laws and any 
damages associated with transportation and use of the biosolids under current laws. 

Solids thickening and storage facilities will be provided at the proposed Lighthouse Point 
WRF. Design criteria for these facilities are shown on Table 7-4. Waste solids will be 
thickened using a gravity belt thickener and then conveyed to a storage tank until they can 
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be pumped into a tanker truck for hauling to the Tjoelker facility for ultimate treatment and 
disposal. 

If the City decides at some point to provide treatment of biosolids at the WRF, additional 
facilities would be required to stabilize, dewater, haul, and dispose of the biosolids. 

Effluent Disposal and Reuse Potential 
For the proposed Lighthouse Point WRF, the City will continue to use the existing outfall. 
There may be a potential with the reuse quality effluent water to use an alternative outfall 
somewhere in the vicinity of the WWTPs. However, for purposes of this Facility Plan, 
alternative outfall locations are not being considered at this time due to the critical schedule 
required to construct the proposed Lighthouse Point WRF and place it in operation. An 
alternative outfall would not be implemented prior to 2009. 

The Washington State Department of Health previously banned the shellfish harvest in 
Drayton Harbor due to high fecal coliform levels. The high coliform counts also prompted 
Ecology to place the harbor and its tributary, Dakota Creek, on the State’s list of “impaired” 
water bodies. In addition, the Washington State Department of Health has closed a zone 
around the City's effluent outfall into Semiahmoo Bay to harvest as a precautionary meas-
ure. A letter from the Washington State Department of Health on the shellfish issue is 
included in Appendix O. With the proposed Lighthouse Point WRF discharging high water 
quality, there may be opportunities in the future to reduce the shellfish closure zone 
associated with the outfall, as well as potential alternative outfall locations with the reuse 
quality water produced by the membrane technology used in the proposed Lighthouse 
Point WRF. 

An additional benefit to the reuse quality water produced by the proposed Lighthouse Point 
WRF is the potential option for the outfall alternatives, including potential wetlands 
enhancement and discharge to a closer location with a new outfall. 

Water reclamation and reuse is a concept gaining considerable recognition in Washington as 
both a supplemental water supply option for non-potable use and a wastewater discharge 
alternative. In addition, the public may find that water reuse is more economically and 
environmentally sound than development of traditional water supplies, such as construc-
tion of dams. For wastewater discharges, water reuse might present an opportunity for an 
overall decrease in pollution and/or provide the ability to meet more stringent water qual-
ity requirements when it replaces conventional wastewater discharges to sensitive surface 
waters. 

Ecology and the Washington State Department of Health issued Water Reclamation and Re-
use Standards that were finalized in 1997. The standards are based primarily on a specified 
level of treatment, which, in turn, is based on the end use of the reclaimed water. The treat-
ment requirements for the use of reclaimed water are divided into four designated classes 
ranging from Class A, the most highly treated effluent with the greatest number of allow-
able uses, to Class D, which has the most restrictive level of uses.  

There are several potential uses for reclaimed water within the City, including, but not 
limited to, golf courses on Semiahmoo and light industrial uses. The City conducted a 
feasibility study of reuse water for the golf course in 1992 (CH2M HILL, 1992) as one of the 
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major potential uses for reuse water within the City. It is not known at this time what the 
potential demand is, but the City will have the ability to provide reclaimed water with the 
construction of the proposed Lighthouse Point WRF on Marine Drive. The membrane 
technology recommended for the proposed Lighthouse Point WRF will allow the City to 
produce reuse quality effluent. 

Odor Control Facilities 
This section describes the preliminary design requirements that address odor mitigation for 
the proposed Lighthouse Point WRF. Specific objectives for odor control are to provide the 
necessary odor control containment and treatment equipment so that there are minimal de-
tectable odors outside the WRF. The following conveyance and treatment processes at the 
proposed Lighthouse Point WRF have been identified as potential sources of odor 
emissions: 

• Influent pump station wet well 
• Influent screening and grit removal processes 
• Gravity belt thickener and biosolids storage 
• Aeration basins and membrane basins 

The influent pump station will consist of a belowgrade structure that contains a wet well 
and submersible pumps. Because influent wastewater is occasionally septic, the potential 
exists for emission of hydrogen sulfide and other odorous gases into the air. 

The solids handling processes contained within the Headworks and Solids Handling areas 
are typically the source of the strongest odors; odor complaints would be expected if these 
facilities were not equipped with odor control equipment. The aeration basins and mem-
brane basins in the MBR area have a much lower potential to generate objectionable odors 
than the other processes located in the Facility Building; however, the possibility exists for 
odor generation from these basins. 

Design Criteria for Odor Control: There are two potential alternatives for the City to pro-
vide odor control for the proposed Lighthouse Point WRF. The first alternative would 
consist of ventilating each process room within the Facility Building to odor control 
equipment. This option would ensure odor control for each odor source and minimize the 
potential for fugitive odors. However, this option requires odor control for a much larger 
volume of air, increasing the capital and O&M costs for the odor control equipment. 

To reduce the required volume of air to be treated, smaller containment can be placed over 
the process equipment with the foul air inside those covers venting to the odor control 
equipment. Odorous air is typically contained either by enclosing odor sources in contain-
ment rooms, providing hoods or equipment enclosures, or by covering the source if it is a 
process basin. These enclosures must be resistant to corrosion. 

Ventilation rates are typically governed by the NFPA standards for fire protection in 
wastewater applications, ventilation rates required based on the Industrial Ventilation 
guidance manuals, and field experience with worker comfort and safety. Ventilation rates 
should be high enough to capture the odors and to keep the contained environment either 
acceptable for workers or non-corrosive for the materials, such as concrete. From this 
perspective, high ventilation rates are better. It is also desirable to minimize ventilation rates 
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so that the fan and scrubber system costs are low. These costs include both the initial capital 
investment and the cost to operate the system over time. Selection of the actual ventilation 
rate must strike a balance between these two opposing issues. The following rules of thumb 
are offered as basic guidance for initial ventilation design criteria. In all cases, the guideline 
that results in the highest ventilation rate will govern. 

• For particularly odorous areas that will be occupied, such as rooms with open belt filter 
presses or truck loading bays for loading sludge cake, use 12 to 20 ACH. 

• For covered basins that are not occupied, use 6 ACH. 

• Sweep velocities along channels being ventilated should be at least 50 feet per minute; 
100 feet are desirable. 

• Capture velocities on makeup air openings (including cracks) should be at least 200 feet 
per minute. 

• For tightly closed conveyor systems (e.g., screw conveyors), use 10 cfm per foot of 
conveyor. 

• For capturing odorous air from a process aeration source, such as aeration basins or 
forced-air covered trickling filters, ventilate the process at a rate 10 percent higher than 
the peak supply air. 

• Once airflows are set, carefully review the airflow patterns to ensure sweep air patterns 
do not leave dead pockets without ventilation.  

Design Requirements for Odor Control: The alternative that minimizes the volume of air to 
be treated is recommended to minimize the capital and annual costs for the odor control 
equipment. Many of the process equipment units have covers and/or enclosures already 
incorporated into the design proposed and are reflected in the cost estimate. The odor con-
trol features of this alternative include the following: 

• Cover over the influent pump station wet well and ventilation of the process air. 

• Enclosures for screenings equipment, grit removal channel, and screenings/grit storage 
bins within the Headworks area. Also includes ventilation for the truck loading area. 

• Enclosure for gravity belt thickener, covers on the sludge holding tank, and ventilation 
for the truck loading area within the Solids Handling Room. 

• Covers for the MBR basins and ventilation of the process air from those basins. 

• Odor control equipment for treatment of odorous air from both these odor sources. 

The design criteria on Table 7-7 were used as the basis for selecting, sizing, and estimating 
costs for odor control equipment. 
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TABLE 7-7 
Odor Sources and Design Criteria with Covers and Enclosures  

Odor Source 
Area 
 (ft2) 

Height 
 (ft) 

Volume 
 (ft3) ACH 

Flowrate 
(cfm) 

Influent pump station wet well 100 10 1,000 6 100 

Influent screening equipment and basin 420 4 1,680 6 168 

Grit removal basin 175 4 700 6 70 

Dumpster area/truck loading 900 20 18,000 20 6,000 

Sludge holding tank 200 4 800 6 80 

Gravity belt thickener 450 10 4,500 12 900 

Solids truck loading 200 20 4,000 20 1,333 

MBR basins 1,000 4 4,000 6 400 

Anoxic/aerobic basins 3,200 4 12,800 6 1,280 

    Total 10,331 

 

Noise Control Facilities 
This section describes the preliminary design requirements that address noise mitigation for 
the proposed Lighthouse Point WRF. Specific objectives for noise abatement are to satisfy 
the requirements for protection of human health and safety as administered by Ecology, 
WAC 173-60-040. In general, noise abatement will be provided to reduce the negative 
impact of noise transmission from equipment and other plant-related activities to the 
surrounding areas of public use. 
Noise Considerations and Sources: Environmental noise effects on human populations in-
clude speech interference, sleep disturbance, and annoyance. Some typical noise levels en-
countered in an urban environment include the following: 

• Normal conversation ranges between 55 and 65 dBAs when the speakers are 3 to 6 feet 
apart. 

• Quiet urban nighttime noise dBAs typically fall in the low 40s. 

• Noise levels during the day in a noisy urban area are frequently as high as 80 dBA. 

• Noise levels above 110 dBA become intolerable and can result in hearing loss. 

State and local governments have primary responsibility for controlling noise sources and 
regulating outdoor noise levels in the environment. WAC 173-60-040 establishes noise limits 
that vary according to the land use of the property where the noise source is located and the 
property receiving the noise; these noise limits are administered by Ecology. Ecology’s 
maximum permissible noise levels are shown on Table 7-8. Treatment plant construction 
noise is exempt under WAC 173-60-050, and thus is not addressed in the noise abatement 
measures described. 
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TABLE 7-8 
Ecology’s Maximum Permissible Noise Levels (dBA) 

Land Use 
of Noise Source 

Land Use of Receiving Property 

Residential 

Commercial Industrial Day Night1 

Residential 55 45 57 60 

Commercial 57 47 60 65 

Industrial 60 50 65 70 
1Maximums are 10 dBA lower than nighttime levels for residential property from 10 p.m. to 7 a.m. 
Source: WAC 173-60-040. 

The following types of operational noise sources are associated with the proposed 
Lighthouse Point WRF: 

• Noise from the operation of mechanical equipment, including pumps, blowers, fans, and 
centrifuges. These planned activities would occur on a continuous basis. 

• Noise from routine O&M activities, including screening and grit hauling, and biosolids 
treatment and handling. These planned activities would typically occur for a short 
duration of time and during normal working hours. 

• Noise from standby power generation facilities (to be used as backup power for treat-
ment facilities and pump stations during a power outage). When needed, standby power 
generators will operate on a continuous basis until power is restored. 

• Noise from emergency operation, maintenance, and repair activities. These are unantici-
pated conditions that may require nighttime work, and could pose significant noise 
impacts. 

Design Requirements for Noise Abatement: For mitigation of noise from the influent 
pump station, all equipment will be housed in an enclosed structure. Ventilation air intakes 
and exhausts will be placed in a direction facing away from sensitive receivers. Noise re-
duction-related acoustic louvers and duct silencers will be selected to reduce transmission of 
indoor noise to the outdoor environment. Noise levels immediately outside of the enclosure 
will be at or below the level stated on Table 7-8 for an industrial noise source and a commer-
cial receiving property. 

For noise abatement at the Facility Building, all noise-generating equipment will be con-
tained inside the building. Noise sources such as pumps, fans, blowers, and centrifuges will 
be designed with the necessary noise-reduction features to limit noise impacts immediately 
outside of the Facility Building to the level stated on Table 7-7 for an industrial noise source 
and a commercial receiving property. This level of noise abatement will allow the proposed 
Lighthouse Point WRF to be consistent with ambient noise levels. The City may decide to 
impose more stringent noise standards during the design of the WWTP. 
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Visual Mitigation and Architectural Features 
The objective for visual mitigation is to develop a treatment facility that is consistent with 
the City’s Master Plan of the area, compatible with the surrounding marine setting, and 
promotes public use of the adjacent site. Essential visual features for the proposed 
Lighthouse Point WRF have been identified using artist’s renderings from the recently 
conducted design charette. 

The visual mitigation concepts for the proposed Lighthouse Point WRF were developed 
during several design charettes, which were previously conducted by Christensen Design 
Management, the City staff, and the CWAC. The main objective of the design charette was 
to identify and develop architectural concepts for the proposed Lighthouse Point WRF that 
would be compatible with the surrounding physical and cultural environment at 
Lighthouse Point and the City’s Master Plan. The following features were identified during 
the design charettes to provide visual mitigation for the proposed Lighthouse Point WRF: 

• Lighthouse (historical attraction) 
• Roof plaza for pedestrians 
• Beach enhancement and picnic area 
• Landscaping and building materials 
• Public parking and restrooms 

The visual mitigation strategy developed by the CWAC during the design charettes strives 
to integrate the proposed Lighthouse Point WRF into the surrounding marine environment 
by providing a lighthouse, picnic grounds, and walking paths along the beach. Public use of 
the site is promoted through public restrooms, parking along Marine Drive, and a roof plaza 
over part of the Facility Building that provides public access to the lighthouse as well as a 
scenic overlook of the beach and Semiahmoo Bay. Other features include a beach 
enhancement area, a raised plateau area for picnic tables, a covered walkway, and access to 
an existing marina. 

Extensive landscaping will also be used to provide a visual screen to the proposed 
Lighthouse Point WRF from the road and other public use areas. The design elements of the 
visual mitigation strategy outlined above will be incorporated into the design of the 
proposed Lighthouse Point WRF.  

Operations and Maintenance Staffing Requirements and Testing Requirements 
Staffing was estimated using the Water Environment Federation (WEF) Manual of Practice No. 8 
(MOP 8) staffing for a municipal wastewater treatment plant in the 1- to 5-mgd range, and 
reviewed with City of Blaine Public Works staff.  Table 7-9 presents the current staff at the 
existing WWTP and the proposed staff for the new WRF. 

Testing requirements for the new WRF are consistent with those currently utilized at the 
existing sewage treatment plant. The new WRF will operate under the guidelines of the 
current NPDES and associated monitoring and testing requirements within. As reuse 
opportunities for the WRF effluent are identified for future use, additional testing may be 
required.  
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TABLE 7-9 
Staffing Requirements 

Staff Area 
Full Time Equivalents 

Current Staffing Recommended Staffing 

Management 1.0 1.0 

Operations 1.0 4.0 

Maintenance 1.0 0.5 

Laboratory -- 1.0 

Clerical -- 1.0 

Total 3.0 7.5 

 

Treatment Facility Future Expansion  
The preliminary layout of the proposed Lighthouse Point WRF accounts for a level of 
expansion to accommodate future flow and loads beyond those included in the 2023 design 
criteria. The operating parameters of the secondary treatment system can be modified, 
allowing for an increase in treatment capacity. In particular, the MBR basin will be sized 
with spare space for additional membrane cassettes. The MLSS concentration within the 
bioreactor can be increased. The anoxic and aerobic zones will be sized to allow for in an 
increase in water surface, resulting in a larger bioreactor volume if warranted. The 
associated equipment for the bioreactor will be modified accordingly as the increase in 
capacity is required. These modifications to the secondary treatment system provide an 
increase in design flow from 1.55 mgd to 2.1 mgd. Table 7-10 lists the resulting design 
criteria and capacity for the future expansion. 

TABLE 7-10 
Proposed Lighthouse Point WRF: Future Expansion 

Parameter 2023 Design Criteria Future Expansion 

Max Month Flow 1.55 mgd 2.1 mgd 

Dry Weather Peak Hour Flow 3.1 mgd 4.2 mgd 

Total SRT 15 days 15 days 

Anoxic/Aerobic MLSS 7,700 mg/L 10,300 mg/L 

MBR MLSS 9,600 mg/L 12,900 mg/L 

 

The remaining unit processes within the WRF will need to accommodate the future 
expansion flow and load. An evaluation of the expansion requirements for these unit 
processes will be completed in the design stage of the project. The evaluation will determine 
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the economic viability of sizing equipment to accommodate the future expansion, or 
whether replacement with future equipment is warranted. 

7.2.4 Reliability and Redundancy Requirements 
EPA requires that wastewater facilities meet the requirements for reliability and redun-
dancy in their treatment components and associated equipment. The reliability standards 
establish minimum levels of reliability for three classes of waterwater works. Ecology 
defines the reliability classifications in the Criteria for Sewage Works Design (the "Orange 
Book") and the applicable classification shall be established by the City and approved by 
Ecology. The guidelines for classifying Wastewater Works are defined in the following 
Table 7-11. 

Ecology provides further guidance on the general requirements for facilities in each reliabil-
ity classification in the Criteria for Sewage Works Design (the "Orange Book") as shown on 
Table 7-12. 

The proposed Lighthouse Point WRF will discharge effluent through the existing outfall. 
The outfall is located in an area that includes a shellfish closure zone. Based on the 
discharge point, the proposed Lighthouse Point WRF shall be designed for Class I 
reliability.  

TABLE 7-11 
Guidelines for Classifying Wastewater Works 

Reliability 
Class Guideline 

I These are 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 char-
acter, could permanently or unacceptably damage or affect the receiving waters or public 
health if normal operations were interrupted. 

Examples of Reliability Class I works are those with a discharge or potential discharge near 
drinking water intakes, into shellfish waters, near areas used for water contact sports, or in 
dense residential areas. 

II These are 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). 

Examples of a Reliability Class II works are works with a discharge or potential discharge 
moderately distant from shellfish areas, drinking water intakes, areas used for water contact 
sports, and residential areas. 

III These are works not otherwise classified as Reliability Class I or Class II. 

Source: Criteria for Sewage Works Design, December 1998, Washington State Department of Ecology. 
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TABLE 7-12 
General Requirements for Each Reliability Classification 

Reliability 
Class General Requirements 

I For components included in the design of Reliability Class I works, the following backup 
requirements apply: 

A. Mechanically Cleaned Bar Screens. A backup bar screen, designed for mechanical or 
manual cleaning, shall be provided. Facilities with only two bar screens shall have at least 
one bar screen designed to permit manual cleaning. 

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

C. Comminution Facility. If comminution of the total wastewater flow is provided, an over-
flow bypass with a manually installed or mechanically cleaned bar screen shall be provided. 
The hydraulic capacity of the comminutor overflow bypass should be sufficient to pass the 
peak flow with all comminution units out of service. 

D. Primary Sedimentation Basins. The units should be sufficient in number and size so 
that, with the largest-flow-capacity unit out of service, the remaining units should have a 
design flow capacity of at least 50 percent of the total design flow. 

E. Final Sedimentation Basins and Trickling Filters. The units shall be sufficient in num-
ber and size so that, with the largest-flow-capacity unit out of service, the remaining units 
shall have a design flow capacity of at least 75 percent of the total design flow. 

 

F. Activated Sludge Process Components. 

      1. Aeration Basin. A backup basin will not be required; however, at least two equal-
volume basins shall be provided. (For the purpose of this criterion, the two zones of a con-
tact stabilization process are considered as only one basin.) 

      2. Aeration Blowers or Mechanical Aerators. There shall be a sufficient number of 
blowers or mechanical aerators to enable the design oxygen transfer to be maintained with 
the largest-capacity-unit out of service. It is permissible for the backup unit to be an un-
installed unit, provided that the installed units can be easily removed and replaced. How-
ever, at least two units shall be installed. 

      3. Air Diffusers. The air diffusion system for each aeration basin shall be designed so 
that the largest section of diffusers can be isolated without measurably impairing the oxygen 
transfer capability of the system. 

G. Disinfectant Contact Basins. The units shall be sufficient in number and size so that, 
with the largest-flow-capacity unit out of service, the remaining units shall have a design flow 
capacity of at least 50 percent of the total design flow. 

II The Reliability Class I requirements shall apply except as modified below: 

D/E. Primary and Final Sedimentation Basins and Trickling Filters. The units shall be 
sufficient in number and size so that, with the largest-flow-capacity unit out of service, the 
remaining units shall have a design flow capacity of at least 50 percent of the design basin 
flow. 
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TABLE 7-12 
General Requirements for Each Reliability Classification 

Reliability 
Class General Requirements 

III The Reliability Class I requirements shall apply except as modified below: 

D/E. Primary and Final Sedimentation Basins. There shall be at least two sedimentation 
basins. 

F. Activated Sludge Process Components. 

      1. Aeration Basin. A single basin is permissible. 

      2. Aeration Blowers/Mechanical Aerators or Rotors. There shall be at least two 
blowers, mechanical aerators, or rotors available for service. It is permissible for one of the 
units to be uninstalled, provided that the installed unit can be easily removed and replaced. 
Aeration must be provided to maintain sufficient DO in the tanks to maintain the biota. 

Source: Criteria for Sewage Works Design, December 1998, Washington State Department of Ecology. 

7.3 Phase 3 Capital Improvements 
The improvements implemented in Phase 3 will address the wastewater treatment and con-
veyance needs for the West Blaine community. Initially, the flows from West Blaine will 
continue to be treated by the existing WWTP, which should have sufficient hydraulic and 
treatment capacity once the East and Central Blaine flows are being treated through the 
proposed Lighthouse Point WRF. There are four potential long-term solutions to treat flows 
from West Blaine that were originally considered. 

• Convey to proposed Lighthouse Point WRF on Marine Drive (Alternative 1) 
• Build new WWTP/WRF located in Semiahmoo (Alternative 2) 
• Convey West Blaine flows to existing Birch Bay WWTP (Alternative 3) 
• Build new regional WWTP/WRF for West Blaine and North Birch Bay (Alternative 4) 

The first three of these alternatives have been considered for further analysis. Alternative 4 
would potentially be a variation of Alternative 2 and would require significant coordination 
and cooperation from the Birch Bay Water and Sewer District (BBWSD) to determine flows 
and loading, which could add several years to the implementation schedule. The City needs 
to abandon the existing WWTP site as soon as feasible due to the requirements in their 
settlement agreement with the Lummi Tribe. 

7.3.1 Convey to Proposed Lighthouse Point WRF on Marine Drive 
Alternative 1 would consist of conveying the West Blaine flows to the proposed Lighthouse 
Point WRF for treatment. The conceptual design for the proposed Lighthouse Point WRF 
that will be presented in the Facility Plan includes a treatment capacity of 1.55 mgd 
maximum month and a hydraulic capacity of 3.1 mgd peak flow. The maximum month 
flows for East and Central Blaine only require 1.11 mgd of treatment capacity and a peak 
hour flow of 5.5 mgd. With the proposed 400,000 gallons of equalization storage, the 
proposed Lighthouse Point WRF would be able to handle the West Blaine flows without 
additional expansion. 
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Alternative 1 would require additional conveyance facilities to bring the flows to the 
proposed Lighthouse Point WRF. These conveyance facilities would include: 

• Lift station in the vicinity of the existing WWTP site to pump the West Blaine flows to 
the proposed Lighthouse Point WRF. Maximum capacity of this lift station would be ap-
proximately 1.2 mgd for 2023 flows. This lift station would include submersible pumps, 
a wet well, odor control, a small building, and a backup generator. 

• Construction of a new 10-inch pipeline from the new lift station along the Spit and 
under the harbor to the existing equalization storage facility (constructed under the 
Phase 1 improvements). 

7.3.2 Build New WWTP/WRF Located in Semiahmoo 
Alternative 2 would consist of building a new WWTP or WRF located in Semiahmoo at a 
location in proximity to the existing WWTP so that the majority of the West Blaine flows 
could continue to gravity flow to the new WWTP. This new WWTP would most likely be a 
package plant, which could be either an MBR or an SBR plant. Alternative 2 would include: 

• A WWTP sized to handle 0.4-mgd maximum month and peak hydraulic flows of 
1.64 mgd. For planning purposes, it is assumed that the new WWTP is along Drayton 
Harbor east of Lift Station 8. The new WWTP would include an effluent pump station to 
convey the treated effluent to the existing outfall.  

• Install a new 10-inch pipeline from the new WWTP along Drayton Harbor to the existing 
outfall.  

• Additional conveyance improvements to drain the flow down to the new WWTP. 

One potential variation on Alternative 2 that could occur in the future is that the portions of 
the Blaine collection system on Semiahmoo that could gravity drain down to the BBWSD 
could be piped to their collection system. This would include the small portion of sewer 
system in the vicinity of Lift Station Troon and any additional development that is south of 
that area. The wholesale costs that BBWSD would charge are unknown at this point, so a 
potential cost for this option is not included. When the implementation of the West Blaine 
solution approaches, this option could be considered further. 

7.3.3 Convey West Blaine Flows to Existing Birch Bay WWTP 
Alternative 3 would consist of conveying the West Blaine flows to the existing BBWSD 
WWTP for treatment and discharge. Alternative 3 would require additional conveyance 
facilities to bring the flows to the BBWSD WWTP. These conveyance facilities would 
include: 

• Lift station in the vicinity of the existing Blaine WWTP site to pump the West Blaine 
flows to the BBWSD WWTP. This pump station would convey the flows on the north 
side of the drainage divide of the service basin. The capacity of this station is yet to be 
determined but for estimating purposes has been assumed to be half of the total basin 
flow or 0.6 mgd. This lift station would include submersible pumps, a wet well, odor 
control, a small building, and a backup generator. 
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• A second and a third lift station located somewhere along the southern part of the drain-
age divide of West Blaine and along the force main route to pump those flows to the 
BBWSD WWTP. These pump stations would convey the flows from the south side of the 
drainage divide of the service basin. The capacity of these stations would convey the 
entire flow of 1.2 mgd. These lift stations would include submersible pumps, a wet well, 
odor control, a small building, and a backup generator. 

• Construction of a new 8-inch pipeline from the lift station near the existing Blaine 
WWTP site to the second lift station in the southern part of West Blaine. The pipeline 
length is approximately 18,500 feet. 

• Construction of a new 10-inch pipeline from the lift station in the southern part of West 
Blaine to the third lift station along the pipeline route to BBWSD and a new 10-inch 
pipeline from the third lift station to the BBWSD WWTP. The pipeline length is 
approximately 40,000 feet. 

7.4 Phase 3 Recommendations 
The following sections present the evaluation results and the recommendations for the 
Phase 3 improvements to provide wastewater treatment and conveyance for the West Blaine 
community. 

7.4.1 Summary of Alternatives Evaluation 
This section presents the evaluation conducted of the various alternatives identified in the 
previous section. The major components evaluated are cost requirements and schedule 
requirements. Table 7-13 presents a summary of the costs associated with each alternative, 
including both an MBR and SBR for Alternative 2. 

TABLE 7-13 
Cost Analysis Evaluation 

Alternative Capital Costs Annual Costs Present Worth Costs 

1 $3,310,000 $20,000 $3,650,000 

2 (MBR) $5,710,000 $310,000 $12,240,000 

2 (SBR) $4,960,000 $230,000 $9,810,000 

3 $9,660,000 $53,000 $10,780,000 
 

A detailed program implementation schedule was developed as part of the General Sewer 
Plan. Both Alternatives 1 and 2 could be implemented within the scheduled outlined. 
Alternative 1 could potentially shorten the design and construction of the West Blaine 
solution by 6 to 12 months. 

Alternative 1 is the lowest-cost solution to addressing the wastewater service needs in West 
Blaine. This alternative would also require less time to implement. The current design of the 
proposed Lighthouse Point WRF includes sufficient capacity to accommodate flows from 
West Blaine without additional expansion. However, this will limit the available capacity for 
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East and Central Blaine flows if the growth in those areas exceeds the planning criteria 
assumptions over the next 20 years. 

Alternative 2 would eliminate the underwater crossing of raw sewage, which has been 
expressed as a concern by several members of the CWAC. With current technology and 
high- quality control during construction, the pipeline can be implemented to maintain its 
water tightness and structural integrity. However, the costs for this alternative regardless of 
the treatment technology used are considerably higher than Alternative 1. 

Alternative 3 is also considerably more expensive than Alternative 1. In addition, the costs 
shown do not include any service connection costs to the BBWSD WWTP. These costs 
would need to be determined through negotiations with Birch Bay and a long-term 
agreement reached to assess the full cost of this alternative. 

7.4.2 Recommendations 
A Blaine City Council work session was conducted on November 15, 2004, to review the 
preliminary results of the evaluation of alternatives to address the West Blaine wastewater 
treatment and conveyance needs. The Council adopted the recommendation to implement 
the lowest-cost alternative to address West Blaine flow. Conveyance to the proposed 
Lighthouse Point WRF under Alternative 1 is the tentative recommendation. This assumes 
that suitable precautions can be implemented to eliminate the concern of raw sewage 
leaking into the mouth of Drayton Harbor through the submarine pipeline crossing. If this 
proves to be a problem, the City Council agreed to pursue building a satellite treatment 
facility using MBR technology in West Blaine and discharge the effluent through the 
existing outfall. These facilities were described as part of Alternative 2.  

These alternatives will be reviewed and revised at a later date once the Phase 2 facilities are 
online and operational. The City may choose a different route to implement at that time 
based on the current needs and constraints. 
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CHAPTER 8

Program Financing

Capital improvement program costs for the City were included in the City’s recently
approved General Sewer Plan (CH2M HILL, 2004). The City’s future capital outlay
expenditures represent approximately $28.4 million (in 2004 dollars) in capital
improvements over the next 6 years. The projects are necessary to provide wastewater
treatment for the City, to maintain the current level of service provided by existing facilities,
to systematically replace aging facilities, to comply with State and Federal regulations, and
to provide capacity to meet the needs of projected growth. Table 8-1 summarizes the capital
improvement plan for the sewer system over the next 6 years, in 2004 dollars. These
projected capital improvements will be paid for by a combination of funding programs and
current and future revenues. The proposed Lighthouse Point WRF is considered Phase 2 of
the wastewater treatment projects, or Project T2 in the General Sewer Plan. An
implementation schedule for the overall wastewater treatment facilities is included as
Appendix H.

This chapter presents the estimated capital and annual O&M costs of the recommended
alternative for the City’s proposed Lighthouse Point WRF. This chapter also discusses the
rate impacts, including outside financial assistance programs, required to support the
financing plan and ongoing operational costs. Outside financial assistance programs that are
available are also discussed.

8.1 Capital Costs
The cost estimates in this Facility Plan are feasibility-level capital cost estimates, which were
determined for each treatment configuration alternative presented in TM 2.02 (CH2M HILL,
September 4, 2004). Capital costs were estimated using the proprietary cost -estimating
model, CPES (CH2M HILL Parametric Cost Estimating System). The CPES model is based
on numerous “mini-models” or cost estimates of facilities that are based on real projects.
These mini-models have relationships (or algorithms) built into them that allow CPES to
adjust their costs based on project-specific information. Estimates produced by CPES yield a
much clearer picture of a project’s scope as compared with traditional conceptual estimating
techniques such as Unit Cost Estimates or Factored Cost Estimates. The CPES model was
supplemented with vendor-supplied budgetary quotes for equipment where applicable.

Initial capital costs are presented to highlight various phases of the proposed Lighthouse
Point WRF construction. Table 8-2 presents the estimated capital costs for the proposed
Lighthouse Point WRF project, including conveyance facilities, the WRF, and mitigation.

The cost shown for visual mitigation is a combination of additional building costs above and
beyond a basic building and additional landscaping to provide sight buffers. The cost of
visual mitigation does not include the cost of the lighthouse that would eventually be a part
of the park adjacent to the proposed Lighthouse Point WRF.



CHAPTER 8 PROGRAM FINANCING

11_SEA31009908374_CHPT_8/0501900028-2

TABLE 8-1
Capital Improvement Program

Project Description 2004 2005 2006 2007 2008 2009 2010 Total

CIP

T1 Construct new wastewater equalization storage $1,000,000 $5,200,000 $6,200,000

T2 Construct new WRF on Marine Drive location. $600,000 $600,000 $9,000,000 $6,218,880 $16,418,880

T3 Construct new WWTPy for West Blaine or
convey to Birch Bay.

$500,000 $500,000

A-1 Replace 10-inch gravity line with 4,800 feet of
14-inch pipeline between manholes H6-2 and
E3-4.

$1,650,000 $1,650,000

B-1 Replace 8-inch gravity line with 1,000 feet of 10-
inch pipeline between manholes J6-1 and H6-2.

$45,000 $45,000

B-2 Replace 8-inch gravity line with 280 feet of 10-
inch pipeline between manholes D3-8 and D3-1.

$69,000 $69,000

P-1&2 Proposed sewer main extension along H Street. $2,400,000 $2,400,000

P-10&11 Proposed sewer main extension along H Street. $570,000 $570,000

G-1 Annual pipeline rehabilitation, replacement, and
I/I program, including backyard sewer
replacement.

$50,000 $50,000 $100,000

Subtotal $0 $1,650,000 $5,895,000 $10,650,000 $9,257,880 $0 $500,000 $27,952,880

City Project List

T3 Repair to WWTP Outfall. $60,000 $60,000

T4 Headworks Rehabilitation. $50,000 $50,000

T5 Interim WWTP Improvements. $100,000 $100,000 $200,000

LS-5 Install Controller and Telemetry on Lift Station 5. $15,000 $15,000

LS-9 Install new pumps and controls at LS9. $40,000 $40,000

G-2 Cathodic Protection System Expansion. $50,000 $50,000

Subtotal $300,000 $115,000 $0 $0 $0 $0 $0 $415,000

TOTAL $300,000 $1,765,000 $5,895,000 $10,650,000 $9,257,880 $0 $500,000 $28,367,880
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TABLE 8-2
Capital Cost Estimate for the Proposed Lighthouse Point WRF

Base Project Costs

Preliminary Treatment/Pumping $1,032,000

Secondary Treatment $5,794,000

Disinfection $396,000

Solids Handling $491,000

Odor Control $203,000

Subtotal $7,916,000

Additional Project Costs

Demolition and Overall Sitework $130,000

Yard Electrical and Plant Control Systems $230,000

Plant Computer System (2%) $158,320

Yard Electrical (4%) $316,640

Yard Piping (10%) $791,600

Subtotal $9,542,560

Contractor Markups

Overhead (10%) $954,256

Profit (5%) $524,841

Mobilization/Bonds/Insurance (5%) $551,083

Contingency (20%) $2,314,548

Subtotal $13,887,288

Additional Construction Costs

Escalation (Mid-Point Construction) (8.59%) $1,192,918

Location Adjustment Factor (1.5%) $208,309

Pile Foundations $168,000

Dewatering Conditions $134,400

Building (Includes Operation, Maintenance, Administration) $1,680,000

Visual Mitigation $336,000

Shoring $134,400

Contamination Removal Allowance $100,000

Subtotal $17,841,315

Total Construction Cost

Washington Sales Tax (8.1%) $1,462,988

Total Project Cost $19,304,303

Notes:

1. The costs are based on the January 2004 index

2. Interest Rate = 3.5%, Inflation Rate = 2.5%, Life Cycle = 25 years
3. MBR – Membrane Bioreactor, UV – Ultraviolet Disinfection
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The total cost of the facility presented in Table 8-2 includes construction costs, contractor
markups and profit, sales tax, and appropriate contingency. Development of specific costs
for each facility requires development of specific requirements for each facility, including
the design specifies, and is beyond the scope of this Facility Plan.

8.2 Annual Operation and Maintenance Costs
Table 8-3 presents the estimated annual O&M costs (expressed in 2004 dollars) anticipated
at the proposed Lighthouse Point WRF. The components and assumptions included in the
annual costs are as follows:

 Power at $0.07/kWh
 Labor burdened at $50 per hour
 Chemical costs
 Equipment replacement
 20 percent contingency

The current O&M costs at the existing WWTP are approximately $410,000. Estimated O&M
costs for the proposed Lighthouse Point WRF would be estimated to increase approximately
$555,000 per year over current costs. Significant increases in annual O&M costs would
include:

 Additional treatment plant staff
 Higher equipment maintenance
 Higher chemical costs
 Higher electricity costs

8.3 Rate Impact Analysis
A rate impact analysis was conducted as part of the General Sewer Plan, approved in
September 2004 (CH2M HILL, 2004), that included the cost of the proposed Lighthouse
Point WRF. In addition, an extensive rate study was conducted by Financial Consulting
Solutions Group in late 2004 to assess the rate impacts from the CIP as well the utility’s
existing operations. The summary of the rate analysis is presented in Appendix I.

8.3.1 Existing Rate Structure
Table 8-4 presents the current sewer rate structure for the City. Prior to January 2005, the
sewer rates had not been increased since January 2000. Between July 1996 and January 2000,
the sewer rates were increased five separate times, for a total increase of 22 percent over that
period. The rates were increased to help fund expansion of the existing WWTP, which has
since been stopped. The rates were increased in January 2005 to $49.90 for the flat residential
rate, which is a 25 percent increase, with Ordinance No. 04-2596, which is included as
Appendix J. The commercial rates were also increased by 25 percent. This is the first of a
series of rate increases designed to help the City keep up with operational expenses and
fund the additional debt service they will incur for the CIP.
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TABLE 8-3
Annual Operation and Maintenance Costs

Item
Annual O&M Cost*

($)

Labor $698,200

Energy $158,200

Maintenance Material and Supplies $110,300

Total Annual O&M Costs $965,600

*Costs based on January 2004 index.

TABLE 8-4
Current Sewer Rate Structure for the City of Blaine

Customer Class / Meter Size Monthly Rate
Volume Allowance

(ccf)
Commodity Charge

($/ccf)

Residential (single family) $49.90 N/A

Residential, Senior Discount $38.33 N/A

Multi-family Unit $45.82 N/A

Commercial I (average strength)

¾” $49.90 3 $7.38

1” $124.70 7 $7.38

1.5” $249.42 15 $7.38

2” $399.05 24 $7.38

3” $798.11 48 $7.38

4” $1,247.06 75 $7.38

6” $2,494.07 150 $7.38

8” $3,990.52 240 $7.38

Commercial II (high strength)

¾” $64.21 3 $10.41

1” $160.55 7 $10.41

1.5” $321.10 15 $10.41

2” $513.76 24 $10.41

3” $1,027.53 48 $10.41

4” $1,605.51 75 $10.41

6” $3,211.00 150 $10.41

8” $5,137.58 240 $10.41

Marinas

Per pumpout station $64.21 3
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8.3.2 Funding Options and Assumptions
The projected capital improvements will be paid for by a combination of funding programs
and current and future revenues. The City has outlined a funding strategy that includes
grants, low-cost loans, and available funding from rates and charges (primarily the General
Facilities Fee [GFF]). Table 8-5 shows the anticipated funding sources required to fund the
new wastewater treatment projects. The City will have to rely heavily on established
funding programs, such as the Public Works Trust Fund (PWTF) and Ecology grants and
loans, as well as additional sources of funding. Figure 8-1 shows anticipated funding
sources for new wastewater treatment facilities, including the LS1 equalization storage
project, the Marine Drive WRF, and wastewater treatment for West Blaine.

TABLE 8-5
Summary of Funding Sources by Year

Funding Source 2005 2007 2009 2011 Total

Grants

Centennial Clean Water $2,500,000 $2,000,000 $4,500,000

TIB Grant $500,000 $500,000

Direct Federal
Appropriations (i.e., STAG)

$2,000,000 $2,000,000

Rural Sales Tax $500,000 $500,000

Subtotal $500,000 $5,000,000 $2,000,000 $7,500,000

Other Funding Sources

Centennial Clean Water $2,500,000 $2,011598 $4,511,598

PWTF Loans $5,080,000 $10,000,000 $2,779,539 $17,859,539

PWTF Pre-Construction
Loan

$1,000,000 $1,000,000 $2,000,000

Rural Sales Tax $500,000 $500,000

Capital Fund Balance $2,787,134 $2,787,134

Subtotal $6,080,000 $15,787,134 $1,000,000 $4,791,137 $27,658,271

Total Funding Sources $6,580,000 $20,787,134 $1,000,000 $6,791,137 $35,158,271
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FIGURE 8-1
Summary of Funding for Wastewater Treatment Projects

8.3.3 Total Revenue Requirements
In order to fund the new wastewater solution, annual debt service is estimated to be a
maximum of almost $1.4 million per year. In 2013, the total annual debt service payment,
including new and existing debt, will be approximately $1.8 million. The City must rely
predominantly on sewer rates and GFFs to fund this debt service. GFFs are revenue the City
receives from new connections to the sewer system. The financial impact analysis assumes
that only revenue from new customers and increased rates are available to fund the capital
projects.

8.3.4 Rate Impacts
The rate impact analysis was developed to project annual revenue needs and determine the
levels of rate increases needed to support those needs. The increases that are initially
projected are then smoothed to provide orderly and predictable annual rate increases.

Given the assumptions and financial safeguards, Table 8-6 presents the projected annual
revenues and expenditures for the sewer utility. It also provides the annual rate increases
projected for the utility, and illustrates those by portraying the corresponding impact on the
residential flat charge. It also indicates ending fund balances for the operating, capital, and
debt reserve funds.

As Table 8-6 shows, there is a substantial rate increase projected over the next 5 years. In
addition, a significant rate increase was warranted for 2005 because the current rates were
not sufficient to meet current expenses plus debt service.

21%

71%

8%

Grants
Low Interest Loans
City Resources
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TABLE 8-6
Summary of Rate Impacts

Revenue Requirements 2005 2006 2007 2008 2009 2010 2011

Revenues

Rate revenues under existing rates 1,509,313 $1,547,045 $1,585,722 $1,625,365 $1,665,999 $1,707,649 $1,750,340

Non-rate revenues $145,826 $154,502 $155,537 $60,403 $61,486 $62,625 $64,186

GFF revenue for debt services (75%) $247,695 $269,000 $291,215 $314,373 $253,880 $272,738 $292,380

Total Revenues $1,902,833 $1,970,547 $2,032,474 $2,000,140 $1,981,365 $2,043,011 $2,106,906

Expenses

Cash O&M expenses $1,312,050 $1,370,980 $1,428,816 $1,475,149 $1,537,865 $2,240,340 $2,313,124

Existing debt service $565,930 $563,320 $499,389 $498,888 $492,304 $492,535 $330,294

New debt service $33,167 $276,525 $533,586 $963,948 $1,238,693 $1,289,571 $1,331,912

Total Expenses $1,911,146 $2,210,825 $2,461,790 $2,937,986 $3,268,862 $4,022,447 $3,975,331

Annual Rate Adjustment 25.4% 20.0% 13% 0% 11.0% 15.0% 0.0%

Rate increases dictated by: Policy Policy Policy Policy Policy Policy Policy

Residential Rate $49.90 $59.88 $67.67 $67.67 $75.11 $86.38 $86.38

General Facilities Fee $4,200 $4,450 $4,700 $4,700 $5,200 $5,450 $5,450
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As noted earlier, these increases have been “smoothed” to provide orderly rate increases.
The first two increases of $10 per month for 2005 and 2006 are likely to be necessary
regardless of the ultimate funding strategy, and in general will help the City contain
subsequent rate increases. Subsequent increases are more dependent on success in obtaining
grants, as well as actual construction schedules, and may be appropriately altered as greater
certainty of costs is realized. The City will review the rate forecast as a part of its 2007
budget process to determine appropriate increases for 2007 and beyond.

8.4 Available Capital Funding Sources
The funding options available to the City for capital projects consist primarily of debt fund-
ing through a variety of available mechanisms, cash funding through various user charges,
and/or cash funding through existing reserves.

8.4.1 State Capital Funding Sources
Historically, Federal and State grant programs were available to local utilities for capital
funding assistance; however, these assistance programs have been mostly eliminated or
replaced by loan programs. Remaining miscellaneous grant programs are generally lightly
funded and heavily subscribed. Nonetheless, the benefit of even low-interest loans makes
the effort of applying worthwhile. State programs identified as potential funding sources for
the proposed Lighthouse Point WRF are summarized below.

 Public Works Trust Fund. The PWTF is a commonly used, low-cost revolving-loan fund
established by the 1985 State Legislature to provide financial assistance to local govern-
ments for public works projects. Eligible projects include repair, replacement, rehabilita-
tion, reconstruction, or improvement of eligible public works systems to meet current
standards for existing users. With recent revisions to the program, growth-related
projects consistent with 20-year projected needs are now eligible.

PWTF loans are available at interest rates of 0.5 percent, 1 percent, and 2 percent, with
the lower interest rates given to applicants who pay a larger share of the total project
costs. The loan applicant must pay a minimum of 5 percent toward the project cost to
qualify for a 2 percent loan, 10 percent for a 1 percent loan, and 15 percent for a
0.5 percent loan. The useful life of the project determines the loan term up to a
maximum of 20 years.

The applicant must be a local government, such as a city, county, or special-purpose
utility, and have an approved long-term plan for financing its public works needs. Cities
must adopt a local 0.25 percent Real Estate Excise Tax and have an updated comprehen-
sive plan or capital facilities plan for their utility system. Local governments must
compete for PWTF dollars, since more funds are requested each year than are available.
The Public Works Board evaluates each application and transmits a prioritized list of
projects to the legislature. The legislature then indicates its approval by passing an
appropriation from the Public Works Assistance Account to cover the cost of the
approved loans. Once the Governor has signed the appropriations bill into law, the local
governments receiving the loans are offered a formal loan agreement with the
appropriate interest rate and term, as determined by the Public Works Board.
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 Department of Ecology. Ecology's Water Quality Financial Assistance Program spon-
sors four grant and loan programs: the Centennial Clean Water Fund, Federal 319
Programs, State Revolving Fund Loans, and the Aquatic Weeds Grant Programs.
Funding is generally limited to 50 percent of the project cost and comes as either a grant
or a low-interest loan (0 percent for up to 5 years, increasing to 4.8 percent for 15 to
20 years).

Of these programs, the PWTF is the most attractive program for the City. In absence of such
subsidized funding sources, the most likely sources of capital funding probably are the
existing reserves (discussed above) and revenue bond debt.

8.4.2 Federal Capital Funding Sources
There are multiple Federal agencies through which wastewater projects can be funded,
including the EPA and the U.S. Department of Agriculture (USDA).

 USDA RUS, Water and Waste Disposal Loans and Grants. The USDA’s Water and
Waste Disposal loan and grant program provides financing for wastewater facilities for
rural areas. The program is applicable for towns with populations less than 10,000, with
priority given to communities with populations less than 5,500. The goal is to serve the
most needy rural communities. Loan and grant funds can be used for construction, land
acquisition, legal and engineering fees, and purchase of necessary equipment. In
addition, only loans may be used for initial operating expenses, purchase of existing
facilities, and interest incurred during construction. Grants are available only when
necessary to reduce user cost to a reasonable level. Grant assistance is available for the
City because the debt service portion of the average annual user cost would exceed
1.0 percent of the median home income (MHI). There are three levels of interest rates:
poverty, intermediate, and market. The type of rate applied to a project is dependent on
the MHI of the service area.

Currently, the City has a grant/loan package dedicated for them from the previous
expansion of the current wastewater treatment site. The City is involved in regular
meetings with the USDA. This project is helping to push the process along toward using
that funding. Whether the City may use the existing funding, or would have to reapply
for additional funding, depends on the treatment alternative selected and the timing of
implementation. One possible strategy would be to use a PWTF loan to pay off the
higher interest USDA RUS loan as quickly as possible.

 State and Tribal Assistance Grant (STAG). Funding for projects, such as a new WWTP
and associated infrastructure, may also benefit from direct appropriations from
Congress. The City has already benefited from funding through the STAG program and
should consider this an appropriate avenue for future grants, particularly where there
are joint benefits to both the City and the Lummi and Nooksack Tribes. Benefits may
include improvements to water quality where shellfish harvesting for Tribal members is
currently restricted due to water quality conditions and funding for final restoration of
the current WWTP site to meet archaeological and/or historical requirements.
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CHAPTER 9

Environmental Documents and Agency Review

This chapter presents the environmental documentation, necessary permits, agency
approvals, and timelines to ensure construction of the proposed Lighthouse Point WRF will
be implemented as anticipated. The information presented in this chapter is based on the
assumption that both State and Federal funding sources will be used to finance the design
and construction of the proposed Lighthouse Point WRF. The permits outlined are based on
the regulations and procedures outlined in RUS Bulletin 1794A-602, the City of Blaine
Municipal Code, and the City of Blaine Comprehensive Plan as well as additional
information from communications with the City staff. This chapter also includes
construction permits (e.g., building and electrical permits), which typically the construction
contractor has the responsibility to obtain.

This Facility Plan has been prepared in accordance with the requirements of WAC 173-240-
060, which is administered by Ecology. A checklist outlining the Ecology requirements and
where the information is located in this Facility Plan is included as Appendix K.

9.1 Environmental Review
The type of environmental review required for a specific project depends on what agency
sponsors the project with funding or leads the planning and development process. In this
case, Federal funding is anticipated for the design and construction of the proposed
Lighthouse Point WRF, which will trigger NEPA requirements to be followed. In
Washington State, facilities funded through local revenue sources, such as utility rates, are
also required to be reviewed under SEPA. Both NEPA and SEPA require that all potential
environmental impacts of a proposed project be disclosed at an early stage of project
development through an environmental document.

9.1.1 Review Process
When a project commences and environmental documentation is complete, the lead agency
issues a decision document concluding whether the project alternatives are likely to have
significant adverse impacts, or not, and which alternative has been selected to carry through
design. For this project, the USDA RUS will be the lead agency for NEPA and the Blaine
Community Development Department will be the lead agency for SEPA. Most
environmental document must be circulated for public comment. The decision document is
only issued after the public has had an opportunity to comment and each comment has been
addressed to the satisfaction of the lead agencies.

There are three levels of environmental documentation that may be required: a Categorical
Exclusion (CE), an Environmental Assessment (EA), and an EIS. If it has been
predetermined that significant adverse environmental impacts are unlikely, then the
environmental documentation can be a CE. If the project impacts are significant but can be
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mitigated to less than significant, an EA will be required. Finally, if significant impacts are
anticipated or there is considerable public concern, an EIS must be prepared.

A CE or EA may only require the evaluation of the no action and the proposed project
actions. An EIS, however, must evaluate alternatives to the proposed action. In Washington
State, both NEPA EAs and NEPA EISs can be adopted by local lead agencies to meet the
requirements of SEPA, thus avoiding a duplicative process.

Specifically for the proposed Lighthouse Point WRF, the USDA RUS requires an
Environmental Report (ER) be prepared for the proposed project to meet NEPA
requirements. The ER enables the RUS to evaluate the environmental effects of the proposed
project that would require either a CE or an EA. By using this process, RUS will determine if
the effects of the proposed project can be mitigated or if a higher level of environmental
review is required for the project. The information included in the ER must be sufficient for
the RUS to determine if providing financial assistance will conflict with other environmental
statutes, implementing regulations, policies, procedures, and Executive Orders that may be
applicable to the proposed project. Once the RUS has reviewed the ER and determined the
proposed project level and types of impacts, the ER is then adopted as a CE, an EA, or an
EIS. This document can then be used for SEPA compliance by the Blaine Community
Development Department.

9.1.2 Requirements for Lighthouse Point Water Reclamation Facility
The proposed project will need to comply with NEPA through the preparation of an ER.
Requirements for the report’s content and format are documented in RUS Bulletin 1794A-
602. For this project, the following environmental resources have been evaluated in the
Preliminary Environmental Report that will be included as Appendix L.

 Land Use/Farmland/Formally Classified Land
 Floodplains
 Wetlands
 Cultural Resources
 Biological Resources
 Water Quality Issues
 Coastal Resources
 Socioeconomic Issues
 Aesthetics
 Transportation

According to RUS Bulletin 1794A-602, further information gathering from and coordination
with key agencies will be necessary before the ER is ready to be submitted to the RUS.

9.1.3 Environmental Document Approval Timeline
The timing for review and approval of the ER will be somewhat dependent on the workload
of the lead agency. Assuming no significant impacts are associated with the proposed
project, the timeline is currently estimated to be approximately 5 months between submittal
of the ER to the USDA RUS and issuance of a decision, which is anticipated to be a Finding
of No Significant Issues (FONSI). Once the FONSI is issued, the City can adopt the NEPA
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document as their SEPA document under the provisions of WAC 197-11-610. After the ER is
adopted by the City, preparation of the environmental permits would commence.

9.2 Permits and Approvals
The Table 9-1 provides a comprehensive list of the potential permits and approvals that may
be required for construction of the proposed Lighthouse Point WRF, some of which may not
be required once agency representatives have been consulted. It is recommended that a
meeting with key agencies would occur before commencement of any permit work to
determine exactly what permits and approvals are required. For copies of the permit
application forms, see Appendix M.

TABLE 9-1
Proposed Lighthouse Point WRF Permit Requirements

Permit/Environmental
Documentation Timeline Trigger

Federal

Environmental Review – RUS Approximately 5 months. USDA RUS providing financial
assistance for the project.

Joint Aquatic Resources Permit
Application (JARPA)

See individual permits related to
the JARPA (Permits with an “*”).

The JARPA simplifies several
permit application processes by
allowing project information to be
submitted to applicable permitting
agencies in one application.

Section 404 Permit* – U.S. Army
Corps of Engineers

6 months to 2 years. Applicable to all construction
proposals in the RUS programs.
Specifically required when locating
a structure, excavating, or
discharging dredged or fill material
in waters of the U.S. or transporting
dredged material for the purpose of
dumping it into ocean waters.

Biological Assessment/Biological
Evaluation and Section 7 Consulta-
tion – U.S. Fish and Wildlife
Service

Tied to the Section 404 Permit
process.

Presence of Threatened and
Endangered Species and/or
conducive habitat.

State

Section 401 Water Quality Certifi-
cation* Ecology

Typically 30 days but up to
180 days.

Applying for a Federal permit or
license to conduct any activity that
might result in a discharge of
dredge or fill material into water or
non-isolated wetlands or
excavation in water or non-isolated
wetlands.

Coastal Zone Management (CZM)*
– Ecology

60 days for Federal projects and
180 days for licenses, permits, or
funding project to render a
decision.

Federal-permitted/licensed or
Federal-funded projects require a
certification that they are consistent
with Washington’s CZM Program.
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TABLE 9-1
Proposed Lighthouse Point WRF Permit Requirements

Permit/Environmental
Documentation Timeline Trigger

NPDES Construction Stormwater
General Permit – Ecology

Approximately 45 days. Construction of a project on a site
more than 5 acres. However,
Ecology plans to have a permit
applicable to sites between 1 to
5 acres by Fall 2005.

Section 106 Review – Office of
Archaeology and Historic Preser-
vation (OAHP)

Typically conducted during
environmental documentation.

Any Federal undertaking, funding,
license, or permit.

Archaeological Excavation Permit –
OAHP

Between 45 to 60 days. Excavating, altering, defacing, or
removing archaeological objects.

Local

Shoreline Substantial Development
Permit* – City of Blaine

150 days (includes 30-day
completeness review and 120-day
permit review/issuance).

Construction within 200 feet of the
ordinary high water mark and
project cost exceeds $5,000 fair
market value.

Critical Areas Ordinance* – City of
Blaine

150 days (would be included as
part of the Shoreline Substantial
Development Permit).

Proposed project would occur in an
area that is classified as a
geologically unstable area.

Building Permit – City of Blaine 150 days (includes 30-day
completeness review and 120-day
permit review/issuance).

New building construction
(drainage and site work review will
be included under this permit).

Clearing, Grading, and Fill Permit –
City of Blaine

Variable Any removal or excavation.

Excavation Permit – City of Blaine Variable Any excavation done within City
right-of-way.

9.3 Summary
The applicable assumptions for the proposed Lighthouse Point WRF include the following:

 The City will adopt the NEPA ER, therefore, a SEPA checklist would not have to be
completed as part of the environmental review process. A SEPA checklist was created
for the General Sewer Plan, which is included as Appendix N.

 The Section 404 Permit requirement should result in a nationwide permit, regional
permit, or the proposed project would be authorized by letters-of-permission, which
would streamline part of the permitting process. No structure, excavation, or discharged
dredged or fill material in waters of the U.S. would occur as part of the project,
therefore, an individual permit would not be required. The Seattle District of the U.S.
Army Corps of Engineers would be contacted to determine the necessary type of permit.
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 The proposed project should not result in discharge of dredge or fill material into water
or non-isolated wetlands or excavation in water or non-isolated wetlands. Therefore,
Section 401 Water Quality Certification would likely be approved and no further review
would be required or Ecology would provide a Letter of Verification.

 No work will be performed that will divert, obstruct, or change the natural flow or bed
of any fresh water or salt water of the State and will not have a direct impact on aquatic
life and habitat so no Hydraulic Project Approval would be required.

The longest approval procedure will concern acquiring the decision document for the ER. It
is anticipated that a couple of the permits covered under JARPA, may be waived because
neither U.S. waters, nor sensitive habitat areas would be affected by the project. An
important strategy will be to contact all interested agencies prior to the finalization of the ER
to receive their input on mitigation and avoidance measures. This early coordination builds
trust and confidence and may result in fewer permit applications.
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