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EXECUTIVE SUMMARY

The City of Lynnwood (City) Wastewater Water Treatment Plant (WWTP) provides treatment of
sanitary wastewater from the City prior to discharging to Puget Sound. The most recent major
expansions of the WWTP occurred in the 1980s, through which primary treatment was expanded
and secondary treatment was added to the facility in two projects. Since these projects, lesser
improvements have been made, although the major processes and tankage has not been changed.
The purpose of this WWTP Facility Plan (Plan) is to review the overall condition of the facility and
its capability to meet capacity needs and regulatory requirements through the planning period.
This Plan documents these analyses and recommendations, and meets both the Engineering Report
and Facility Plan requirements as described herein. The City’s 2022 General Sewer Plan (2022 GSP)
was completed concurrently with this Plan and acts as a companion to this document.

The following summaries are the essential considerations that are fundamental to the planning for
this facility.

Service Area Growth

The capacity of the WWTP has not been significantly expanded or altered in over 30 years.
However, the collection system population has grown significantly and is poised to grow further as
planned redevelopment will densify areas within the City. The flow and loading to the WWTP
associated with the projected population growth will exceed the capacity of the existing facility and
an expansion of the WWTP will be necessary to support the projected growth.

Age and Condition of Existing Facility

Due to the age of the facility, major improvements are warranted to rectify the current conditions
of the equipment and structures needed to perform vital treatment functions. The
conditions-based needs are widespread throughout the facility. The aging incinerator is one
example of a process unit necessitating replacement as it incurs high operations and maintenance
costs, and it periodically violates emissions requirements. During the drafting of this Plan, the City
was completing improvements to decommission the incinerator and proceed with landfill disposal
of sludge as an interim measure.

New Regulations

New regulatory requirements for the WWTP are expected during the planning period. The most
significant of these relate to stringent total inorganic nitrogen removal limits that are anticipated
for WWTPs discharging to Puget Sound. The capacity of the WWTP secondary treatment system
will be exceeded during the planning period regardless of new nitrogen removal limitations;
however, the addition of these limits is a significant consideration in configuring improvements and
expansion to the secondary treatment.

Peak Wet Weather Flows

In addition to the projected growth in flow and loading, a major planning element for this facility is
the high peak flows that are a result of infiltration and inflow (/1) that occurs during storm events.
While the WWTP currently experiences average flows of approximately 4 million gallons per day

J:\DATA\LYNN\20-0054\10 REPORTS\LYNNFP_EX SUM.DOCX (11/30/2022 11:39 AM) 1 R H 2
————



EXECUTIVE SUMMARY CITY OF LYNNWOOD WWTP FACILITY PLAN

(MGD), peak hour flows over 20 MGD are common at the WWTP. Especially during October and
April, the peak hour, daily, and weekly flows greatly exceed the average flows and impact
treatment performance. Peak flows are a major consideration for both the hydraulic capacity of the
WWTP and the secondary treatment system capacity necessary to meet cold weather nitrogen
limits.

Site Constraints

The location and configuration of the WWTP presents significant physical constraints to expanding
the WWTP. The topography of the surrounding ravine and the proximity to adjacent property lines
limit the space that can be used for improvements. It should be noted that the 2022 GSP reviewed
potential off-site improvements, such as construction of a new WWTP at an alternate location.
However, the costs of any equivalent greenfield improvements at an alternate site within the City
were found to greatly exceed improvements to the existing WWTP, and as such, this Plan focused
its attention on configuring on-site WWTP improvements within the constraints of the existing site.

Current Facility Configuration and Operation

The hydraulic profile of the WWTP includes preliminary and primary treatment downhill from
secondary treatment. This configuration is non-desirable as it requires pumping all primary effluent
up to secondary treatment. Reconfiguration of the facility to provide the gravity flow through the
main liquid stream process units is highly desirable, but such reconfiguration is further complicated
by the need to maintain the operability of the existing facility during construction of any
improvements. Both treatment technologies and construction phasing thoroughly considered these
constraints.

Alternative Treatment Technologies

This Plan analyzed available treatment alternatives to verify the applicability to meet the
requirements of all the essential planning considerations, as well as other factors described in
detail in subsequent chapters. To meet the variety of drivers and constraints, technologies that
provide densification of secondary treatment will be necessary and each is closely analyzed for
applicability at this site. The chosen approach must utilize the latest technology and understanding
of activated sludge treatment. This approach is also the most cost-effective, robust, and
sustainable method to meet the City’s needs given the variety of factors analyzed in this Plan.

Recommended Approach to Improvements

This Plan details the recommended improvements with the goal of maximizing the future capacity
of the facility available at the existing site as there likely will be insufficient space to make a future
expansion to the WWTP footprint within the ravine. The proposed improvements are configured in
a manner that intends to meet the City’s needs during the planning period as cost effectively as
possible. The steps for implementing the proposed improvements are provided in detail in this
Plan.

An expanded summary of the major analyses and findings from each chapter of this Plan follows.
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SUMMARY OF KEY FINDINGS

Service Area and Population

The City’s sewer system currently includes the majority of the City limits and serves approximately
5,900 acres. The City’s sewer collection system currently includes approximately 104 miles of
gravity main, 6 miles of lift station force mains, 7 lift stations, and the WWTP. Small portions of the
City limits are served by the City of Mountlake Terrace or the Alderwood Water and Wastewater
District.

Population forecasts were estimated by the Puget Sound Regional Council for each service area
using the Land Use Vision Regional model. For the purposes of population analysis, the sewer
service area was divided into four subareas. Area A consists of the area within the City of
Lynnwood, Area B consists of the area within the City of Edmonds, Area C consists of the
Alderwood Mall Area, and Area D consists of the Lynnwood City Center. The technical
memorandum Population and Flow Projections prepared by BHC Consultants (BHC) (included in
Appendix D) provides the establishment of these areas.

The sewered population served by the City was estimated by BHC using the population minus the
number of residences served by a septic system and multiplying by an average of 2.59 residents per
connection. The City’s 2022 GSP (BHC) provides the basis for the projected growth in the collection
system used in this Plan to establish projected flow and loading for the purposes of identifying
future treatment needs. This Plan is intended to accompany the 2022 GSP and provide the detailed
analysis and recommendations for the WWTP. Table E-1 provides a summary of the projected
population use in this Plan.

Table E-1. Baseline and Projected for Residential and Employee Populations

Population and Employment in Sewer Service Area

Existing Projected Projected Projected Projected
Parameter (2019) 2026 2030 2040 2050
Population 42,707
Sewered Population 42,093 49,696 23,951 64,771 74,431
Employees 29,233 32,317 32,257 45,242 49,882

1. It was assumed that all residents on septic systems will be connected to the City's sewer system by 2026.

Regulations for Surface Water Discharge

Wastewater flow and loading into the WWTP and treated plant effluent discharged to the Puget
Sound are regulated through the City’s National Pollutant Discharge Elimination System (NPDES)
Permit, which is enforced by Ecology. The City’s current revised NPDES Permit has an effective date
of March 1, 2019, and an expiration date of February 29, 2024. The permitted flow and loading
design criteria for the WWTP are included in Table E-2.
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EXECUTIVE SUMMARY CITY OF LYNNWOOD WWTP FACILITY PLAN

Table E-2. WWTP Permitted Flow and Loading Design Criteria

Parameter Design Quantity

Maximum Month Design Flow (MMDF) 7.4 MGD
BOD:s Influent Loading for Maximum Month 15,120 Ib/d
TSS Influent Loading for Maximum Month 15,120 Ib/d

FUTURE REGULATORY CHANGES

Ecology also has been modeling the Puget Sound to understand the nutrients contributing to the
low and decreasing dissolved oxygen levels throughout Puget Sound. As a result, Ecology believes
discharges of nutrients to Puget Sound from domestic WWTPs are significantly contributing to the
problem, with nitrogen identified as the limiting nutrient, and inorganic nitrogen (consisting of
nitrate-nitrite and ammonia) as the “biologically available” form. The City’s WWTP is included in
the modeling as one of the WWTPs with an outfall to the Puget Sound.

In January 2021, Ecology released a preliminary draft of the Puget Sound Nutrient General Permit
(PSNGP) for public comment, and a formal version became effective on January 1, 2022, and
expires on December 31, 2026. In response, the City has filed a Notice of Intent for coverage under
the PSNGP and is submitting Daily Monitoring Reports as required by the PSNGP.

In addition, the City must submit an annual Nitrogen Optimization Plan to Ecology, regardless of
whether action levels are exceeded or not. All domestic WWTPs covered by the PSNGP will have
individualized action levels. The City’s Total Inorganic Nitrogen (TIN) action level is 340,000 pounds
per year. If the City determines that the action level has been exceeded, steps must be taken to
identify possible factors, to identify modifications that can be made to improve performance, to
assess different strategies that may provide better process improvements, and to document any
changes made while completing correction action requirements.

Regulations for Biosolids

Chapter 173-308 WAC is the basis for the state-wide biosolids management program. Facilities that
are subject to the permit program apply for coverage under the existing state-wide general permit.
The City is covered under the general permit, but the program does not regulate the City’s current
solids handling method of incineration. Until a new solids handling system is constructed capable of
meeting the requirements of Chapter 173-308 WAC for land application, the City will dispose of
dewatered sludge via landfill.

Regulations for Air Emissions

The Puget Sound Clean Air Agency (PSCAA) has jurisdiction over air emissions from the City’s
WWTP. The most significant emissions requirements for the existing facility are posed by the
sewage sludge incinerator. PSCAA was consulted during the analysis for this Plan, and the
recommendations for compliance with air quality requirements are outlined in Chapter 9.
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Wastewater Flow and Loading

Current flow and loading was analyzed to determine if the existing WWTP can provide adequate
service to its existing customers. The projected flow and load analysis is used to identify if capacity
is sufficient for future conditions.

Historical flow values are summarized in Table E-3.

Table E-3. Historical WWTP Flow Summary (2015-2020)
AA Flow Max. Month

per Average Flow Percent of Flow

Sewer Sewer AA Capita MM  per Capita per NPDES MM/AA

System System Flow per Day Flow Day Permit Max.  Peaking

Employees (MGD) (ppcd) (MGD) (ppcd) Month Limit

2015 39,900 29,233 4.17 105 5.91 148 80% 1.42
2016 40,108 29,233 4.47 112 6.22 155 84% 1.39
2017 40,483 29,233 4.60 114 6.24 154 84% 1.36
2018 41,060 29,233 4.32 105 6.14 150 83% 1.42
2019 42,093 29,233 4.04 96 5.01 119 68% 1.24
2020 42,093 29,233 4.20 100 5.98 142 81% 1.42
2015 to 2019 Average 4.32 106 5.90 145 1.37

1. 2020 values are not included in the historical average due to the COVID pandemic.
2. Flow values are shown exactly as reported in the City’s DMRs.
3. Projected population, employee, and flow values were calculated by BHC (Tech Memo dated November 10, 2020).

The WWTP experiences high peak flow events during periods of heavy precipitation due to high I/I
in the collection system. During wet weather events, the WWTP has experienced peak hour flow

events up to 20 MGD. For the purposes of planning preliminary treatment improvements, this Plan
conservatively projects future peak hour flows in excess of 20 MGD.

Significant secondary treatment system improvements will be needed to meet the regulatory
requirements for nitrogen reduction as a result of the PSNGP with the proposed seasonal average
limit of 3 milligrams per liter (mg/L) from April 15t through October 315t. Chart E-1 shows the
historical individual daily WWTP flow values on a year over year basis for comparison to the
proposed seasonal TIN limit period. As seen in the chart, the months of April and October pose
potentially higher flows driven by wet weather events.
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Chart E-1 - WWTP Daily Flow Values (2015-2020)
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Historical loading trends for influent 5-day biochemical oxygen demand (BODs) and total
suspended solids (TSS) were analyzed for the past 6 years (2015 through 2020) as shown in
Tables E-4 and E-5. The onset of the COVID-19 pandemic significantly altered the population
routines in the City, and as such, the loading data from 2020 is shown for informational purposes

only.

Table E-4. Historical WWTP Influent BODs Loading Summary

AA BODs BOD;s
Sewer Sewer AA per Capita MM MM MM/AA
System System AABODs | BODs per Day BODs BODs Peaking
Pop. Employees (mg/L) (Ib/d) (ppcd) (mg/L) (Ib/d) Factor
2015 39,900 29,233 241 8,188 0.21 283 8,757 1.07
2016 40,108 29,233 241 8,510 0.21 293 9,211 1.08
2017 40,483 29,233 245 8,911 0.22 299 9,694 1.09
2018 41,060 29,233 249 8,632 0.21 296 9,336 1.08
2019 42,093 29,233 279 9,177 0.22 321 9,702 1.06
2020 42,093 29,233 259 8,675 0.21 313 9,630 111
2015 to 2019 Average 251 8,684 0.21 298 9,340 1.08

1.
2.
3.

2020 values are not included in the historical average due to the COVID pandemic.
Population values established for 2019 also were used for 2020.
Employment values established for 2019 also were used for 2015 through 2020.
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EXECUTIVE SUMMARY

Table E-5. Historical WWTP Influent TSS Loading Summary

AA TSS TSS

Sewer per Capita MM MM  MM/AA

System AATSS AATSS per Day TSS TSS Peaking

Employees (mg/L) (Ib/d) (ppcd) (mg/L) (Ib/d) Factor

2015 39,900 29,233 212 7,175 0.18 249 7,740 1.08
2016 40,108 29,233 206 7,299 0.18 245 7,923 1.09
2017 40,483 29,233 206 7,512 0.19 252 7,958 1.06
2018 41,060 29,233 211 7,288 0.18 249 7,605 1.04
2019 42,093 29,233 227 7,452 0.18 265 7,998 1.07
2020 42,093 29,233 214 7,172 0.17 258 7,952 1.11
2015 to 2019 Average 212 7,345 0.18 252 7,844 1.07

1. 2020 values are not included in the historical average due to the COVID pandemic.

2. Population values established for 2019 also were used for 2020.

3. Employment values established for 2019 also were used for 2015 through 2020.
From 2015 through 2020, annual average influent BODs and TSS loadings show an overall moderate
increase over this period. The WWTP currently has a permitted influent loading limit of
15,120 pounds per day (Ib/d) for both BODs and TSS per the NPDES Permit. This permit also
stipulates that the City shall submit a plan and schedule for continuing to maintain capacity when
the loading reaches 85 percent or more of the permitted loading values for 3 consecutive months.
Over the past 6 years, the City has not exceeded this planning threshold for BODs or TSS.

HISTORICAL NITROGEN LOADING DATA

With the impending PSNGP regulations, the City began monitoring influent and effluent nitrogen in
2021. Average influent nitrogen concentration and loading values for 2021 are shown in Table E-6.

Table E-6. Lynnwood WWTP Influent Nitrogen Loading in 2021

Quarter  Avg Flow AvgNH;  AvgNO,+NOs; AvgTIN AvgTIN AvgTKN  Avg TKN

of 2021 (MGD) (mg/L) (mg/L) (mg/L)  (lb/d) (mg/L) (Ib/d)
Qi1 4.7 16.9 3.1 20.1 779 25.2 971
Q2 3.6 25.0 3.5 285 851 36.7 1,094
Q3 3.3 30.9 1.4 323 893 41.6 1,181
Q4 4.8 23.8 1.8 25.6 972 N/A N/A

1. NO;is nitrite and NOs is nitrate

The influent data suggests that nitrogen enters the WWTP primarily in ammonia (NH3) form. TIN,
the sum of ammonia, nitrite, and nitrate forms of nitrogen, mostly consists of ammonia. Total
Kjeldahl Nitrogen (TKN) (the sum of ammonia and organic nitrogen) consists primarily of ammonia,
but the data also suggests that a significant fraction of organic nitrogen is present in the influent.

For reference, average effluent nitrogen concentration and loading values during 2021 are shown
quarterly in Table E-7.
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Table E-7. Lynnwood WWTP Effluent Nitrogen Loading in 2021

Quarter Avg Flow Avg NH3 Avg NO2 + NO3 Avg TIN Avg TIN Average TIN
of 2021 (MGD) (mg/L) (mg/L) (mg/L) (Ib/d) Reduction (%)
Ql 4.7 20.8 0.4 21.2 804.1 -0.03
Q2 3.6 26.8 1.0 27.8 830.1 0.02
Q3 3.3 21.4 3.6 25.0 691.8 0.23
Q4 4.8 24.2 0.4 24.6 945.5 0.03

The limited data suggests that nitrification does not reliably occur at the WWTP during cold
weather months. During the warmest portion of the year, exhibited by Quarter 3, a significant drop
in ammonia nitrogen occurs from influent to effluent. TIN also is reduced on average by 23 percent
during this period, suggesting that some denitrification must occur.

Projected Flow and Loading

Projected flow values were calculated using the 2012 Wastewater Comprehensive Plan Update
(referred to as the 2012 GSP in this Plan) per capita and employee rates (50 gallons per day (gpd)
per capita for residential, 31 gpd per employee) for the projected 2026, 2030, 2040, and 2050
populations (refer to Chapter 2 for a summary of population projections). The same I/ rate

(300 gallons per acre per day (gpad)) also was applied to the projected future sewer service areas.
A summary of the loading projections based on the population projections and per capita loading
rates are summarized in Table E-8.
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Table E-8. Flow, BODs and TSS Loading Projections at WWTP
Population and Employment in Sewer Service Area

Existing Projected Projected Projected Projected
(2019) 2026 2030 2040 2050
Population 42,093 49,696 53,951 64,771 74,431
Employees 29,233 32,317 32,257 45,242 49,882
Annual Average Day (MGD) 4.04 5.19 5.49 6.34 6.97
Maximum Month Avg. Day (MGD) 5.01 6.64 7.03 8.12 8.92
Maximum Week Average Day (MGD) 9.25 8.80 9.31 10.75 11.81
Maximum Day (MGD) 16.53 15.72 16.64 19.21 21.11
Peak Hour (MGD) 20.13 22.20 23.50 27.14 29.82
Annual Average Day (lb/d) 9,177 10,500 11,400 13,700 15,700
Concentration (mg/L) 279 243 249 259 270
Maximum Month Average Day (Ib/d) 9,702 11,400 12,400 14,800 17,000
Concentration (mg/L) 321 206 211 219 229
Maximum Week Average Day (Ib/d) 11,500 13,600 14,800 17,700 20,400
Concentration (mg/L) 149 185 191 197 207
Maximum Day (Ib/d) 14,000 16,600 18,000 21,600 24,800
Concentration (mg/L) 102 127 130 135 141
TSS
Annual Average Day (lIb/d) 7,452 9,000 9,800 11,700 13,400
Concentration (mg/L) 227 208 214 221 231
Maximum Month Average Day (Ib/d) 7,998 9,700 10,500 12,600 14,400
Concentration (mg/L) 265 175 179 186 194
Maximum Week Average Day (Ib/d) 9,500 11,300 12,200 14,700 16,800
Concentration (mg/L) 123 154 157 164 171
Maximum Day (Ib/d) 12,500 14,800 16,100 19,300 22,200
Concentration (mg/L) 91 113 116 120 126
TKN
Annual Average Day (lIb/d) 1,480 1,740 1,890 2,270 2,610
Concentration (mg/L) 44 40 41 43 45
Maximum Month Average Day (lb/d) 1,570 1,890 2,060 2,460 2,830
Concentration (mg/L) 38 34 35 36 38

1. Highlighted values exceed the WWTP design criteria as listed in the NPDES permit and noted in Chapter 3.

2. Projected population and employees were calculated by BHC (Tech Memo dated November 10, 2020).

3. All projected BOD and TSS loads have been rounded up to the nearest 100 pounds. TKN load values are rounded to the
nearest 10 pounds.

4.  All concentrations have been calculated from the flow and load values.

5. A conservative estimate of TKN is provided in this table based on a 6:1 ratio of influent BOD:TKN.
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WWTP improvements are needed in the near term to expand and accommodate projected flow
and loads. The maximum month flow is projected to exceed 85 percent of the design criteria listed
in the NPDES by 2030 and 100 percent of the design criteria by 2040. The maximum month BODs
loading is projected to exceed 85 percent of the design criteria by 2040 and 100 percent of the
design criteria by 2050.

Evaluation of Existing Facilities

Individual WWTP processes were analyzed in this Plan based on a general conditions assessment,
including integrity, age, and useful life, and their capacity to pass or treat the current and projected
flow and loading established in Chapter 4.

The current WWTP provides treatment of raw wastewater from the City’s collection system and
select areas of the City of Edmond’s collection system prior to discharging treated effluent to Puget
Sound. The WWTP consists of primary treatment, secondary treatment, disinfection, and solids
incineration.

LIQUID STREAM ANALYSES

Preliminary Treatment

1. The influent pipe through Bertola Road is aging and should be evaluated for replacement
where impacted by future improvements.

2. The location of the existing Parshall flume does not allow accurate influent flow
measurement.

3. The existing headworks does not provide sufficient hydraulic capacity for projected peak
flow conditions.

4. The existing headworks is undersized to provide sufficient space for mechanical equipment
redundancy.

5. The mechanical equipment is aging and will require replacement during the planning
period.

Primary Treatment

1. The primary clarifiers do not provide sufficient capacity to allow for redundancy during
current or future peak flow conditions. If the WWTP remains as configured through the
planning period, additional primary clarifier area or other improvements are necessary.

2. If the primary clarifier mechanisms are to remain in use through the planning period,
budgeting for full replacement of the existing mechanisms is recommended.

Bypass Overflow Structure and Primary Effluent

Flows above 14 MGD bypass secondary treatment due to the capacity limitations of the secondary
treatment process. While this functions satisfactorily with the current permit conditions, to meet
future nutrient limits, the secondary treatment system will need to treat all flow as discussed in
Chapter 6. The existing system is not expected to require improvements prior to the major
secondary treatment system upgrade.

10 J:\DATA\LYNN\20-0054\10 REPORTS\LYNNFP_EX SUM.DOCX (11/30/2022 11:39 AM)



CITY OF LYNNWOOD WWTP FACILITY PLAN EXECUTIVE SUMMARY

Main Plant Pump Station (MPPS)

The MPPS is not sufficiently sized to provide capacity for primary effluent flow higher than 14 MGD.
While the MPPS functions satisfactorily with the current permit conditions, to meet future nutrient
limits, the MPPS will need to be abandoned or reconfigured to allow all flow to be conveyed to the
secondary treatment system. In the interim, the MPPS is not expected to require improvements
prior to the major secondary treatment system upgrade.

Aeration Basins and Blowers

The future requirements for nitrogen reduction will require significant changes to the aeration
basins and associated systems as discussed in Chapter 6 and Chapter 8.

In the near term, the remaining centrifugal blowers will be replaced with a combination of
automatically controlled screw and turbo blowers in the existing Blower Room. This work is
expected to be complete in 2023.

Secondary Clarifiers and RAS

1. Replace the older removable covers with aluminum Hallsten covers (to be handled as part
of the WWTP operations and maintenance (O&M) program and budget and recommended
to be performed by 2030).

2. Replace components for all four cross screw sludge collector mechanisms (to be handled as
part of the WWTP O&M program and budget and recommended to be performed by 2026).

Secondary Effluent Disinfection System

1. The hydraulic and treatment capacity of the chlorine contact tank will be exceeded during
the planning period, necessitating expansion or replacement of the existing effluent
disinfection system.

2. Replacement of the automatic composite sampler will be necessary during the planning
period and will be completed as part of the normal WWTP O&M program and budget.

Chlorination and Dechlorination Systems

The chlorination and dechlorination systems function satisfactorily and provide sufficient dosing
capacity. However, the systems are aging, and if they are to be maintained for usage through the
planning period, they should likely be upgraded to ensure reliability and improve safety. However,
WWTP staff have expressed interest in other effluent disinfection systems to reduce the handling
of chlorine at the WWTP.

Plant Effluent Outfall

As a condition of the NPDES Permit, the submerged outfall pipe must be inspected each permit
cycle. The existing outfall pipe and diffuser were inspected on August 16, 2021, and the
recommended repairs were completed on August 31, 2021. No major concerns are noted with the
outfall at this time.
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SOLIDS HANDLING SYSTEM ANALYSES

Primary Sludge Conveyance

The primary sludge system is expected to be decommissioned or largely reconfigured as part of the
future secondary treatment system improvements described in Chapter 6 and Chapter 8.

WAS Thickening

The waste activated sludge (WAS) thickening system is expected to be decommissioned or largely
reconfigured as part of the future secondary treatment system improvements described in
Chapter 6 and Chapter 8.

Dewatering

1. Replace the thickened sludge feed grinder, pumps (both), variable frequency drives (both),
and flow meter (recommended to be performed by 2026).

2. Replace the dewatering system equipment and dewatered sludge conveyor (recommended
to be performed between 2031 and 2040).

3. Analyze options and design improvements to replace the weight scales to provide accurate
weight measurement of stored neat polymer (recommended to be performed by 2026).

Scum Concentrating

WWTP staff have determined through operation of the process that the scum collection basin,
scum chopper pump, and scum concentrator do not have sufficient capacity. Improvements to this
equipment are necessary to provide sufficient capacity and should include replacement of the
scum hopper and concentrated scum pump.

Incineration System

Due to the historically high O&M costs associated with the incinerator and routine issues with

meeting air quality standards, an analysis performed by Murraysmith concluded that it is more cost
effective for the City to suspend incineration and proceed with hauling of dewatered sludge until a
new solids handling system can be constructed. The Murraysmith report is included in Appendix F.

ELECTRICAL AND CONTROL SYSTEM ANALYSES

A detailed analysis of the electrical system downstream of the electrical service and standby power
equipment is not provided in this Plan, as the significant WWTP improvements necessary to rectify
other needs identified in the Plan are likely to completely reconfigure or replace the WWTP
electrical systems. The supervisory control and data acquisition (SCADA) computer system is using
software that is still relevant, and the overall computer system and network has been well
maintained by both the City and SCADA consultants. Continued maintenance and updates are
recommended for this system.
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WWTP SITE CONSIDERATIONS

An expansion of the WWTP will be necessary to meet the needs identified in this Plan. The two
most restrictive constraints for future expansion include the necessity to maintain existing WWTP
operation during construction of new improvements and the physical constraints of the site that
limit the developable area for new processes, as discussed in Chapters 6 and 8.

Evaluation of WWTP Liquid Stream Alternatives

SECONDARY TREATMENT

The analyses of the secondary treatment system are based on a PSNGP effluent TIN limit of 3 mg/L.
Three technologies feasible for the WWTP were evaluated: integrated fixed film activated sludge
(IFAS), membrane aerated biofilm reactor (MABR), and continuous flow reactor configured to
achieve densified activated sludge (CFR-DAS). CFR-DAS was determined to have the lowest cost and
the highest likelihood of success in achieving the future capacity needs and nutrient limits. It is the
recommended approach for mainstream secondary treatment at the WWTP and is further
developed for implementation in Chapter 8.

PRELIMINARY TREATMENT

As discussed in Chapter 5, the existing headworks is limited in hydraulic capacity to pass future
peak hour flow events. It is recommended a new headworks with mechanical screening and grit
removal system redundancy is constructed uphill of the existing secondary clarifiers.

Influent metering will be necessary upstream of the proposed headworks location. Influent sewer
pipe can be routed in a manner that dissipates energy from the influent and aligns the flow to allow
for use of an open channel meter upstream of the screening channels, outside of the proposed
Headworks Building.

The future screening system must be sized to pass the projected 2050 peak hour flow of
approximately 30 MGD. The existing screening system consists of a single multi-rake screen with
Y-inch bar spacing with a capacity limitation of approximately 14 MGD. The City desires a higher
level of screening with the future system in addition to the increased capacity. Two-dimensional
perforated plate screening would provide significantly increased screenings removal compared to
the current one-dimensional bar screen. A CFR-DAS system would be adequately protected by
perforated plate screenings with 6 to 9 mm openings.

The existing grit removal system consists of a single 12-foot-diameter grit chamber, grit pump, and
classifier. Similar to the screening system, the future grit removal system must provide significantly
increased capacity, as well as redundancy in equipment. For the peak flows experienced at the City,
vortex-style grit removal in concrete channels is a standard and proven approach to grit removal
and is recommended.

EFFLUENT DISINFECTION

The existing effluent disinfection system consists of a chlorine gas system and a liquid sodium
bisulfate dechlorination system. The existing chlorination system is aging, and the City desires to
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change to an alternate disinfection system to avoid the future use of chlorine gas, which bears high
costs and risks associated with the transport, storage, and handling of a hazardous material. The
City considered other disinfection alternatives and settled on ultraviolet (UV) disinfection. This Plan
recommends the City budget for an enclosed vessel UV system.

Evaluation of WWTP Solids Handling Alternatives

The City considered five solids handling process alternatives: enhanced anaerobic digestion; vapor
recompression drying; gasification; heat drying; and autothermal thermophilic aerobic digestion
(ATAD). These alternatives were evaluated against capital cost, footprint, nutrient side stream,
truck traffic, 30-year O&M cost, regulatory, proven technology, staffing, process complexity, carbon
dioxide generation, and total energy use.

Vapor recompression drying and heat drying were scored the highest due to their relatively
compact footprint, low truck traffic, and lowest capital costs. These two technologies warranted
further in-depth evaluation reviewing specific equipment, considering new criteria such as Inlet DS
Concentration Sensitivity, Dewatering Requirement, and Pyrolysis Integration. Four manufacturers
were considered for heat drying and one manufacturer was considered for vapor recompression
drying. The Komline-Sanderson paddle wheel dryer scored the highest due to its competitive
capital and O&M costs, small footprint requirement, and minimal odor control requirements and is
the recommended solids handling alternative. The total 2021 US Dollar equipment cost for this
recommended alternative is $7.9M, with an annual 2021 US Dollar O&M cost of $1.7M, and a total
30-year life-cycle cost of $41.0M. The recommended process, sized to meet the 2050 maximum
month conditions with 85 percent uptime (310 days per year), will fit in the confined footprint at
the site with fully redundant systems upstream of the dryer process.

Recommended Improvements

The recommended improvements for the City’s WWTP include:

e Replacement of the existing preliminary treatment system with a new headworks located
uphill from the existing secondary clarifiers;

e Removal of the primary treatment;
e New first and second stage aeration basins;
e Improvements to the existing aeration basins and secondary clarifiers;

e Replacement of the existing solids handling system with a facility, including an indirect dryer
system; and

e Replacement of the existing effluent chlorination system with a new UV disinfection system.

WWTP UPPER SITE PREPARATION

To accommodate a new headworks and additional aeration basins, the WWTP footprint will need
to be expanded uphill. This will require significant clearing and grading, realignment of the existing
access road and influent gravity sewer piping, and rerouting of Outfall Creek piping. The site
expansion is discussed in more detail in Chapter 8, and the planning-level capital cost is estimated
to be $19,360,000.
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CITY OF LYNNWOOD WWTP FACILITY PLAN EXECUTIVE SUMMARY

PRELIMINARY TREATMENT IMPROVEMENTS

The headworks infrastructure will be designed to provide capacity for the 2050 peak hour flow of
30 MGD. The proposed headworks will be housed in a two-floor concrete building. The proposed
preliminary treatment improvements are designed to have complete redundancy at the 2050 peak
hour flow condition. The screening system, grit chamber, screenings washer/compactors, grit
pumps, and classifiers are all sized to handle this flow with identical equipment providing
100-percent online redundancy. The planning-level cost estimate for the planning, design,
permitting, and construction of the future preliminary treatment system is estimated to be
$26,482,000.

SECONDARY TREATMENT IMPROVEMENTS

The secondary treatment improvements will remove the existing primary clarifiers and expand the
aeration basin tankage, coupled with process control elements to facilitate CFR-DAS, and were
determined to have the highest likelihood of meeting the 2050 capacity and TIN reduction
requirements. For the purposes of this Plan, the proposed secondary treatment system is expected
to provide capacity for secondary treatment to conventional standards (BOD and TSS) for the
projected 2040 conditions and beyond.

A basic layout of the new secondary treatment system is shown in Figure E-1, which shows two
identical trains consisting of anaerobic (Ax), anoxic (Ax), and aerobic or oxic (Ox) zones in the first
stage, and activated sludge aeration basins and latter aerobic zones in the second stage. A swing
(Sw) zone is also shown, which can be operated as aerobic or anoxic. The new headworks and the
existing secondary clarifiers will be between the two stages of aeration basins. A new RAS system
will support the proposed secondary treatment system.
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EXECUTIVE SUMMARY CITY OF LYNNWOOD WWTP FACILITY PLAN

Figure E-1 — Proposed Secondary Treatment System
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The planning-level cost estimate for the planning, design, permitting, and construction of the
future secondary treatment system is estimated to be $88,080,000.

EFFLUENT DISINFECTION IMPROVEMENTS

Enclosed vessel UV disinfection was selected over open-channel UV disinfection since an enclosed
vessel UV system has siting flexibility and the enclosure of the outfall system. The enclosed UV
disinfection system will be installed in either a new building or within a portion of an existing
building. The UV disinfection system was sized to treat the projected 2050 peak hour flow of

30 MGD. The planning-level cost estimate for the planning, design, permitting, and construction of
the future effluent disinfection system is estimated to be $10,478,000.

SOLIDS HANDLING IMPROVEMENTS

The solids handling improvements will accomplish the City’s goals of fitting the new process onsite
while meeting 2050 maximum month solids production. This process also will allow the City to
minimize biosolids hauling truck traffic to 2 to 3 trucks per week by reliably producing 90-percent
Class A biosolids. The Solids Handling Building is intended to be slab-on-grade with a metal frame
and siding construction on two stories. The solids handling process is sized to account for

85 percent uptime while providing full redundancy for aerobic storage mixing/aeration, WAS
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CITY OF LYNNWOOD WWTP FACILITY PLAN EXECUTIVE SUMMARY

thickening, and dewatering. The planning-level cost for the planning, design, permitting, and
construction of the solids handling process is estimated to be $63,290,000.
SUMMARY OF COSTS AND STAFFING

Table E-9 summarizes the expected capital costs for the recommended improvements discussed in
this chapter.

Table E-9. Summary of Expected Capital Costs (in millions) for Recommended Improvements
Upper

WWTP Site Preliminary Secondary _Effluen_t SO|IC!S
. Treatment Treatment Disinfection Handling
Preparation
| Project Total $19.4 $27.1 $88.1 $9.9 $63.3 | $207.7

Table E-10 summarizes the expected O&M costs for the categories of recommended improvements
discussed in this chapter.

Table E-10. Summary of Expected Annual O&M Costs for Recommended Improvements

Preliminary Secondary Effluent Solids Total
Treatment Treatment Disinfection | Handling

Total O&M (Rounded up to
nearest $10,000) $398,000 | $1,159,000 $113,000 | $1,689,000 | $3,359,000

While 7.5 full-time employees (FTEs) are recommended for the operations and maintenance of the
recommended improvements, it is expected that 5 more FTEs are necessary for other WWTP
functions. Therefore, at the 20-year condition, 12.5 FTEs would be necessary for the WWTP.

Implementation Plan

Major improvements to the WWTP must be phased in a manner that maintains the operation of
the existing WWTP. The physical constraints of the existing site, as well as the complexity of the
WWTP infrastructure, will challenge the implementation of significant improvements at this site.
Proposed improvement may be constructed in three phases: upper site utility work; liquid stream
improvements; and solids handling.

WWTP PERMITTING

The current draft of the NPDES permit for WWTP became effective on March 1, 2019. The City
must apply for renewal by August 31, 2023. The proposed improvements to the WWTP will require
review and approval of an engineering report in accordance with WAC 173-240-060. This Plan is
intended to meet those requirements. Construction documents for the proposed improvements
will require review and approval by Ecology prior to construction in accordance with Section G5 of
the NPDES Permit.

The PSNGP requires that the City prepare a Nitrogen Optimization Plan and comply with
intermediate milestones. The PSNGP also requires each treatment facility to conduct a Nutrient
Reduction Evaluation (NRE) during the first permit cycle. The NRE is due by December 31, 2025.

The WWTP improvements will require air emissions permitting subject to PSCAA regulations.
Further, to construct the proposed WWTP improvements, coordination with and permit approvals
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EXECUTIVE SUMMARY CITY OF LYNNWOOD WWTP FACILITY PLAN

from several regulatory agencies will be required, including the City, Ecology, Washington State
Department of Archaeology and Historic Preservation, Washington Department of Fish and
Wildlife, and U.S. Army Corps of Engineers.

SCHEDULE

A conceptual estimate of the overall schedule for the three phases of improvements is shown in
Figure E-2.

Figure E-2 — Conceptual Estimate of Overall Schedule for Improvements

Year (Quarter)

2027- 2029-
2024 2025 2026 2028 2031

Planning
Facility Plan
GSP .
Ecology Approval &&
Design & Permitting
Survey/Geotech
Permitting

-
Phase 1 Design &&&&\f-\-\-\-\
Phase 2 Design &&&&N&%&&&&&&

Phase 3 Design
Construction

Phase 1 &&@&&&&
Phase 2
Phase 3
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1 | INTRODUCTION
1.1 AUTHORIZATION

The City of Lynnwood (City) authorized RH2 Engineering, Inc., (RH2) to prepare this Wastewater
Treatment Plant (WWTP) Facility Plan (Plan). The Plan meets the requirements for an “engineering
report” for a domestic wastewater facility in accordance with Washington Administrative Code
(WAC) 173-240-060. The Plan is additionally intended to meet the requirements of a “facility plan”
as identified in WAC 173-240-060(5) and Sections G1-2.5.1 (Engineering Reports/Facility Plans) and
G1-4.1 (Engineering Report/Facility Plan) of the Washington State Department of Ecology’s
(Ecology) Criteria for Sewage Works Design (commonly known as the Orange Book).

1.2 PURPOSE OF THE PLAN

The purpose of this Plan is to identify existing and future needs or deficiencies of the WWTP and
recommend improvements to remedy these items. The primary factors that will drive WWTP
improvements are generally conditions, capacity, and/or regulatory based, and each are briefly
introduced as follows.

1.2.1 WWTP Conditions

The WWTP solids handling system has relied on an incineration system since the 1960s. The current
incinerator has become increasingly costly to operate due to its age, and it has difficulties meeting
regulations for air emissions. Evaluation of the future of solids handling at the WWTP was a
significant driver in this Plan.

The current configuration of the liquid stream treatment system at the WWTP was largely
constructed through two projects in the 1980s. The first project expanded preliminary and primary
treatment at the existing WWTP. The second project added secondary treatment uphill from the
previously constructed preliminary and primary treatment systems. Smaller projects have since
occurred to retrofit components of the WWTP, but the major liquid stream components of the
WWTP are at least 30 years old and much of it warrants improvements due to age and condition.

1.2.2 WWTP Capacity

As the population of the City’s sewer service area grows and densifies, the expected flow and
loading to the WWTP will exceed its rated capacity during the planning period. No substantial
improvements to the WWTP capacity have been made in over 30 years; to meet the demands of
growth, an increase of WWTP capacity will be necessary.

1.2.3 Future Regulations

In December 2021, Ecology issued the Puget Sound Nutrient General Permit (PSNGP), which applies
to all domestic WWTPs discharging to Puget Sound. The PSNGP is Ecology’s first step in regulating
the discharge of nitrogen from domestic WWTPs to Puget Sound to combat the low dissolved
oxygen occurrences in the sound. The PSNGP proposed an initial seasonal limit of 3 milligrams per
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CHAPTER 1 CITY OF LYNNWOOD WWTP FACILITY PLAN

liter (mg/L) of Total Inorganic Nitrogen (TIN) from April 15t to October 31%. Outside of this window,
WWTPs would be expected to apply all known and reasonable technologies (AKART) to reduce the
discharge of nitrogen. While the final limits and compliance timeline have not been developed at
this time, the impact of these potential regulatory requirements must be considered in WWTP
planning.

In addition to the factors of age, capacity, and regulations, this Plan devotes significant effort to
analyzing the constraints of the existing WWTP site, which significantly challenges any future
improvements at this location. Potential alternatives for improvements are evaluated for their
ability to not only remedy the identified deficiencies but also to be constructable within the
constraints of the site while maintaining current WWTP operations. The recommended
improvements are identified with overall phasing and implementation strategies.

Due to the complexity of implementing large scale projects at the current WWTP, potential off-site
solutions are reviewed separately from this Plan with the intent of determining if such
improvements can cost-effectively reduce the improvements necessary at the WWTP. These
alternatives are analyzed separately in the City’s 2022 General Sewer Plan (2022 GSP) completed by
BHC Consultants, LLC (BHC) and RH2. This Plan is devoted to analyzing all potential on-site options
for improvements to the WWTP to allow the facility to provide treatment while meeting
regulations at its current location through the planning period.

For reference, the current National Pollutant Discharge Elimination System (NPDES) permit issued
by Ecology for the City’'s WWTP is included in Appendix A. The current version of the PSNGP also is
included in Appendix A. The process schematic, design criteria, and hydraulic profile for the major
existing liquid stream components from the original contract documents are included in

Appendix B. An aerial photo of the existing WWTP is provided in Exhibit C-1 WWTP Aerial in
Appendix C.

1.3 RELATED DOCUMENTATION

The 2022 GSP provides the basis for the projected growth in the collection system used in this Plan
to establish projected flow and loading for the purposes of identifying future treatment needs. This
Plan is intended to accompany the 2022 GSP and provide the detailed analysis and
recommendations for the WWTP. Other applicable background documentation and planning
information relevant to this Plan are as follows:

e Population and Flow Projections Technical Memorandum prepared by BHC (included in
Appendix D) is used for the basis of population projections included in the 2022 GSP.

1.4 SUMMARY OF PLAN CONTENTS

A summary of the content of the chapters in this Plan is as follows:

e Chapter 1 introduces the reader to the objectives of the Plan, background information, and
the overall organization of the Plan.

e Chapter 2 presents the projected population growth of the sewer service area.
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CITY OF LYNNWOOD WWTP FACILITY PLAN INTRODUCTION

e Chapter 3 presents the regulatory requirements and considerations that must be addressed
with future improvements.

e Chapter 4 identifies existing wastewater flow and loading rates and projects future flow and
loading rates based on the population forecasts.

e Chapter 5 presents a capacity- and conditions-based evaluation of the existing WWTP and
unit processes to identify deficiencies.

e Chapter 6 identifies and evaluates alternatives to rectify deficiencies or meet the needs of
the major liquid stream components identified in previous chapters.

e Chapter 7 identifies and evaluates alternatives to rectify deficiencies or meet the needs of
the major solids handling components identified in previous chapters.

e Chapter 8 summarizes the recommended improvements.

e Chapter 9 provides guidance on implementation of the recommended improvements.

1.5 LIST OF ABBREVIATIONS

Abbreviation Definition

Table 1-1

Abbreviations

°C degrees Celsius
°F degrees Fahrenheit
AA average annual
AACE International Association for the Advancement of Cost Engineers
AKART All known, available and reasonable technologies
AMSL above mean sea level
AO Approval Order issued by the Puget Sound Clean Air Agency. An
Approval Order is the same as a permit to construct.
BOD or BODs 5-day biochemical oxygen demand
CBE Chavond-Barry Engineering Corporation
CBOD or CBODs 5-day carbonaceous biochemical oxygen demand
cfm cubic feet per minute
CFR Code of Federal Regulations
CFU colony forming units
CFU/100 mL colony forming units per 100 milliliters
CIp Capital Improvement Plan
City City of Lynnwood
Code City Municipal Code
County Snohomish County
CWA Clean Water Act
DI ductile iron
DMR discharge monitoring reports
D.O. dissolved oxygen
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Abbreviation Definition

Ecology Washington State Department of Ecology
Ermissions unit Any part ofthe WWTP that emits or would have the potential to emit a
regulated air pollutant.
EPA U.S. Environmental Protection Agency
ERU equivalent residential unit
gpm gallons per minute
fps feet per second
GMA Growth Management Act
gpad gallons per acre day
gpcd gallons per capita per day
gpd gallons per day
gpd/sf gallons per day per square foot
gpm gallons per minute
gpy gallons per year
GSP General Sewer Plan
HDPE high-density polyethylene
hp horsepower
1/l infiltration and inflow
kW kilowatts
Ib/hr pounds per hour
Ib Oz/hr pounds of oxygen per hour
Ib/d or ppd pounds per day
LS Lift Station
MCC motor control center
Metcalf & Eddy Wastewater Engineering Treatment and Resource Recovery, 5™ Edition
MD maximum day
MG million gallons
mg/L milligrams per liter
MGD million gallons per day
MH manhole
MHI median household income
mL milliliters
MM maximum month
MMBtuh Millions of British Thermal Units per hour
MPPS Main Plant Pump Station
MwW maximum week
NAVD North American Vertical Datum
NO, nitrite
NOs nitrate
NOAA National Oceanic and Atmospheric Administration
NOC Notice of Construction

1-4
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Abbreviation Definition

NOP Nitrogen Optimization Plan
NPDES National Pollutant Discharge Elimination System
NRE Nutrient Reduction Evaluation
NSPS New Source Performance Standard
NSR new source review
0&M operations and maintenance
OFM Washington State Office of Financial Management
Orange Book Was.hington State Department of Ecology Criteria for Sewage Works
Design
PARIS Permitting and Reporting Information System
PH peak hour
PHF peak hour flow
Plan WWTP Facility Plan
ppcd pounds per capita per day
PSCAA Puget Sound Clean Air Agency
psi or psig pounds per square inch
PSNGP Puget Sound Nutrient General Permit
PVC polyvinyl chloride
RACT Reasonably Available Control Technology
RAS return activated sludge
Reg. 1 Puget Sound Clean Air Agency Regulation 1
RCW Revised Code of Washington
RH2 RH2 Engineering, Inc.
SCADA supervisory control and data acquisition
SCFM standard cubic feet per minute
SEPA State Environmental Policy Act
sf square foot
SLR solids loading rate
SRT solids retention time (aerobic)
SSI sewage sludge incinerator
TDH total dynamic head
TIN Total Inorganic Nitrogen
TKN Total Kjeldahl Nitrogen
TMDL total maximum daily load
TP Total phosphorus
TSS total suspended solids
TWAS thickened WAS
UGA Urban Growth Area
uv ultraviolet
ug/L Micrograms per liter
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Abbreviation Definition

UW-sec/cm? microwatt seconds per centimeter squared
VFD variable frequency drive
WAC Washington Administrative Code
WAS waste activated sludge
WSP Water System Plan
WWTP wastewater treatment plant

1-6
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2 | SERVICE AREA AND PLANNING INFORMATION

Chapter 2 presents summary information regarding the service area and collection system, as well
as planning information. This information is mainly for reference purposes, and is more completely
represented in the City of Lynnwood (City) Sewer Comprehensive Plan (BHC, 2022) (2022 SCP),
which is a companion document to this Facility Plan.

2.1 PLANNING PERIOD

This Facility Plan (Plan) will evaluate the wastewater treatment plant (WWTP) improvements
necessary to meet future regulatory requirements identified in Chapter 3 and rectify conditions-
and capacity-based needs identified in Chapter 5. To accomplish this, the projected service area
population is established in this chapter, and the corresponding flow and loading is estimated from
these projections in Chapter 4.

The technical memorandum Population and Flow Projections prepared by BHC Consultants (BHC) in
November 2020 is included as Appendix D and provides population and flow projections for the
years 2026, 2030, 2040, and 2050. These years were established to estimate both near- and
long-term growth.

For the purposes of planning, year 2050 serves as the basis of alternatives analyses for major
infrastructure improvements. Major tankage and building expansions will be sized based on the
year 2050 flow and loading projections, and as such, the capital cost estimates necessary for
comparing alternatives are based on the 2050 conditions.

The recommended infrastructure improvements are analyzed at the 2040 condition for the
purposes of estimating the design criteria necessary for sizing treatment equipment and other
shorter-lived assets.

2.2 DESCRIPTION OF EXISTING SERVICE AREA AND COLLECTION
SYSTEM

The City’s sewer utility currently includes the majority of the City limits, and the WWTP serves
approximately 5,900 acres. Small portions of the southeast sections of the City limits are served by
the City of Mountlake Terrace and the Alderwood Water and Wastewater District. In addition,
portions of the City of Edmonds that are outside of Lynnwood’s Urban Growth Area (UGA) are
served by the City’s WWTP.

The Alderwood Water and Wastewater District provides sewer service in the City’s UGA but outside
of the City limits. The City also has a portion of its system in the southwest corner of the City limits
that is conveyed and treated by the City of Edmonds. The City’s Sewer Service Area map from the
2022 SCP is included as Figure 2-1.

The City’s sewage collection system currently includes approximately 104 miles of gravity main,
6 miles of lift station force mains, 7 lift stations, and the WWTP. Wastewater is treated and
disinfected at the WWTP before being discharged into the Puget Sound. The Sewer System Map
from the 2022 SCP is attached as Figure 2-2.
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CHAPTER 2 CITY OF LYNNWOOD WWTP FACILITY PLAN

2.2.1 Existing Sewer Mains

The City’s gravity main piping ranges in size from 8 inches to 36 inches in diameter, for a total of
almost 104 miles. This total does not include any side sewers that are 6 inches or smaller. Gravity
main materials include a majority of concrete pipes, with some polyvinyl chloride (PVC),
high-density polyethylene (HDPE), ductile iron, and fiberglass reinforced plastic (FRP) pipes.

The existing lift station force mains cover almost 6 miles and range in size from 6-inch to 24-inch
diameter.

2.2.2 Existing Lift Stations

The City’s seven lift stations include two wet well/dry well stations, two vacuum-primed packaged
stations, and three submersible stations, as follows:

2.3

Lift Station (LS) 4 is a two vacuum-primed packaged that is in the process of replacing aging
equipment with 2 submersible Hidrostal pumps with a design capacity of 500 gallons per
minute (gpm).

LS 7 is a two vacuum-primed packaged station with a capacity of 125 gpm and 2 Smith and
Loveless pumps.

LS 8 is a submersible station that includes 4 Hidrostal pumps with a firm capacity of
3,000 gpm.

LS 10 is a wet well/dry well type station with 4 Fairbanks Morse pumps with a capacity of
5,000 gpm.

LS 12 is also a wet well/dry well type station with 4 Fairbanks Morse pumps. The design
capacity of the station is 3,000 gpm.

LS 14 is a two vacuum-primed packaged station with 2 Smith and Loveless pumps for a firm
capacity of 210 gpm.

LS 16 is a submersible lift station with 2 Hidrostal pumps and a firm capacity of 2,500 gpm.

POPULATION PROJECTIONS

2.3.1 Planning Area

The current sewer service area is defined in the 2022 SCP and is hatched in blue in Figure 2-3.

J:\DATA\LYNN\20-0054\10 REPORTS\LYNNFP_CH2.DOCX (11/30/2022 11:52 AM)



CITY OF LYNNWOOD WWTP FACILITY PLAN SERVICE AREA AND PLANNING INFORMATION

Figure 2-3 — Sewer Service Area and Planning Subareas

w— Oy of Lyrewvood boundary

Courtesy of technical memorandum Population and Flow Projections prepared by BHC.

For the purposes of population analysis, the sewer service area was divided into four subareas.
Area A consists of the area within the City of Lynnwood, Area B consists of the area within the City
of Edmonds, Area C consists of the Alderwood Mall Area, and Area D consists of the Lynnwood City
Center. Appendix D provides detail on the establishment of these areas and population analyses
within each.

2.3.2 Historical Population Trends

Historical and baseline populations were estimated by Washington State Office of Financial
Management’s (OFM) Small Area Estimates Program. OFM’s calculations show a steady rise in
population over the period that was analyzed (2015 through 2019). The baseline population (in
2019) was estimated to be 42,707. As discussed in Appendix D, this is considered the most
accurate estimate available until the results of the latest Census are published. The baseline
employee population (in 2019) was provided by the Puget Sound Regional Council (PSRC) and was
estimated to be 29,233. For the purposes of this Plan, it was assumed that the employee
population has remained the same for the years 2015 through 2019.

The sewered population served by the City was estimated by BHC using the population minus the
number of residences served by a septic system and multiplying by an average of 2.59 residents per
connection. It was estimated that approximately 233 residences were served by septic systems for
2015 through 2018 and approximately 237 residences were served by septic systems in 2019. A
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CHAPTER 2 CITY OF LYNNWOOD WWTP FACILITY PLAN

summary of the historical population is shown in Table 2-1. For the purposes of this Plan, it was
assumed that the residential and employee populations for 2020 were the same as 2019.

Table 2-1. Historical Residential and Employee Populations

Population and Employment in Sewer Service Area

2019
Parameter 2015 2016 2017 2018 (Existing)
Population 40,503 40,711 41,086 41,663 42,707
Sewered Population 39,900 40,108 40,483 41,060 42,093
Employees 29,233 29,233 29,233 29,233 29,233
Table Notes:

1. Sewered population for 2019 was estimated from the 2019 population estimate minus the approximately
237 residences in the City's service area served by a septic system multiplied by an average of 2.59
residents per connection. Sewered population for 2015 through 2018 was estimated in a similar manner
using the population from that year and the estimate of approximately 233 residences in the City's service
area served by a septic system.

2.3.3 Population Projections

Population forecasts were estimated by PSRC for each service area using the Land Use Vision
Regional Model. BHC modified some of these projections based on discussions with the City. It was
assumed that all residents on septic systems will be connected to the City's sewer system by 2026.
For more detail on the processes for establishing baseline and projected residential and employee
populations, refer to Appendix D. A summary of the projected populations is shown in Table 2-2.

Table 2-2. Baseline and Projected for Residential and Employee Populations

Population and Employment in Sewer Service Area

Existing Projected Projected Projected Projected
Parameter (2019) 2026 2030 2040 2050
Population 42,707
Sewered Population 42,093 49,696 23,951 64,771 74,431
Employees 29,233 32,317 32,257 45,242 49,882
Table Notes:

1. It was assumed that all residents on septic systems will be connected to the City's sewer system by 2026.
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3 | REGULATORY REQUIREMENTS

This chapter describes the current and anticipated future regulatory requirements for the City of
Lynnwood’s (City) Wastewater Treatment Plant (WWTP). The intent of this chapter is to outline
regulatory requirements that can affect WWTP design criteria, the approach to treatment, and
other factors to consider in long range planning for the WWTP.

3.1 REGULATIONS FOR SURFACE WATER DISCHARGE

Wastewater flow and loading into the WWTP and treated plant effluent water discharged to
Browns Bay in Puget Sound are regulated through the City’s National Pollutant Discharge
Elimination System (NPDES) Permit.

The federal Clean Water Act (CWA, 1972, and later modifications, 1977, 1981, and 1987)
established water quality goals for the navigable (surface) waters of the United States: “The
objective of the CWA is the restoration and maintenance of the chemical, physical, and biological
integrity of the country’s water.” The CWA grants individual authority to each state to define the
water quality standards (within the limits set by the water quality goals) within its jurisdiction and
enforce them. Water quality standards for surface waters in Washington State have been
established (Chapter 173-201A Washington Administrative Code (WAC)) and are enforced by the
Washington State Department of Ecology (Ecology) (Chapter 90.48 Revised Code of Washington
(RCW)). The purpose of the water quality standards is to provide “public health and public
enjoyment of the waters and the propagation and protection of fish, shellfish, and wildlife.” Each
surface water in the state is identified as fresh water or marine water and designated for one or
more uses, which then determines the specific water quality standards that apply to that water.

The state also has established a permit program for implementation of the NPDES Permit Program
created by the CWA. The program requires a discharge permit for any point source, such as a
domestic wastewater treatment plant, and discharge of pollutants to surface waters of the state
for the purpose of maintaining the water quality standards. Each permit is renewed on roughly a
5-year cycle. The permit and accompanying fact sheet include information on discharge limits,
monitoring schedule, and general and special conditions that apply to the applicable point source.

The state requires that all laboratories reporting data to comply with NPDES permits must be
accredited (Chapter 173-50 WAC). The WWTP on-site laboratory currently is accredited
(Accreditation ID 654) for determination of the following parameters: total suspended solids; total
chlorine (residual); pH; dissolved oxygen; biochemical oxygen demand; carbonaceous biochemical
oxygen demand; and fecal coliform (SM 9221 E2+C and SM 9222 D).

In the future, the WWTP on-site laboratory will need to be accredited for determination of E. coli.
Refer to the Future Bacterial Indicator Effluent Limits section in this chapter for the related change
from fecal coliform to E. coli as the bacterial indicator.

The City’s current revised NPDES Permit (Permit No. WA0024031) has an effective date of

March 1, 2019, and expiration date of February 29, 2024. Copies of the permit and accompanying
fact sheet are included as Appendix A. The following sections present the facility design criteria and
effluent limits from the permit.
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CHAPTER 3 CITY OF LYNNWOOD WWTP FACILITY PLAN

3.1.1 Facility Design Criteria
The permitted facility flow and loading design criteria for the WWTP is included in Table 3-1.
Table 3-1. WWTP Permitted Flow and Loading Design Criteria

‘ Parameter Design Quantity \
Maximum Month Design Flow (MMDF) 7.4 MGD
BOD:s Influent Loading for Maximum Month 15,120 Ib/d
TSS Influent Loading for Maximum Month 15,120 Ib/d

MGD = million gallons per day

3.1.2 Effluent Limits

Treated plant effluent water is discharged to Browns Bay in the Puget Sound through a piped
outfall, which is designated as Outfall No. 001 in the NPDES Permit. Surface water quality standards
are outlined in Chapter 173-201A WAC to protect existing water quality and preserve the beneficial
uses of Washington’s surface waters. This chapter outlines water quality based effluent limits and
criteria specifying the maximum levels of pollutants allowed in receiving water to protect aquatic
life and recreation, as well as criteria pertaining to the protection of human health. Chapter
173-221 WAC provides technology-based effluent limits for wastewater treatment plants. These
regulations are performance standards that constitute all known, available, and reasonable
technologies (AKART) for prevention, control, and treatment for domestic wastewater. When
surface water quality based limits are more stringent than technology-based limits, the discharge
must adhere to the water quality based limits. The effluent limits for Outfall No. 001, including
whether the limit is water quality or technology-based, are shown in Table 3-2.

Table 3-2. NPDES Permit Effluent Limits

Effluent Limits for Outfall No. 001

Parameter Basis of Limit Average Monthly Average Weekly
Carbonaceous Biochemical 25 mg/L 40 mg/L
Oxygen Demand (5-day) Technology 1,543 Ib/d. 2,469 lb/d

85% removal of influent
(CBOD:s)
CBODs
30 mg/L 45 mg/L
Total Suspended Solids Technology 1,851 Ib/d 2,777 lb/d
(TSS) 85% removal of influent
TSS

Parameter Basis of Limit Minimum Maximum
pH | Technology | 6.0 standard units | 9.0 standard units

Parameter Basis of Limit Monthly Geometric Weekly Geometric

Mean Mean
Fecal Coliform Bacteria |  Technology | 200/100 mL | 400/100 mL

Parameter Basis of Limit Average Monthly Maximum Daily

Total Residual Chlorine | Water Quality | 278 ug/L | 728 pg/L

pg/L = micrograms per liter
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3.1.3 Future Regulatory Changes

Ecology can change water quality standards or NPDES Permit effluent limits (the latter for the
purpose of maintaining water quality standards). Known future changes to water quality standards
and NPDES Permit effluent limits that are applicable to Outfall No. 001 at the WWTP are
summarized in this section.

FUTURE BACTERIAL INDICATOR EFFLUENT LIMITS

The receiving water of the Browns Bay in Puget Sound at Outfall No. 001 is designated for Primary
Contact Recreational Use (WAC 173-201A-612, Table 612). To protect water contact recreation in
marine water, such as the receiving water, bacterial indicator criteria (standards) are defined
(WAC 173-201A-210(3)(b)). Ecology is changing the bacterial indicator from fecal coliform to E. coli
with an effective date of January 1, 2021. The E. coli and expiring fecal coliform bacterial indicator
criteria are both defined in the current version of WAC 173-201A-210(3)(b).

The City’s NPDES Permit has a fecal coliform bacteria effluent limit for Outfall No. 001. When the
current permit expires, an E. coli bacteria effluent limit for Outfall No. 001 will be developed and
become effective at the time of that permit renewal. Therefore, the fecal coliform bacteria effluent
limit will remain effective until the permit expires.

PUGET SOUND NUTRIENT GENERAL PERMIT

Section 303(d) of the CWA establishes a process to identify and clean up surface waters that do not
meet the applicable water quality standards. Every few years, Ecology performs a water quality
assessment using collected data to determine whether water quality of the surface waters meets
the standards. Based on the assessment, each surface water is placed into one of five categories
that describes the status of the water quality and ranges from meeting the standards (Category 1)
to impaired (i.e. polluted) and requiring a water improvement project (Category 5). Surface waters
placed into Category 5 are listed on the state’s 303(d) list of polluted waters, which is named after
the referenced section of the CWA.

At certain times of the year, dissolved oxygen levels in a large number of locations throughout
Puget Sound do not meet the applicable water quality standards, and in many other locations show
evidence of not meeting the standards in the future. The surface waters within Puget Sound that
are not meeting the dissolved oxygen standards are listed in the state’s 303(d) list. Ecology initiated
the Puget Sound Nutrient Reduction Project (Project) in the spring of 2017 to address the problem
of human sources of nutrients contributing to the low and decreasing dissolved oxygen levels
throughout Puget Sound. As a result of modeling, Ecology believes discharges of nutrients to Puget
Sound from domestic wastewater treatment plants are significantly contributing to the problem.
The goal of the Project is to develop a nutrient source reduction strategy, which includes reducing
nutrient levels discharged from domestic wastewater treatment plants.

Ecology has been utilizing a model of Puget Sound to understand the problem and simulate
potential improvements. Ecology has identified nitrogen as the limiting nutrient, with inorganic
nitrogen, consisting of nitrate-nitrite and ammonia, as the “biologically available” form. Ecology is
performing additional modeling for optimization scenarios; however, results from completed
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CHAPTER 3 CITY OF LYNNWOOD WWTP FACILITY PLAN

modeling are being used to determine effluent nitrogen permit limits for domestic wastewater
treatment plants with outfalls to Puget Sound (identified as marine sources), which includes the
City’s WWTP. Individual NPDES permits for the same treatment plants will continue independently
of, but in conjunction with, the general permit and may be modified as necessary to include
facility-specific nutrient-related requirements.

In January 2021, Ecology released a preliminary draft of the Puget Sound Nutrient General Permit
(PSNGP) for public comment. The public comment period ended on March 15, 2021, and Ecology
has proceeded with developing a formal version, which became effective January 1, 2022 and
expires December 31, 2026. The following descriptions summarize the final PSNGP, including
anticipated permit limits specific to the City’'s WWTP.

Notice of Intent

The City has filed a Notice of Intent for coverage under the PSNGP and has started submitting Daily
Monitoring Reports (DMR) as required by the General Permit and discussed below.

Optimization Requirements

Regardless of whether action levels are exceeded or not, the City must submit an annual Nitrogen
Optimization Plan (NOP) to Ecology. Optimization refers to short-term actions (low cost controls
and process changes) focused on improving existing performance. Optimization processes do not
include large scale capital investments. The City must begin optimization immediately upon
coverage under the PSNGP.

The NOP must improve the following components:
1. Treatment Process Performance Assessment

Assess the nitrogen removal potential of the current treatment process and identify viable
optimization strategies prior to implementation.

a. Treatment Assessment. Develop a method to evaluate potential optimization
approaches for the existing treatment process. This will include an evaluation of current
(pre-optimization) process performance to determine the existing Total Inorganic
Nitrogen (TIN) removal performance for the WWTP. The assessment must also include a
list of potential optimization strategies capable of meeting the action level at the WWTP
prior to starting optimization. Update the assessment and list of options as necessary
with each Annual Report.

b. Identify and Evaluate Optimization Strategies. From the list of options, identify viable
optimization strategies. Prioritize and update this list as necessary to continuously
maintain a working set of strategies for meeting the action level with the existing
treatment processes. Any optimization strategy from the initial list that was considered
but found to exceed a reasonable implementation cost or timeframe may be excluded.
Documentation must include an explanation of the rationale and financial criteria used
in the exclusion determination. If no viable optimization strategies exist for the current
treatment processes, the City must immediately proceed to the identification of a
corrective action.
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c. Initial Selection. The City must select at least one optimization strategy no later than
July 1, 2022. The expected performance (i.e. % TIN removal or a calculated reduction in
effluent load or concentration) for the initial optimization strategy must be documented
prior to implementation.

2. Optimization Implementation

The City must document implementation of the selected optimization strategy, which
includes the following:

a. Strategy Implementation. Describe the initial implementation costs, length of time to
implement (include starting date), adaptive management necessary for refining
implementation, anticipated and unanticipated challenges, and impacts to overall
treatment processes due to optimization process changes.

b. Discharge Evaluation. By March 315 of each year (beginning in 2023), the City must
review effluent data to determine average annual TIN concentration, load, and the TIN
removal rate of the WWTP. Annual loads exceeding the action level will require
corrective actions.

3. Influent Nitrogen Reduction Measures/Source Control

The City must include documentation of investigation into opportunities to reduce influent
TIN loads. Investigations must include a review of non-residential sources of nitrogen and
the identification of pretreatment opportunities, as well as potential strategies for reducing
TIN from new multi-family/dense residential developments and commercial buildings.

Action Levels

All domestic wastewater treatment plants covered by the PSNGP will have individualized action
levels. These action levels represent TIN mass loading thresholds, which will require action from
the City if they are exceeded.

Ecology took a minimum of 3 years’ worth of TIN loading data and sampled it using a method called
“bootstrapping.” Bootstrapping means a data point is randomly selected from a set of data and
“put back” into the set (i.e. data points might be selected more than once). This random selection is
performed N times, where N is the total number of data points. A single “bootstrap sample” is a set
of N randomly selected samples. Ecology performed a large number of bootstrap samples, took the
average value of each bootstrap, and arranged these averages from smallest to largest. The chosen
action level is equal to the 99t percentile of this set of averages. This means, if a treatment plant
continues its pattern of historical nutrient loading, there is theoretically only a 1-percent chance
that the nutrient loading of a future year exceeds the action level.

Ecology calculated the following action level values for the City:

Lynnwood TIN Action Level = 340,000 pounds per year.

If the City determines in the Annual Report that the action level has been exceeded, the following
steps must be taken:

1. Identify possible factors that caused the exceedance.
2. Identify whether modifications to the optimization strategy can improve performance.
3. Assess whether different strategies may provide better process improvements.
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4. Document any changes to the optimization strategy made while completing corrective
action requirements. New strategies will include a detailed description of the modified
strategy and an implementation schedule. If no changes are made to the optimization
strategy, the City must justify the rationale for not making changes.

With the subsequent Annual Report, the City would then need to prepare an engineering report or
technical memorandum outlining the proposed approach for reducing the annual effluent load
below the action level (unless Ecology has already approved a design document with a proposed
solution). The engineering document must include:

1. A brief summary of alternatives considered and why the chosen alternative was selected.
Alternatives analysis should include cost estimates for operation and maintenance;

Basic design information, including influent characterization;

A description of the proposed treatment approach and operation, including updates to the
WWTP’s process flow diagram;

4. Anticipated results from the proposed approach, including expected effluent quality; and

5. Certification by a licensed professional engineer.

If the City were to exceed the action level 2 years in a row, or for a third year during the permit
term, it would be required to begin reducing nitrogen loads by implementing the proposed
approach outlined in the engineering document. Updates to the WWTP Operation and
Maintenance Manual would need to be submitted within 6 months following implementation.

Nutrient Reduction Evaluation

Treatment plants also will be required to conduct a Nutrient Reduction Evaluation (NRE) during the
first permit cycle, which will build on the NOP. However, if the City maintains an annual average
TIN concentration below 10 milligrams per liter (mg/L), it may submit a truncated NRE. If the City
maintains an annual average below 10 mg/L and a seasonal (October through April) average below
3 mg/L, it will not have to submit an NRE. The NRE is due by December 31, 2025.

The NRE must include an analysis of AKART alternatives capable of reducing TIN. The analysis must
select an alternative that has the greatest potential for TIN reduction and is reasonably feasible to
implement. Main stream treatment plant upgrades, applicability of side stream treatment
opportunities, alternative effluent management options, viability of satellite treatment, and
nutrient reduction options that could lower final effluent TIN concentration below 3 mg/L must be
assessed. The analysis must be sufficiently complete that an engineering report may be developed
for the preferred AKART alternative and the preferred alternatives to reach 3 mg/L TIN seasonally,
without substantial alterations of concept or basic considerations. The final report must contain
appropriate requirements as described in Ecology’s Criteria for Sewage Works Design (Orange
Book) (2019) and Reclaimed Water Facilities Manual: The Purple Book (2019).

The NRE analysis must include the following:

1. Wastewater Characterization — Current flow rates, growth trends, and influent/effluent
quality.
2. Treatment Technology Analysis
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a. Description of current treatment processes, including any modifications made for
optimization or due to corrective actions.

b. Description of site limitations, constraints, or other treatment implementation
challenges that exist.

c. Identification and screening of potential treatment technologies for meeting two
different levels of treatment: AKART for nitrogen removal (annual basis); and 3 mg/L TIN
(or equivalent load) as a seasonal average (April through October).

3. Economic Evaluation

a. Develop capital, operation, and maintenance costs and 20-year net present value using
the real discount rate for each technology alternative evaluated.

b. Provide cost per pound of nitrogen removed.

c. Provide details on basis for current wastewater utility rate structure, including how
utilities allocate and recover costs from customers, how frequently rate structures are
reviewed, the last time rates were adjusted, and the reason for adjustment.

d. Provide impact to current rate structure for each alternative assessed.
4. Environmental Justice Review

a. Evaluate the demographics within the sewer service area to identify communities of
color, Tribes, indigenous communities, and low income populations.

b. ldentify areas within the service area that exceed the median household income.

c. Include an affordability assessment to identify how much overburdened communities
can afford to pay for the wastewater utility.

d. Propose alternative rate structures or measures that can be taken to prevent adverse
effects of rate increases on populations with economic hardship.

e. Provide information on how recreational and commercial opportunities may be
improved for communities as a result of the treatment improvements identified.

5. Select the most reasonable treatment alternative based on the AKART assessment and the
alternative for achieving an effluent concentration of 3 mg/L TIN (or equivalent load
reduction) based on an April through October seasonal average.

6. Provide viable implementation timelines that include funding, design, and construction for
meeting both the AKART and seasonal average 3 mg/L TIN preferred alternatives.

Monitoring Requirements

The PSNGP will create additional monitoring requirements for the City. These requirements do not
replace any requirements stipulated in the City’s NPDES Permit. The City will need to comply with
both permits separately. Recorded monitoring data should be submitted monthly on the electronic
DMR form to be provided by Ecology within the Water Quality Permitting Portal. The City may use
the same sample for the NPDES Permit and the PSNGP, but it must still prepare two separate
monthly DMR submittals (one for each permit). A summary of the anticipated monitoring
requirements under the PSNGP and a comparison to the City’s NPDES Permit can be found in
Tables 3-3 and 3-4.
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Table 3-3. Comparison of City NPDES Permit and PSNGP Monitoring Requirements for
WWTP Influent

Parameter Units_ a_nd Minimum Sampling Minimum Sampling Sample Type
Speciation = Frequency (NPDES) Frequency (PSNGP)

CBODs mg/L 5/week 1/week 24-hour composite

Total Ammonia mg/L as N 1/week 24-hour composite

Nitrate plus Nitrate mg/L as N 1/week 24-hour composite

Total Kjeldal Nitrogen mg/L as N 1/week 24-hour composite

Green shading indicates the more stringent of the two permit requirements

Table 3-4. Comparison of City NPDES Permit and PSNGP Monitoring Requirements for

WWTP Effluent
Minimum Minimum
Parameter Unlts_ and Sampling Sampling Sample Type
Speciation Frequency Frequency
(NPDES) (PSNGP)
Flow MGD Continuous Continuous Metered/recorded
Total Monthly Flow MG 1/month Metered/recorded
24-hour
CBODs mg/L 5/week 1/week composite
. 24-hour
Total Organic Carbon mg/L 1/week composite
. 24-hour
Total Ammonia mg/L as N Quarterly 1/week composite
. . 24-hour
Nitrate plus Nitrate mg/L as N Quarterly 1/week composite
. . 24-hour
Total Kjeldal Nitrogen mg/L as N Quarterly 1/week composite
-(r.ﬁﬁ; Inorganic Nitrogen mg/L as N 1/week Calculated
TIN ppd 1/week Calculated
Average Monthly TIN Ibs 1/month Calculated
Annual TIN, year to date Ibs 1/month Calculated

Green shading indicates the more stringent of the two permit requirements

The City must submit monthly monitoring data using Ecology’s WQWebDMR program by the
15% day of the following month. Any pollutant monitoring data collected more frequently than the
permit stipulates must be used in calculations and submitted in the DMR.

Annual reports will be due by March 31°t of the following year and will be submitted using
Ecology’s Water Quality Permitting Portal. The report will include a description of the status of the
permit requirements, attachments, including summaries, descriptions, and reports, and other
applicable information. Additionally, the annual report must answer the questions listed in
Appendix D of the PSNGP.

After 12 months of monitoring, the City may request a reduction in sampling frequency from
Ecology if it can demonstrate that the distribution of concentrations can be accurately represented
with a lower frequency.
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Additional Requirements

The City must retain records of monitoring information or documentation pertaining to permit
requirements for a minimum of 5 years following termination of permit coverage. If the City is
unable to comply with the conditions of the permit, it must notify Ecology within 24 hours and
submit a written report to Ecology via the WQWebPortal within 5 days describing the
noncompliance event and duration, and how steps will be taken to correct it. The City must keep
the following documentation onsite or within reasonable access to the site: permit coverage letter,
PSNGP, DMRs, and attachments to the Annual Report and Nitrogen Optimization Plan.

3.2 REGULATIONS FOR BIOSOLIDS

Chapter 173-308 WAC is the basis for the state-wide biosolids management program. Facilities that
are subject to the permit program apply for coverage under the existing state-wide general permit.
The state biosolids program regulates facilities that produce, treat, or land apply sewage sludge or
biosolids for beneficial use. The City is covered under the general permit, but the program does not
regulate the City’s current solids handling method of incineration. As discussed in subsequent
chapters, the City intends to decommission its existing incineration system. Until a new solids
handing system is constructed capable of meeting the requirements of Chapter 173-308 WAC for
land application, the City will dispose of dewatered sludge via landfill.

Biosolids quality is measured using three parameters: pathogen reduction, vector attraction
reduction, and pollutant concentration. Pathogen reduction uses accepted treatment processes or
requires measurement of pathogen concentration to determine compliance. To receive
classification as Class B biosolids, a two-log (99-percent) reduction of pathogens/indicator
organisms is required, with additional site management/access restrictions being required if the
biosolids are applied to the land. To receive classification as Class A biosolids, biosolids must go
through a more rigorous process called a Process to Further Reduce Pathogens. This reduces
pathogens below detectable limits. Operators must test all Class A biosolids for pathogens and
indicator organisms.

Vector attraction is related to odor control, and can be thought of as the appeal that the biosolids
present to organisms (e.g., flies) that may transmit pathogens, if pathogens were present in the
biosolids. Reduction of vector attraction can be achieved through lime stabilization, reducing
volatile solids content, or physical mixing processes.

Pollutant concentration refers to the pollutant limits established in WAC 173-308-160. This sets a
ceiling concentration limit for each pollutant, meaning the maximum allowable concentration in
biosolids. It also lists the pollutant concentration limit, which is lower than the ceiling limit.
Biosolids with pollutants above the pollutant concentration limit are subject to cumulative loading
limits on application sites.

The City’s existing solids handling system is discussed in Chapter 5. Proposed solids handling
improvements are discussed in Chapters 7 and 8.
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3.3 REGULATIONS FOR AIR EMISSIONS

Puget Sound Clean Air Agency (PSCAA) has jurisdiction over air emissions from the existing facility.
The most significant air emissions requirements for the existing facility are posed by the sewage
sludge incinerator. Other more minor points of emission within the WWTP are also regulated.
PSCAA was consulted during the analysis for this Plan and the recommendations for compliance
with applicable air quality requirements for the improvements proposed in this Plan are outlined in
Chapter 9.

3.4 PLANNING REQUIREMENTS AND OTHER CONSIDERATIONS

The existing facility is located within the City limits, which is a small, annexed portion of City of
Lynnwood jurisdiction that is otherwise surrounded by the City of Edmonds. The facility is situated
towards the bottom of a ravine that contains steep slopes and a regulated watercourse, Outfall
Creek. The facility is adjacent to Puget Sound, which is regulated as a Shoreline of the State, and
both a state and federally regulated waterbody. Improvements to and/or expansion of the existing
facility may require coordination with the following agencies/stakeholders.

e City of Lynnwood
e City of Edmonds
e Washington Department of Fish and Wildlife
e Ecology
e Washington State Department of Archaeology and Historic Preservation
e Washington State Department of Natural Resources (DNR)
e US Army Corps of Engineers
e National Marine Fisheries Service and US Fish and Wildlife Service
e Tulalip Tribes and the Muckleshoot Indian Tribe
Exhibit C-2 Existing Site Overview in Appendix C provides the jurisdictional information and known

geohazards and biological resources for the existing WWTP. The detailed evaluation of the
permitting requirements associated with any future improvements are described in Chapter 9.
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A detailed analysis of flow and loading is crucial to the planning efforts of a sewer service provider.
This Wastewater Treatment Plant (WWTP) Facility Plan (Plan) analyzes current flow and load to
determine if the existing WWTP, can provide adequate service to its existing customers. The
projected flow and load analysis is used to identify if the WWTP capacity is sufficient for future
conditions. This chapter provides a high-level comparison of flow and loading to the existing WWTP
design criteria as listed in the City of Lynnwood’s (City) National Pollutant Discharge Elimination
System (NPDES) Permit issued by the Washington State Department of Ecology (Ecology).

Chapter 5 includes an analysis of unit process capacities based on the flow and loading developed
in this chapter.

Several different flow and load scenarios were analyzed in this chapter, including the following:
e Annual average day (AA) — The daily average of flow and loading values in a single year.

e Maximum month average day (MM) — The daily average of flow and loading values during
the maximum month.

e Maximum week average day (MW) — The daily average of flow and loading values during
the maximum week.

e Maximum (or peak) day (MD) — The flow and load values during the maximum day of each
year.

e Peak hour flow (PHF) — The flow (load not analyzed at peak hour) during the peak hour of
each year.

In this Plan, the 5-day biochemical oxygen demand (BOD:s) is used to estimate organic loading, total
suspended solids (TSS) is used for solids loading, and total Kjeldahl nitrogen (TKN) is used for
nitrogen loading. TKN includes organic and ammonia nitrogen, which are typically the largest
components of influent total nitrogen.

4.1 HISTORICAL FLOW AND LOADING

4.1.1 Historical Flow
Chart 4-1 graphically displays the measured daily WWTP flow values from 2015 to 2020.
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CHAPTER 4 CITY OF LYNNWOOD WWTP FACILITY PLAN

Chart 4-1 - Lynnwood WWTP Daily Flow Values (2015-2020)
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As shown in the chart, the normal flow trend for the WWTP shows an increase in average flow
during the wet weather period of October through April followed by dry weather flows from May
through September. Wet weather flow events that are significantly above the normal flow trend
occur approximately 10 to 20 days out of the year.

The historical WWTP flows are summarized in Table 4-1.

Table 4-1. Historical WWTP Flow Summary (2015-2020)

AA Flow Max. Month
per Average Flow Percent of Flow
Sewer Sewer AA Capita MM  per Capita per NPDES MM/AA
System System Flow per Day Flow Day Permit Max.  Peaking
Pop. Employees | (MGD) (ppcd) (MGD) (ppcd) Month Limit Factor
2015 39,900 29,233 4.17 105 5.91 148 80% 1.42
2016 40,108 29,233 4.47 112 6.22 155 84% 1.39
2017 40,483 29,233 4.60 114 6.24 154 84% 1.36
2018 41,060 29,233 4.32 105 6.14 150 83% 1.42
2019 42,093 29,233 4.04 96 5.01 119 68% 1.24
2020 42,093 29,233 4.20 100 5.98 142 81% 1.42
2015 to 2019 Average 4.32 106 5.90 145 - 1.37

1. 2020 values are not included in the historical average due to the COVID pandemic.

2. Flow values are shown exactly as reported in the City’s DMRs.

3. Projected population, employee, and flow values were calculated by BHC (Tech Memo dated November 10, 2020).
Significant secondary treatment system improvements will be needed to meet the regulatory
requirements for nitrogen reduction discussed in Chapter 3 with the proposed seasonal average
limit of 3 milligrams per liter (mg/L) from April 15t through October 315, The flow and loading in this
period, as well as other parameters, will be critical to the analysis of secondary treatment
improvements for nitrogen removal. Chart 4-2 shows the historical individual daily WWTP flow
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CITY OF LYNNWOOD WWTP FACILITY PLAN WASTEWATER FLOW AND LOADING

values on a year over year basis for comparison to the proposed seasonal Total Inorganic Nitrogen
(TIN) limit period.

Chart 4-2 - WWTP Daily Flow Values (2015-2020)
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As is evident in the chart, the months of April and October pose potentially higher flows, driven by
wet weather events, then the remainder of the proposed seasonal TIN limit. Also included are the
approximate current baseline flows during the proposed seasonal TIN limit, as well as annual
average, maximum month, and maximum week conditions.

Maximum day flows over 14 million gallons per day (MGD) have occurred infrequently as shown in
the chart. Historical peak flow events are further analyzed in the following section

HISTORICAL PEAK FLOW ANALYSES

The WWTP experiences high peak flow events during periods of heavy precipitation due to high
infiltration and inflow (I/1) in the collection system. Table 4-2 tabulates the highest WWTP flow
events, at various intervals from peak hour to peak week, for each year from 2016 to 2020.
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CHAPTER 4 CITY OF LYNNWOOD WWTP FACILITY PLAN

Table 4-2. Lynnwood WWTP Peak Flow Events (2016-2020)
1-hr Flow 3-hr Flow 6-hr Flow 12-hr Flow 1-day Flow 2-day Flow 7-day Flow

(MGD) (MGD) (MGD) (MGD) (MGD) (MGD)
>15 MGD >12 MGD >10 MGD >10 MGD >8 MGD >8 MGD >8 MGD
Date MGD | Date MGD | Date MGD Date MGD | Date Flow | Date Flow | Date Flow

2016

1/21 179 | 1/21 176 | 1/21 171 ] 1/21 162 | 1/22 140 1/23 118 1/28 9.0
2017

3/18 151 | 3/18 148 | 3/18 144 | 3/18 132 | 2/16 119 | 2/17 103 | - -
2018

- - |- - | 415 105 4/15 100 | 4/15 9.8 | 4/16 89 | - -
2019

12/21 189 | 12/21 18.6 | 12/21 181 | 12/21 173 [12/21 16.6 | 12/22 13.5 | 12/26 8.2
2020

2/5 196 | 2/5 191 | 2/5 184 | 2/6 168 | 2/6 162 | 2/7 140 2/12 9.3

Note: If minimum peak flow threshold is not exceeded (i.e. >15 MGD for peak hour), no value is reported for that year (i.e. year 2018).

During wet weather events, the WWTP has witnessed peak hour flow events of approximately

20 MGD and experienced sustained peaks above 18 MGD for up to 6 hours. The peak flow events in
2018 and 2019 produced a WWTP peak hour flow of approximately 19 to 20 MGD. Further, this
peak was maintained for approximately 3 hours before gradually declining. This may be indicative
of inherent physical limits of the collection system to receive or pass flows substantially above

20 MGD. For the purposes of planning preliminary treatment improvements and other processes
that are primarily sized for peak hydraulic events, this chapter conservatively projects future peak
hour flows in excess of 20 MGD.

HISTORICAL WWTP DIURNAL CURVE

To perform analyses of secondary treatment systems in subsequent chapters, the typical diurnal
curve for the WWTP must be developed to evaluate the typical intraday flow variations. WWTP
flow is measured continually throughout the day, which allows for daily diurnal flow curves to be
produced. Organic, solids, and nutrient loading is not measured on an intraday basis; therefore, the
diurnal loading for these parameters is generally assumed to occur proportional to flow. Chart 4-3
includes the 2-hour rolling average flow rate for each day in January 2019, and Chart 4-4 includes
the 2-hour rolling average flow rate for each day in August 2020.

4‘4 J:\DATA\LYNN\20-0054\10 REPORTS\LYNNFP_CH4.DOCX (11/30/2022 1:12 PM)
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Chart 4-3 — Lynnwood 2-Hour Rolling Average Flow Curves for Each Day of January 2019
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Extracted from SCADA data on 5-minute intervals and averaged over 2 hours.

Chart 4-4 — Lynnwood 2-Hour Rolling Average Flow Curves for Each Day of August 2020
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Extracted from SCADA data on 5-minute intervals and averaged over 2 hours.

These charts exhibit typically daily 2-hour average flow curves during the wet season and dry
season, respectively. The average daily flow for January 2019 was 4.56 MGD, which is near to the
current maximum month average day flow of 5 MGD. The 2-hour rolling average flow rate peaks at
over 6.5 MGD, as shown in Chart 4-3. This represents a peak diurnal to average day factor of 1.42.

J:\DATA\LYNN\20-0054\10 REPORTS\LYNNFP_CH4.DOCX (11/30/2022 1:12 PM) 4-5 ‘ﬁ 2
g, T




CHAPTER 4 CITY OF LYNNWOOD WWTP FACILITY PLAN

The average daily flow for July 2020 was 3.58 MGD. Chart 4-4 shows the 2-hour rolling average
flow rate peaks at approximately 5 MGD, except for one day in which it peaked near 5.5 MGD. To
characterize the normal condition, the 2-hour rolling average peak of 5 MGD is used. This
represents a peak diurnal to average day factor of 1.39.

To be conservative, a factor of 1.5 is used for planning to estimate the peak diurnal flow and
loading condition compared to the average daily flow and loading.

4.1.2 Historical Organic and Solids Loading

RH2 Engineering, Inc., (RH2) analyzed the past 6 years (2015 through 2020) of data from the City’s
Discharge Monitoring Reports (DMRs) to establish historical loading trends for influent BODs and
TSS. This information, along with residential population and employment values from Chapter 2,
are summarized in Table 4-3 and Table 4-4, respectively. The onset of the COVID-19 pandemic
significantly altered the population’s routines, and as such, the loading data from 2020 is shown for
informational purposes but is not used as a baseline for loading projections in this Plan.

Table 4-3. Historical WWTP Influent BODs Loading Summary

AA BODs BODs
Sewer AA per Capita MM MM  MM/AA

System AABODs  BODs per Day BODs BODs Peaking
Employees (mg/L) (Ib/d) (ppcd) (mg/L) (Ib/d) Factor

2015 39,900 29,233 241 8,188 0.21 283 8,757 1.07
2016 40,108 29,233 241 8,510 0.21 293 9,211 1.08
2017 40,483 29,233 245 8,911 0.22 299 9,694 1.09
2018 41,060 29,233 249 8,632 0.21 296 9,336 1.08
2019 42,093 29,233 279 9,177 0.22 321 9,702 1.06
2020 42,093 29,233 259 8,675 0.21 313 9,630 1.11
2015 to 2019 Average 251 8,684 0.21 298 9,340 1.08

1. 2020 values are not included in the historical average due to the COVID pandemic.
2. Population values established for 2019 also were used for 2020.
3. Employment values established for 2019 also were used for 2015 through 2020.
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Table 4-4. Historical WWTP Influent TSS Loading Summary

AA TSS TSS

Sewer per Capita MM MM  MM/AA

System AATSS AATSS per Day TSS TSS Peaking

Employees (mg/L) (Ib/d) (ppcd) (mg/L) (Ib/d) Factor

2015 39,900 29,233 212 7,175 0.18 249 7,740 1.08
2016 40,108 29,233 206 7,299 0.18 245 7,923 1.09
2017 40,483 29,233 206 7,512 0.19 252 7,958 1.06
2018 41,060 29,233 211 7,288 0.18 249 7,605 1.04
2019 42,093 29,233 227 7,452 0.18 265 7,998 1.07
2020 42,093 29,233 214 7,172 0.17 258 7,952 1.11
2015 to 2019 Average 212 7,345 0.18 252 7,844 1.07

1. 2020 values are not included in the historical average due to the COVID pandemic.

2. Population values established for 2019 also were used for 2020.

3. Employment values established for 2019 also were used for 2015 through 2020.
In the period of 2015 through 2020, the annual average influent BODs and TSS loadings show some
fluctuations from year to year, but the overall trend shows a moderate increase in both BODs and
TSS loading over this period. Further, the tables demonstrate that the maximum month loading
condition is typically around 7 percent above the annual average loading condition for both BODs
and TSS.

The WWTP currently has a permitted influent loading limit of 15,120 pounds per day (lb/d) for both
BODs and TSS per the City's NPDES Permit. This permit also stipulates that the City shall submit a
plan and schedule for continuing to maintain capacity when the loading reaches 85 percent or
more of the permitted loading values for 3 consecutive months. Over the past 6 years, the City has
not exceeded this planning threshold for BODs or TSS.

Chart 4-5 shows the individual daily influent BODs loading to the WWTP from 2015 through 2020.
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CHAPTER 4 CITY OF LYNNWOOD WWTP FACILITY PLAN

Chart 4-5 — Average Monthly Influent BOD Loading (2015-2020)
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As shown in the chart, there is not a predictable seasonal variation in BOD loading. This is expected
for a sewage system serving largely residential customers with recurring periods of I/I. This is of
significance for modeling of future secondary treatment systems in later chapters.

4.1.3 Historical Nitrogen Loading Data

Frequent monitoring of influent nutrients has not historically been required by the City’s NPDES
Permit. However, given the impending Puget Sound Nutrient General Permit (PSNGP) regulations,
the City began more frequent monitoring of influent and effluent nitrogen during 2021.

Average influent nitrogen concentration and loading values during 2021 are shown quarterly in
Table 4-5. Note that influent TKN data was not provided from August 2021 onward.

Table 4-5. Lynnwood WWTP Influent Nitrogen Loading in 2021

Quarter Avg Flow Avg NH3 Avg NO; + NO; Avg TIN  AvgTIN Avg TKN Avg TKN

of 2021 (MGD) (mg/L) (mg/L) (mg/L) (Ib/d) (mg/L) (Ib/d)
Qi1 4.7 16.9 3.1 20.1 779 25.2 971
Q2 3.6 25.0 3.5 28.5 851 36.7 1,094
Q3 3.3 30.9 1.4 32.3 893 41.6 1,181
Q4 4.8 23.8 1.8 25.6 972 N/A N/A

1. NO;is nitrite and NOs is nitrate
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The influent data suggests that nitrogen enters the WWTP primarily in ammonia (NHs) form. TIN,
the sum of ammonia, nitrite, and nitrate forms of nitrogen, mostly consists of ammonia. TKN (the
sum of ammonia and organic nitrogen) consists primarily of ammonia, but the data also suggests
that a significant fraction of organic nitrogen is present in the influent.

The data also demonstrates that influent TKN concentration increases during the dry weather
period, as expected. The average TKN load varies quarterly from 971 to 1,181 Ib/d, but this range of
approximately 20 percent seems high and is likely related to some sampling anomalies due to the
limited amount of TKN sampling that has occurred. It is more likely that TKN variations are
relatively small and proportional to the influent BOD.

The presence of some nitrate in the influent during summer months is evident in the 2021 data set.
This loading is not analyzed in detail in this Plan, as the nitrate levels are not considered excessive
but should be analyzed thoroughly in a future design for any potential impacts to proposed
secondary treatment system improvements.

For reference, average effluent nitrogen concentration and loading values during 2021 are shown
quarterly in Table 4-6.

Table 4-6. Lynnwood WWTP Effluent Nitrogen Loading in 2021

Quarter Avg Flow Avg NH3 Avg NO2 + NO3 Avg TIN Avg TIN Average TIN
of 2021 (MGD) (mg/L) (mg/L) (mg/L) (Ib/d) Reduction (%)

Q1 4.7 20.8 0.4 21.2 804.1 -0.03
Q2 3.6 26.8 1.0 27.8 830.1 0.02
Q3 3.3 21.4 3.6 25.0 691.8 0.23
Q4 4.8 24.2 0.4 24.6 945.5 0.03

The limited influent and effluent TKN data for Quarters 1, 2, and 4 suggests that nitrification does
not reliably occur at the WWTP during the cold weather months. During the warmest portion of the
year, exhibited by Quarter 3, a significant drop in ammonia nitrogen occurs from influent to
effluent. TIN also is reduced on average by 23 percent during this period, suggesting that some
denitrification must occur.

4.2 PROJECTED FLOW AND LOADING

4.2.1 Flow Projections

The City’s 2012 Wastewater Comprehensive Plan Update (referred to as the 2012 General Sewer
Plan (GSP) in this Plan), which was prepared by BHC, provides a method of deriving the annual
average daily flow from population values and service area. This method also was used by BHC as
discussed in the technical memorandum Population and Flow Projections, which was prepared in
November 2020 and is included as Appendix D. Per capita flows of 50 gallons per day (gpd) for
residential population, 31 gpd per employee for commercial and/or industrial employees, and an
average |/l rate of 300 gallons per acre day (gpad) were used in accordance with this methodology
to determine a baseline annual average day flow using the current residential and employee
population estimates and service area (refer to Chapter 2 for a summary of population estimates
and service area).
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CHAPTER 4 CITY OF LYNNWOOD WWTP FACILITY PLAN

The baseline flow values (average day, maximum month, etc.) were compared to the historical data
recorded by the City in DMRs for 2017 through 2019. The average daily flow determined by the
2012 GSP method is about 8.5 percent higher than the average of the historical data. BHC
determined that these numbers represent an appropriately conservative methodology to use for
future flow projections. Likewise, the peaking factors of the 2012 GSP were comparable to
historical values for 2017 through 2019, and BHC recommended to continue using 2012 GSP
peaking factors for flow projections. Peaking factors from the 2012 GSP were used to calculate
flows for the average day of the maximum month, peak day, and peak hour flows. Further detail on
the methodology for baseline flow and its comparison to historical data is discussed in Appendix D.

Projected flow values were calculated using the 2012 GSP per capita and employee rates (50 gpd
per capita for residential, 31 gpd per employee) for the projected 2026, 2030, 2040, and 2050
populations (refer to Chapter 2 for a summary of population projections). The same |/l rate

(300 gpad) also was applied to the projected future sewer service areas. The projected average
day, maximum month, peak day, and peak hour flows, along with residential population and
employee values, are shown in Table 4-7.

Table 4-7. Flow Projections at WWTP

Population and Employment in Sewer Service Area

Existing Projected Projected Projected Projected
(2019) 2026 2030 2040
Population 42,093 49,696 53,951 64,771 74,431
Employees 29,233 32,317 32,257 45,242 49,882

Annual Average Day 4.04 5.19 5.49 6.34 6.97
Maximum Month Average Day 5.01 6.64 7.03 8.12 8.92
Maximum Week Average Day 9.25 8.80 9.31 10.75 11.81
Maximum Day 16.53 15.72 16.64 19.21 21.11
Peak Hour 20.13 22.20 23.50 27.14 29.82

1. Highlighted values exceed the WWTP design criteria as listed in the NPDES permit and noted in Chapter 3.
2. Projected population, employee, and flow values were calculated by BHC (Tech Memo dated November 10, 2020).

4.2.2 Loading Projections

Projected annual average BODs and TSS loadings were estimated using the historical peaking
factors and per capita loading rates. TKN loadings were estimated based on the 6:1 factor for BOD
to TKN. This factor is typical of systems with moderate strength wastewater per Wastewater
Engineering Treatment and Resource Recovery, 5th Edition by Metcalf & Eddy (Metcalf & Eddy)
Table 8-1. Compared to the existing TKN measurements, this factor is conservative and is
recommended for future TKN loading projections. The per capita loading rates are shown in
Table 4-8.
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WASTEWATER FLOW AND LOADING

Table 4-8. WWTP Loading Projections

Per Capita
Peaking Loading
Parameter Factor (Ib/d)
BOD
Annual Average 1.00 0.21
Maximum Month 1.08 0.23
Maximum Week 1.20 0.27

Maximum Day
TSS

1.22

0.33

Annual Average 1.00 0.18
Maximum Month 1.07 0.19
Maximum Week 1.17 0.23
Maximum Day 1.32 0.30
TKN

Annual Average 1.08 0.038
Maximum Month 1.00 0.035

1. Annual average used as basis for peaking factor ratio.

A summary of the loading projections based on the population projections from Chapter 2 and per
capita loading rates in Table 4-8 are summarized in Table 4-9.
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CITY OF LYNNWOOD WWTP FACILITY PLAN

Table 4-9. BODs and TSS Loading Projections at WWTP

Population and Employment in Sewer Service Area

Existing Projected Projected Projected Projected
(2019) 2026 2030 2040 2050
Population 42,093 49,696 53,951 64,771 74,431
Employees 29,233 32,317 32,257 45,242 49,882
Annual Average Day (MGD) 4.04 5.19 5.49 6.34 6.97
Maximum Month Avg. Day (MGD) 5.01 6.64 7.03 8.12 8.92
Maximum Week Average Day (MGD) 9.25 8.80 9.31 10.75 11.81
Maximum Day (MGD) 16.53 15.72 16.64 19.21 21.11
Peak Hour (MGD) 20.13 22.20 23.50 27.14 29.82
Annual Average Day (Ib/d) 9,177 10,500 11,400 13,700 15,700
Concentration (mg/L) 279 243 249 259 270
Maximum Month Average Day (Ib/d) 9,702 11,400 12,400 14,800 17,000
Concentration (mg/L) 321 206 211 219 229
Maximum Week Average Day (Ib/d) 11,500 13,600 14,800 17,700 20,400
Concentration (mg/L) 149 185 191 197 207
Maximum Day (Ib/d) 14,000 16,600 18,000 21,600 24,800
Concentration (mg/L) 102 127 130 135 141
TSS
Annual Average Day (lb/d) 7,452 9,000 9,800 11,700 13,400
Concentration (mg/L) 227 208 214 221 231
Maximum Month Average Day (Ib/d) 7,998 9,700 10,500 12,600 14,400
Concentration (mg/L) 265 175 179 186 194
Maximum Week Average Day (Ib/d) 9,500 11,300 12,200 14,700 16,800
Concentration (mg/L) 123 154 157 164 171
Maximum Day (Ib/d) 12,500 14,800 16,100 19,300 22,200
Concentration (mg/L) 91 113 116 120 126
TKN
Annual Average Day (lIb/d) 1,480 1,740 1,890 2,270 2,610
Concentration (mg/L) 44 40 41 43 45
Maximum Month Average Day (lb/d) 1,570 1,890 2,060 2,460 2,830
Concentration (mg/L) 38 34 35 36 38

1. Highlighted values exceed the WWTP design criteria as listed in the NPDES permit and noted in Chapter 3.
2. Projected population and employees were calculated by BHC (Tech Memo dated November 10, 2020).
3. All projected BOD and TSS loads have been rounded up to the nearest 100 pounds. TKN load values are rounded to the

nearest 10 pounds.

4. All concentrations have been calculated from the flow and load values.

5. A conservative estimate of TKN is provided in this table based on a 6:1 ratio of influent BOD:TKN.

D

-12
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4.3 SUMMARY

The maximum month flow is projected to exceed 85 percent of the design criteria listed in the
NPDES by 2030 and 100 percent of the design criteria by 2040.

The maximum month BODs loading is projected to exceed 85 percent of the design criteria by 2040
and 100 percent of the design criteria by 2050.

If three consecutive months exceed the design criteria, the City is required by permit to begin
planning an upgrade to increase capacity, which will be a significant driver for improvements
discussed in this Plan. These improvements will be evaluated in conjunction with analyses of the
recommended improvements to meet the regulatory requirements identified in Chapter 3 and the
conditions-based needs and any unit process capacity issues identified in Chapter 5.
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5 | EVALUATION OF EXISTING FACILITIES
5.1 INTRODUCTION

This chapter presents an analysis of the existing wastewater treatment plant (WWTP)
infrastructure. Individual WWTP processes were analyzed based on:
e A general conditions assessment, including integrity, age, and useful life; and
e Their capacity to pass or treat the current and projected flow and loading established in
Chapter 4.

Potential deficiencies and necessary improvements are identified in this chapter. Chapter 6 and
Chapter 7 provide a comparative analysis for major improvements with multiple alternatives for
the liquid stream and solids handling systems, respectively. An aerial image of the existing WWTP is
shown in Exhibit C-1 WWTP Aerial and the existing site plan is shown in Exhibit C-2 WWTP Site
Overview in Appendix C.

5.2 EXISTING FACILITIES BACKGROUND

5.2.1 History

The City of Lynnwood’s (City) original WWTP provided primary treatment and consisted of a
sewage grinder and bar screen, a primary clarifier, an outfall to Browns Bay in Puget Sound, a
sludge thickener, an incinerator, an operation building, and an office building. Since then,
numerous expansions and upgrades to the WWTP have been completed. A visual overview of the
current WWTP and a summary of the history are shown on Exhibit C-3 WWTP Improvements
History in Appendix C.

The following is a historical projects list to identify the major additions and changes to the WWTP
through 2012 (refer to the following section for more recent projects). The first project replaced a
majority of the original WWTP except as noted.

1. Sewage Treatment Plant Expansion project (construction completed in 1984), which
included:

a. Plant influent and effluent flow measurement;

Headworks screening and grit removal;

Three rectangular primary clarifiers;

Reuse of the existing circular primary clarifier;

A chlorine (disinfection) chemical system;

A chlorine disinfection contact tank;

Reuse of the existing plant effluent outfall pipe and the addition of a diffuser;

S® o0 oo T

A plant drain lift station;
Primary sludge thickening, including reuse of the existing sludge thickener;

j.  Reuse of the existing incinerator;
k. Standby generator; and
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CHAPTER 5 CITY OF LYNNWOOD WWTP FACILITY PLAN

I. Office building and laboratory.

2. Wastewater Treatment Facility project (constructed in 1989), which included:

3.

4,

a. Plant influent and effluent flow measurement improvements;
b. Circular primary clarifier improvements;

c. Addition of a Main Plant Pump Station (MPPS), three aeration basins, aeration
blowers, and four secondary clarifiers;

Chlorine disinfection contact tank improvements;
Outfall diffuser improvements;

Addition of waste activated sludge (WAS) thickening;
Addition of dewatering;

S@ o+ o0 o

Addition of scum handling;
i. Incineration and ash removal improvements; and
j.  Office building and laboratory improvements.

Lynnwood Wastewater Treatment Plant Improvements project (constructed in 1997), which
included:

a. Headworks screening improvements;
b. Aeration blowers improvements;
c. Primary sludge thickening improvements;
d. WAS thickening improvements; and
e. Addition of scum concentrating.
WWTP Secondary System Standby Generator project (constructed in 2010).

5.2.2 Projects Completed Since Previous Plan

The City’s most recent Wastewater Comprehensive Plan Update was completed in November 2012.
The following is a projects list to identify the major additions and changes to the WWTP since that
plan was completed.

N o vk

Process Blower project (constructed in 2013).

WWTP Energy Conservation Measures project (constructed in 2015), which included:
a. Changes to the primary sludge process; and
b. Dewatering improvements.

WWTF Chlorination and Headworks Screening Upgrades project (constructed in 2016),
which included:

a. Headworks screening improvements; and
b. Chlorine (disinfection) chemical system improvements.
WAS Pump Station Improvements project (constructed in 2016).
WWTF Air Pollution Controls Improvements project (constructed in 2016).
ODS Pump Vault Upgrade project (constructed in 2016).
WWTF Headworks Motor Control Center Replacement project (constructed in 2016).

5-2
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WWTF Activated Sludge System Process Improvements project (constructed in 2017).
. Fluidizing Blower Variable Frequency Drive project (constructed in 2020).
10. WWTP Fuel System Replacement project (constructed in 2020).
11. WWTF Plant Drain Lift Station Variable Frequency Drive Replacement project.
12. Pre-concentration tank mechanism replacement (constructed in 2021).

13. Building No. 1, Building No. 2, and secondary treatment odor control project (constructed in
2021).

14. Rectangular primary clarifier improvements (chain, flight, scum troughs, effluent weirs, and
drive system (Primary Clarifier No. 1 was completed in 2021 and Primary Clarifiers No. 2 and
No. 3 should be completed in 2022).

The following is a list of active projects for major additions and changes at the WWTP that are
currently being designed or constructed.

1. WWTF — West Electrical Service Equipment Replacement project (design).

2. WWTP Aeration Blowers Upgrade project (design).

5.2.3 System Overview

The current WWTP provides treatment of raw wastewater from the City’s collection system and
select areas of the City of Edmond’s collection system prior to discharging treated effluent to Puget
Sound. The WWTP consists of primary treatment, secondary treatment, disinfection, and solids
incineration. The individual liquid stream and solids handling system processes are described in this
chapter. Existing WWTP information is provided on the following figures in Appendix B:

e Existing WWTP Process Schematic

e Existing WWTP Design Criteria

e Existing WWTP Hydraulic Profile
Visual overviews of the existing WWTP and processes are shown on the following figures in
Appendix C:

e Exhibit C-2 Existing Site Overview

e Exhibit C-4 Existing Lower Site Plan.

5.3 HISTORICAL EFFLUENT WATER QUALITY PERFORMANCE

As discussed in Chapter 3, the City’s National Pollutant Discharge Elimination System (NDPES)
Permit identifies effluent limits for WWTP treated effluent water discharged to Browns Bay in
Puget Sound. A review of historical plant effluent water quality relative to the permit effluent limits
is used to evaluate overall WWTP treatment performance. Recorded data in the City’s WWTP daily
monitoring reports (DMRs) for the 6 years of 2015 through 2020 has been reviewed, and the
findings are summarized in this section.
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5.3.1CBOD

Historical plant effluent levels of 5-day carbonaceous biochemical oxygen demand (CBODs) are
shown in the following charts. Chart 5-1 shows measured concentrations in milligrams per liter
(mg/L), and Chart 5-2 shows calculated daily mass in pounds per day (Ib/d). Both charts include the
monthly (30-day) and weekly (7-day) permitted limits.

Chart 5-1 — Historical Plant Effluent CBODs Concentration
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Chart 5-2 - Historical Plant Effluent CBODs Mass Loading
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No exceedances of the monthly effluent CBODs concentration limit were reported in the last
6 years. A single occurrence of weekly effluent CBODs concentration exceedance occurred in
August of 2017.

5.3.2TSS

Historical plant effluent levels of total suspended solids (TSS) are shown in the following charts.
Chart 5-3 shows measured concentrations and Chart 5-4 shows calculated daily mass. Both charts
include the monthly and weekly permitted limits.
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Concentration (mg/L)

Chart 5-3 — Historical Plant Effluent TSS Concentration
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Chart 5-4 — Historical Plant Effluent TSS Mass Loading

9,000

8,000

7,000

6,000

5,000

Load (Ib/d)

4,000

3,000

1,851 Ib/d
2,000

- GH Gh Gh G GD GD G EP ID GO Gb (| G G GG G G G G @ T (| Gh ED ] G D EP(PEP E» d]l @& a

o b bl

1,000 t L \jﬂ
0

ol qu‘ :

1/1/2015 1/1/2016 12/31/2016 12/31/2017 12/31/2018 12/31/2019 12/30/2020
NPDES Permit Average Weekly Limit = e = \PDES Permit Average Monthly Limit

Calculated Mass - Daily Calculated Mass - 30-Day Average

Calculated Mass - 7-Day Average

Exceedances of the monthly effluent TSS concentration limit of 30 mg/L occurred twice in 2017,
once in 2018, twice in 2019, and three times in 2020. Exceedances of the weekly effluent TSS
concentration limit of 45 mg/L occurred in 2 of the months in 2015, once each in 2016 and 2017,
4 of the months in 2018, and 2 of the months in 2020. Infrequent single sample occurrences with
concentrations exceeding 100 mg/L have occurred multiple times in the last 6 years.

5.3.3pH

The reported historical plant effluent pH over the last 6 years has ranged from 6.1 to 7.9, with one
sample outside of this range at 9.8 on January 31, 2019. This outlier sample is assumed to be
erroneous. The average effluent pH over the last 6 years is 6.9. The minimum and maximum
permitted levels are 6.0 and 9.0, respectively.
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CHAPTER 5 CITY OF LYNNWOOD WWTP FACILITY PLAN

5.3.4 Fecal Coliform Bacteria

The reported historical plant effluent fecal coliform bacteria over the last 6 years have ranged from
4 to 140 per 100 milliliters (mL) on a monthly geometric mean basis. Counts have ranged from

12 to 360 per 100 mL on a weekly geometric mean basis. The permitted monthly and weekly limits
are 200 and 400 per 100 mL, respectively.

5.3.5 Total Residual Chlorine

The reported historical plant effluent total chlorine residual average monthly values over the last
6 years have ranged from 6 to 155 micrograms per liter (ug/L). Maximum daily values have ranged
from 40 to 700 pg/L. The permitted monthly average and maximum daily limits are 278 pg/L and
728 ug/L, respectively.

5.3.6 Summary of Evaluation

Effluent permit violations in the last 6 years have primarily been related to TSS exceedances. These
exceedances are generally attributed to periods of decreased settleability of mixed liquor, or
increased mixed liquor suspended solids due to wasting being decreased during outages of the
incinerator. This issue is expected to be remedied with a future solids handling project that would
provide redundancy in solids handling equipment to reduce the likelihood of outages as created by
the incinerator. Additionally, improvements to mixed liquor settleability with future liquid stream
improvements should reduce the likelihood of recurring effluent TSS violations.

5.4 LIQUID STREAM ANALYSES

5.4.1 Preliminary Treatment

OVERVIEW

All raw influent wastewater flows by gravity into WWTP. The piped influent from the City of
Lynnwood is routed down Bertola Road from 76™" Avenue West. The influent pipeline along Bertola
Road is 24-inch diameter. The plant influent also includes raw wastewater flowing by gravity from
three small areas of the City of Edmond’s collection system that are adjacent to the WWTP site and
flow in through separate pipes. Wastewater flow into the headworks also includes in-plant
drainage and secondary clarifier scum that combine with raw influent directly upstream of the
headworks. The headworks provides influent screening and grit removal.

A majority of the manholes and below-grade pipes conveying the raw wastewater into the WWTP
site were installed with the original plant in 1962. The portion of manholes and pipes adjacent to
the headworks has been replaced and modified in 1984 and 1989. In 1989, a Parshall flume was
installed to measure plant influent flow into the headworks, replacing the previous flow
measurement located within the headworks. The headworks concrete structure was constructed in
1984, along with Building No. 1, which encloses the headworks and adjacent rectangular primary
clarifiers. Headworks screening and screenings handling equipment were replaced in 2016. The grit
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removal equipment is from 1989, with exception of the grit classifier, which has since been
replaced in-kind.

Influent flows through a drop structure, pre-chlorination manhole, and Parshall flume before
entering the headworks. An automatic composite sampler is housed in a small structure adjacent to
the headworks and used to sample raw influent. All influent splits into two channels in the
headworks: a primary screening channel and a backup channel, which are each isolated with
manual slide gates. The primary channel houses an automatic mechanical bar screen and
discharges to the grit removal system. The backup channel houses a manually cleaned bar screen
and bypasses the grit removal system.

The grit removal system consists of a circular concrete grit chamber. The grit chamber includes a
paddle drive system with the gearbox centered above the top of the chamber. Settled grit slurry is
extracted from the chamber and discharged to an adjacent grit classifier by an integrated air lift
system. Air is supplied to the system from the aeration basin blowers.

All wastewater discharging from the headworks combines to flow by gravity to the primary
clarifiers.

ASSESSMENT OF RATED CAPACITY OF MAJOR PROCESS UNITS

Existing System Design Criteria

The design criteria for the existing plant influent flow measurement, headworks screening, and
headworks grit removal process components are provided in Table 5-1, Table 5-2, and Table 5-3.

Table 5-1. Design Criteria for Existing Plant Influent Flow Measurement

Parameter Value Units \
Type Parshall Flume
Quantity 1

Size (Throat Width) 30 in
Measurement Range 0.6-26.9 MGD
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Table 5-2. Design Criteria for Existing Headworks Screening
Parameter Value Units
Screening Channels

Split channels,
cast-in-place concrete
Quantity 1 Primary, 1 Backup
Channel Depth (each) 48 in
Primary Channel Screening

Configuration

In-channel mechanical bar
Screen Type

screen
Screen Quantity 1
Screen Bar Spacing 0.25 in
Screen Width 45 in
Screen Height (in Vertical Plane) 48 in
Screen Angle (from Horizontal) 75 degrees
Primary ChanneI/Sc'ree.n Peak Flow Rating ' 13.6  MGD
(Screen with 30% blinding and 6 fps slot velocity)
Backup Channel Screening
Screen Type In-channel bar screen
Screen Quantity 1
Screen Bar Spacing 0.375 in
Screen Width 36 in
Screen Height (in Vertical Plane) 48 in
Screen Angle (from Horizontal) 50 degrees

Primary Channel Screenings Handling System

Washer/compactor with

System Type sluice trough
Sluice Trough Quantity 1
Washer/Compactor Quantity 1
Washer/Compactor Screw Diameter 8 in
System Throughput Capacity 70 ft/hr
Screenings Volume Reduction 60-70 %
Screenings Weight Reduction 60-70 %

fps = feet per second
ft3/hr = cubic feet per hour
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Table 5-3. Design Criteria for Existing Headworks Grit Removal

Parameter
Primary Channel Grit Removal

Value Units

Configuration

Circular, cast-in-place

concrete
Grit Collection Type Vortex
Quantity 1
Diameter 12 ft
Single Basin Peak Flow Rating 12.0 MGD
Grit Extraction Type Air lift

Grit Extraction Air Requirements for Operation

75@7 cfm @ psi

Air Supply Location

Basin Aeration Blowers

Primary Channel Grit Handling Equipment

Type Classifier
Quantity 1
Classifier Surface Area 23 sf

Grit Slurry Capacity 250 gpm
Classifier Angle (from Horizontal) 20 degrees
Screw Diameter 12 in

Grit Conveying Capacity 70 ft/hr

cfm @ psi = cubic feet per at pounds per square inch

Operation

Plant influent is chlorinated and then flows through the Parshall flume. The automatic composite
sampler draws samples of plant influent from the Parshall flume vault.

The primary screening channel includes an automated multi-rake bar screen. The backup channel
includes a passive bar screen. Both the primary channel screen and backup channel screen meet
the state biosolids rule, Chapter 173-308 Washington Administrative Code (WAC), with %-inch
aperture size. The backup channel is normally isolated by a slide gate that is overflowed near

14 million gallons per day (MGD) to avoid overwhelming the primary screen.

Differential water level is calculated from sensors upstream and downstream of the primary screen
and used to initiate automatic cleaning of the screen. Screenings are automatically discharged into
a washer/compactor system that automatically dewaters the screenings and deposits them into an
integrated continuous bagger. The grit removal air lift system automatically extracts settled grit
slurry from the chamber and discharges it to the grit classifier. The grit classifier automatically
dewaters and washes the grit, before discharging into a dumpster housed in the building. Both the
bagged screenings and the grit are periodically hauled out by garbage truck for landfill disposal.

Evaluation

The existing headworks is generally undersized for peak flow conditions. Flows above
approximately 14 MGD bypass the automated screening system and grit removal by flowing
through the backup channel, which includes a passive bypass screen requiring continual operator
attention when in use. WWTP staff have observed estimated instantaneous flows of 20 to 21 MGD
result in nearly overtopping both headworks channels. The bypass of automated screening and grit
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CHAPTER 5 CITY OF LYNNWOOD WWTP FACILITY PLAN

removal for flows above 14 MGD, as well as the near overtopping of channels at flows near 21
MGD, are considered major deficiencies. Further, WWTP staff desire 2-dimensional screening in the
future to increase the screenings capture and decrease fouling of downstream equipment.
However, 2-dimensional screening is too restrictive of the hydraulic capacity in the current
channels.

The existing headworks was not configured for, nor has sufficient space for, redundancy in
automated screening or grit removal. This is considered a major deficiency.

The Parshall flume is not actually used for flow measurement because of gross inaccuracy. The
flume is not properly level and there are insufficient straight lengths of pipe upstream and
downstream of the meter. Accurate flow measurement cannot be provided with open channel flow
measurement at this area due to the significant space constraints that limit the necessary straight
pipe runs. This is considered a major deficiency.

CONDITIONS ASSESSMENT

Plant Influent Conveyance

The plant influent conveyance through Bertola Road is constructed of concrete manholes and
concrete pipe nearing 60 years of age. The exact condition of this infrastructure is unknown. As
part of any WWTP major improvements or collection system improvements in the future, serious
consideration should be given to fully replacing the manholes and pipes due to their age.

The remaining plant influent conveyance to the headworks is constructed of concrete manholes
and structures and ductile iron pipe that are about 30 years of age and are expected to be in
satisfactory condition.

Plant Influent Flow Measurement

The Parshall flume vault and flume visually appear to be in satisfactory condition as to allow for
continued usage until the system can be replaced to alleviate the performance issues previously
noted.

Plant Influent Sampling

The automatic composite sampler is currently in good condition. Based on a typical service life, the
sampler will need to be replaced during the planning period.

Headworks Concrete Structure

The headworks cast-in-place concrete structure is about 35 years of age and is believed to be in
satisfactory condition as to allow for continued usage until the system can be replaced to alleviate
the performance and redundancy issues previously noted.

Primary Channel Screening Equipment

The primary channel screen and screenings handling system are currently in good condition. Based
on a typical service life, all the equipment will need to be replaced during the planning period.
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Primary Channel Grit Equipment

The grit paddle drive and associated equipment is over 30 years of age, which is well beyond a
typical service life and necessitates near-term replacement.

The grit classifier is currently in good condition. Based on a typical service life, the classifier will
need to be replaced during the planning period.

Backup Channel Screen

The backup channel screen is fabricated from 316 stainless steel and is currently in good condition.
WWTP staff should visually inspect it periodically to monitor the condition.

SUMMARY OF MAJOR FINDINGS

Based on the assessments, a brief summary of the major findings and necessary improvements to
the preliminary treatment system is as follows:

1. The influent pipe through Bertola Road is aging and should be evaluated for replacement
where impacted by future improvements.

2. The location of the existing Parshall flume does not allow accurate influent flow
measurement.

3. The existing headworks does not provide sufficient hydraulic capacity for projected peak
flow conditions.

4. The existing headworks is undersized to provide sufficient space for mechanical equipment
redundancy.

5. The mechanical equipment is aging and will require replacement during the planning
period.

5.4.2 Primary Treatment

OVERVIEW

Screened and degritted wastewater from the headworks flows by gravity to the primary clarifiers.
The primary clarifiers provide settling of a portion of the solids and skimming of floating material
(scum, including grease) from the water surface.

There are four primary clarifiers: three rectangular and one circular. The outer concrete structure
of the circular clarifier was constructed as part of the original WWTP in 1962 and then retrofitted
with a circular steel clarifier in 1989. The circular clarifier is enclosed within Building No. 2, which
houses multiple WWTP processes. The rectangular clarifiers were constructed in 1984 and are
enclosed in Building No. 1 with the headworks. The removable covers for the rectangular clarifiers
were replaced in 2015.

The single channel from the headworks splits into two channels with manual slide gates: one to the
rectangular clarifiers and the other to a below-grade pipe to the circular primary clarifier.

Each rectangular clarifier has a chain and flight sludge collector mechanism, a cross screw sludge
collector mechanism, a manual scum metal trough, and multiple metal weir troughs. Primary
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effluent from the weir troughs flows into a common concrete outlet channel. The scum troughs are
connected between each rectangular clarifier and a common discharge pipeline that is routed
below grade to the scum collection basin. Settled solids (primary sludge) are removed by pumping
from the upstream-end sump of each clarifier.

The circular primary clarifier has a clarifier mechanism to collect the primary sludge for removal
through underflow piping. A primary sludge pit and pump are adjacent to the clarifier. The
mechanism also skims scum from the water surface and deposits it in the scum box. A scum
discharge pipeline is routed from the box to the scum collection basin. Primary effluent flows over
the metal weir plate, into the effluent trough, and then into a discharge pipeline that is routed to
the concrete outlet channel at the rectangular primary clarifiers.

Primary effluent from all four clarifiers flows to the MPPS. Refer to 5.4.3 Bypass Overflow
Structure and Primary Effluent for details on the bypassing, flow measurement, and sampling of
primary effluent.

ASSESSMENT OF RATED CAPACITY OF MAJOR PROCESS UNITS

Existing System Design Criteria
The design criteria for the existing primary clarifiers process components are provided in Table 5-4.

Table 5-4. Design Criteria for Existing Primary Clarifiers

Parameter Value Units
Rectangular Primary Clarifiers

Quantity 3
Configuration Rectangular, cast-in-place concrete
Length (each) 105 ft

Width (each) 16 ft

Side Water Depth 8.5 ft

Surface Area (each) 1,680 sf

Volume (each) 0.11 MG

Design Average Surface Overflow Rate (at 7.4 MGD at MM) 1,115 gpd/sf
Design Peak Surface Overflow Rate (at 13.6 MGD) 2,050 gpd/sf
Circular Primary Clarifier

Quantity 1
Configuration Circular, steel
Diameter 45 ft

Side Water Depth 125 ft

Surface Area 1,590 sf

Volume 0.15 MG

Design Average Surface Overflow Rate (at 7.4 MGD at MM) 1,115 gpd/sf
Design Peak Surface Overflow Rate (at 13.6 MGD) 2,050 gpd/sf

MG= million gallons
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Operation

Both slide gates at the split from the headworks common outlet channel are normally open to
allow wastewater flow to all four primary clarifiers. The gates are manually set to balance flow as
much as possible between the clarifiers, but there is no flow monitoring equipment installed. In the
summer when plant influent flows are lower, WWTP staff shut down one clarifier at a time to
visually inspect the condition and perform cleaning and maintenance. This is done annually.

Evaluation

The primary clarifiers were designed for a peak surface overflow rate of 2,050 gallons per day per
square foot (gpd/sf) based on a total peak flow rate of 13.6 MGD into the clarifiers. WWTP staff
have anecdotally noted that the flow to the circular primary clarifier typically appears to be more
than the flow to each of the rectangular clarifiers. Typical design range for primary clarifier surface
overflow rate is 2,000 to 3,000 gpd/sf based on peak design flow per both Wastewater Engineering:
Treatment and Reuse (4™ Edition by Metcalf & Eddy, 2003; referred to in this chapter as Metcalf &
Eddy) and the Washington State Department of Ecology’s (Ecology) Criteria for Sewage Works
Design (commonly known as the Orange Book). Based on the maximum recommended primary
clarifier surface overflow rate of 3,000 gpd/sf, the existing primary clarifiers can provide a
maximum nominal capacity of 20 MGD with 4 primary clarifiers in service. This value is reduced to
approximately 15 MGD with one clarifier out of service. Maximum day flows currently exceed

15 MGD and are projected to exceed 20 MGD by 2050. As such, the four primary clarifiers are
necessary and do not allow for redundancy at maximum day conditions without an expansion or
other means of increasing primary clarifier capacity.

CONDITIONS ASSESSMENT
Rectangular Primary Clarifiers

Structural

The rectangular primary clarifiers cast-in-place concrete structure is about 35 years of age and is
believed to be in satisfactory structural condition. The aluminum Hallsten covers are only about
5 years of age. Therefore, dedicated structural improvements are not warranted during the
planning period to alleviate conditions-based needs.

Mechanical

WWTP staff keep the mechanical components well maintained by performing annual visual
inspections and maintenance. Improvements to the rectangular primary clarifiers are currently
being made (chain, flight, scum troughs, effluent weirs, and drive system) with Primary Clarifier No.
1 completed in 2021 and Primary Clarifiers No. 2 and No. 3 to be completed in 2022. Currently, the
only mechanical components identified for replacement are the two cross screw sludge collector
mechanism drives (one drive operates the mechanism in both Primary Clarifiers No. 1 and No. 2).
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Circular Primary Clarifier

Structural

The outer cast-in-place concrete structure of the circular clarifier is nearly 60 years of age and is
believed to be in satisfactory structural condition. It does not warrant dedicated concrete structure
improvements during the planning period.

The circular steel structure of the clarifier and fiberglass removable covers are about 30 years of
age. They are believed to be in satisfactory structural condition, and improvements during the
planning period to alleviate conditions-based needs are not anticipated.

Mechanical

WWTP staff keep the mechanical components well maintained by performing annual visual
inspections and maintenance. Staff is not aware of any issues with the clarifier mechanism;
however, it is about 30 years of age. Based on a typical service life, the mechanism will need to be
replaced during the planning period.

SUMMARY OF MAJOR FINDINGS

Based on the assessments, a brief summary of the major findings and necessary improvements to
the primary clarifiers is as follows:

1. The primary clarifiers do not provide sufficient capacity to allow for redundancy during
current or future peak flow conditions. If the WWTP remains as configured through the
planning period, additional primary clarifier area or other improvements are necessary.

2. If the primary clarifier mechanisms are to remain in use through the planning period,
budgeting for full replacement of the existing mechanisms is recommended.

5.4.3 Bypass Overflow Structure and Primary Effluent

OVERVIEW

Effluent from the primary clarifiers combines in the Bypass Overflow Structure to flow to the MPPS.
Effluent from the secondary clarifiers flows through a channel parallel to the primary effluent
channel in the Bypass Overflow Structure. Rectangular openings in the shared wall between the
two channels allows a portion of high primary effluent flow to bypass secondary treatment
processes by bypassing the MPPS, which lifts primary effluent to the aeration basins and secondary
clarifiers. Flows above approximately 14 MGD bypass secondary treatment.

The primary effluent common outlet channel was constructed in 1984 as part of the rectangular
clarifiers concrete structure. In 1989, the concrete secondary effluent channel was constructed and
connected to the primary effluent common outlet channel. Construction included cutting two
rectangular openings in the shared concrete wall of the two channels and installing weir plates at
the bottom of each opening. In 1989, primary effluent also was re-routed to the then newly
constructed MPPS and a flow meter was installed.
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Primary effluent that does not overflow into the secondary effluent channel flows to the MPPS. The
electromagnetic flow meter is installed within a vault and used to measure primary effluent flow.
An automatic composite sampler is located at the bypass overflow structure and is used to sample
primary effluent.

ASSESSMENT OF RATED CAPACITY OF MAJOR PROCESS UNITS

Existing System Design Criteria
The design criteria for the existing primary effluent flow measurement are provided in Table 5-5.

Table 5-5. Design Criteria for Existing Primary Effluent Flow Measurement

Parameter Value Units
In-line electromagnetic flow

Type

meter
Quantity 1
Size (body diameter) 20 in
Measurement Maximum (at velocity limit of 10 fps) 14 MGD

Operation

Normally, primary effluent flows are not high enough to overflow into the secondary effluent
channel and are conveyed to the secondary treatment processes. WWTP staff have observed
overflow occurring during events with estimated instantaneous flow of 14 MGD and greater.

Primary effluent flowing to the secondary treatment processes is metered and sampled by an
automatic composite sampler.

To raise pH in the primary effluent, WWTP staff manually add lime to the effluent of the circular
primary clarifier year-round as necessary.
Evaluation

The electromagnetic flow meter is unable to measure some low flows that occur at night and result
in only a partially full pipeline. Improvements to the flow metering are necessary to provide full
flow range measurement of the primary effluent.

CONDITIONS ASSESSMENT

Bypass Overflow Structure

This structure visually appears to be in good condition, and dedicated structural improvements are
not expected during the planning period.

Primary Effluent Flow Measurement

The flow meter vault visually appears to be in good condition and does not warrant any condition
improvements during the planning period.
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The flow meter is currently in good condition. As previously identified, there are performance
issues with the flow meter that necessitate improvements if it is to remain in use through the
planning period.

Primary Effluent Sampling

The automatic composite sampler is currently in good condition. Based on a typical service life, the
sampler will need to be replaced during the planning period.

SUMMARY OF MAJOR FINDINGS

Flows above 14 MGD bypass secondary treatment due to the capacity limitations of the secondary
treatment process. While this functions satisfactorily with the current permit conditions, to meet
future nutrient limits, the secondary treatment system will need to treat all flow as discussed in
Chapter 6. The existing system is not expected to require improvements prior to the major
secondary treatment system upgrade.

5.4.4 Main Plant Pump Station

OVERVIEW

Effluent from the primary clarifiers and return activated sludge (RAS) both flow by gravity to the
MPPS. The MPPS lifts flow up to the secondary treatment system.

The MPPS was constructed in 1989, along with the building that is installed on top of the
below-grade concrete structure of the MPPS. The concrete structure of the MPPS is mostly
rectangular and split into a wet well and dry well. Four pumps are installed in the dry well.
Dedicated suction piping to each pump is routed from the wet well. Dedicated discharge piping is
routed from each pump to a common discharge pipeline that is routed below grade to the aeration
basins.
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ASSESSMENT OF RATED CAPACITY OF MAJOR PROCESS UNITS

Existing System Design Criteria
The design criteria for the existing MPPS are provided in Table 5-6.

Table 5-6. Design Criteria for Existing MPPS
Parameter ‘ Value Units

Wet well/dry well,

Configuration .
cast-in-place concrete

Wet Well

Volume 0.20 MG

Dry Well Pumps

Pump Type Non-clog centrifugal
Pump Quantity 4

Pump Capacity (each) 4,600 @ 48 gpm @ ft TDH
Pump Motor Size (each) 100 hp

Station Pumping Capacity (with 3 pumps running) 19.9 MGD

Station Pumping Capacity (with 4 pumps running) 26.5 MGD

gpm @ ft TDH = gallons per minute at feet of total dynamic head
hp = horsepower

Operation

Primary effluent and RAS flow continuously to the MPPS. Liquid level in the wet well is continuously
measured by an air bubbler system. The liquid level measurement is used to control the pumps on
and off. Normally, the pumps are automatically controlled. Two of the pumps are speed controlled
by variable frequency drives (VFDs), and the other two pumps operate at constant speed. The two
VFD-controlled pumps are used as the leads and operated in parallel. The two constant speed
pumps are used as the first lag and second lag. Floats are installed in the wet well as backup liquid
level measurement and pump control in case the air bubbler system is out of service. Plug valves on
each suction and discharge pipe allows for individual isolation of each pump. A check valve is
installed at the discharge of each pump.

Evaluation

As previously noted, WWTP staff have observed overflow (of primary effluent to secondary
effluent) occurring during peak flow events with estimated instantaneous flows of 14 MGD and
greater. As identified later in 5.4.6 Secondary Clarifiers and RAS, WWTP staff target an average
daily RAS recycle rate of approximately 40 percent of the secondary effluent flow rate. Therefore,
the estimated total peak day flow of the MPPS to secondary treatment is 19.6 MGD. Three pumps
provide a capacity is 19.9 MGD, which is sufficient to meet the peak flow condition to secondary
treatment with one redundant pump. In the future, all flow will require secondary treatment for
nutrient removal. The MPPS has insufficient capacity to pass all flow to secondary treatment.
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Additionally, the MPPS wet well cannot be taken out of service for maintenance because it is the
only means available for receiving the combined primary effluent/RAS.

CONDITIONS ASSESSMENT

MPPS Concrete Structure

The MPPS cast-in-place concrete structure is about 30 years of age and is believed to be in
satisfactory condition. Therefore, dedicated concrete structure improvements are not warranted
during the planning period.

Pumping System

WWTP staff keep the pump and motor components well maintained. When necessary, components
have been replaced, including rebuilds of the pumps and motors. The next rebuild of each pump
and motor will be needed during the planning period.

The liquid level measuring air bubbler system is currently in good condition. Based on a typical
service life and its importance for pumping system operation, the system will need to be replaced
in the near future.

SUMMARY OF MAJOR FINDINGS

The MPPS is not sufficiently sized to provide capacity for primary effluent flow higher than 14 MGD.
While the MPPS functions satisfactorily with the current permit conditions, to meet future nutrient
limits, the MPPS will need to be abandoned or reconfigured to allow all flow to be conveyed to the
secondary treatment system. In the interim, the MPPS is not expected to require improvements
prior to the major secondary treatment system upgrade.

5.4.5 Aeration Basins and Blowers

OVERVIEW

Combined primary effluent/RAS is pumped from the MPPS to the aeration basins. The aeration
basins provide biological treatment via an activated sludge process. There are three aeration basins
with four partition cells each. The aeration basins were constructed in 1989 and have a common
concrete structure. Combined primary effluent/RAS flows split to flow into Cell No. 1 of each
aeration basin. Flow through subsequent cells occurs over the top of the concrete internal walls
separating the cells. Mixed liquor outfalls to a single concrete outlet trough that flows to the
secondary clarifiers.

There is an aeration diffuser system in each cell of the three aeration basins. New aeration diffuser
systems were installed in 2017 consisting of fine bubble, polyurethane panel-style diffusers. Air is
supplied to the system through an above-grade pipeline from the aeration blowers. The pipeline
branches to each aeration basin cell, with electric-actuated butterfly valves controlling air flow to
each cell.
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Three aeration blowers provide low pressure air to the aeration basin diffuser systems, the grit
extraction air lift system at the headworks, and diffusers in the effluent chlorine contact tank.
Three centrifugal aeration blowers were installed in the Blower Building in 1989 (refer to

5.7 Buildings for details on the Blower Building). In 2013, a turbo blower was installed to replace
one of the centrifugal blowers. Each of the two centrifugal blowers has dedicated suction air piping,
whereas the turbo blower draws air directly into its enclosure. The blowers discharge a common
header pipeline that is routed below grade and splits, with one pipe to the aeration basins and one
to the chlorine contact tank and headworks.

ASSESSMENT OF RATED CAPACITY OF MAJOR PROCESS UNITS

Existing System Design Criteria

The design criteria for the existing aeration basins process components are provided in Table 5-7.
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Table 5-7. Design Criteria for Existing Aeration Basins

Parameter Value Units \
Quantity 3
Rectangular, cast-in-place concrete
Configuration divided into cells with fine bubble
strip membrane diffusers
Number of Cells (per Basin) 4
Dimensions (each Basin) 55x31x24 ft(LxWxSWD)
Volume (each Basin) 0.31 MG
Total Volume 0.92 MG
Design Average Solids Retention Time (at 7.4 MGD MMF) 3.7 days
Design Average Mixed Liquor Concentration 3,500 mg/L
Cell No. 1 (each Basin)
Volume 0.02 MG
Diffuser System Design Peak Airflow 33  scfm
Diffuser System Minimum Airflow for Mixing 13  scfm
Cell No. 2 (each Basin)
Volume 0.02 MG
Diffuser System Design Peak Airflow 33  scfm
Diffuser System Minimum Airflow for Mixing 13 scfm
Cell No. 3 (each Basin)
Volume 0.21 MG
Diffuser System Design Peak Airflow 988 scfm
Diffuser System Minimum Airflow for Mixing 141 scfm
Target DO Concentration Range 1-5 mg/L
Cell No. 4 (each Basin)
Volume 0.06 MG
Diffuser System Design Peak Airflow 222 scfm
Diffuser System Minimum Airflow for Mixing 37 scfm
Target DO Concentration Range 1-5 mg/L
Air Requirements
Design Peak Airflow (with 3 Basins in operation) 3,828 scfm
Design Peak Airflow (with 2 Basins in operation) 2,552 scfm
Nominal Pressure 12 psi
Internal Recycle
Configuration | None
Wasting System
Configuration | Secondary Clarifier underflow

scfm = standard cubic feet per minute
psi = pounds per square inch

The design criteria for the existing aeration blowers are provided in Table 5-8.
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Table 5-8. Design Criteria for Existing Aeration Blowers

\ Parameter Value Units
Aeration basin diffusers,
Systems Supplying Air To headworks grit removal, and
chlorine contact tank diffusers

Primary Blower
Blower Type Turbo
Blower Quantity 1
Blower Airflow Nominal Range 1,200- 2,400 scfm
Blower Discharge Pressure Rating 12 psi
Blower Motor Size 150 hp
Backup Blowers
Blower Type Multistage centrifugal
Blower Quantity 2
Blower Capacity (each) 2,500 @ 12 scfm @ psi
Blower Motor Size (each) 200 hp

Operation

All three aeration basins are typically online to provide the necessary biological treatment capacity
during the wet weather period. In the summer, when plant influent flows are lower, WWTP staff
shut down one aeration basin at a time to visually inspect the condition and perform cleaning and
maintenance. This is done annually.

Low pressure air is continually required for the WWTP processes. The turbo blower is the primary
blower and solely used during normal operation. The turbo blower is speed controlled by an
integrated VFD and runs continuously. The two centrifugal blowers are used as backup blowers and
are typically only used during periods of “dirty” power to avoid excessive starts and stops on the
turbo blower. The centrifugal blowers also can be used during maintenance of the turbo blower. If
the air demand is greater than the turbo blower can supply, WWTP staff will temporarily take the
blower offline and use the centrifugal blowers. When using the centrifugal blowers, WWTP staff
will manually set, and adjust as necessary, the suction piping butterfly valves to control air flow.

Air is continuously supplied from the blowers to meet the air demand. Normally, all four aeration
diffuser systems are online when the corresponding aeration basin is online. The electric-actuated
butterfly valves are automatically modulated to vary air flow to each cell. Dissolved oxygen levels
are continuously measured by probes. WWTP staff adjust the dissolved oxygen level setpoints
periodically based on process objectives. The master control system utilizes a modified
most-open-valve control loop to vary blower speed and each electric-actuated butterfly valve
position to maintain header pressure, air flow, and dissolved oxygen (DO) setpoints.

Evaluation

The aeration basins were designed for an average solids retention time of 3.7 days based on a total
maximum month flow rate of 7.4 MGD into the basins with 3 basins online at an average mixed
liguor concentration of 3,500 mg/L. This design has generally produced secondary effluent that
meets the current permit requirements for CBODs and TSS. As discussed in Chapter 6, the current
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design cannot support reliable nitrification and denitrification due to the insufficient design solids
retention time and corresponding secondary treatment tankage size.

Based on historical trends, the single turbo blower is periodically unable to meet the total air
demands of the aeration diffuser systems during the peak diurnal portion of the day. This is
evidenced by the aeration system not being able to meet the required DO setpoints in some cells.
For extended periods of increased aeration demand, one or more centrifugal blowers is necessary.
This requires manually throttling the inlet valve and lacks automatic control. This is undesirable, as
the operators must set the airflow rate high enough to meet peak diurnal demands, and as a result,
over-aerate for a large portion of each day. This is considered a significant deficiency for the
existing secondary treatment process. An ongoing project seeks to replace the existing centrifugal
blowers with an additional turbo blower and two smaller screw blowers. All of the blowers would
be automatically controlled and staged, and operated on VFDs to provide a robust aeration system
for the existing basins with sufficient turndown to achieve energy savings. These improvements are
described further in Chapter 8.

Additionally, removal of the grit extraction air lift system and chlorine contact tank air demands
from the aeration basin system is desirable.

CONDITIONS ASSESSMENT

Aeration Basins Structure

The aeration basins cast-in-place concrete structure is about 30 years of age and is believed to be in
satisfactory condition. Therefore, dedicated concrete structure improvements are not warranted
during the planning period. The metal removable covers at the aeration basins are currently in
good condition.

Aeration Diffuser Systems

The aeration membranes typically are replaced on 5- to 10-year intervals and will necessitate
multiple replacements during the planning period. If the basins were to remain as configured
during the planning period, the existing diffuser piping systems should be satisfactory. However, it
is likely that a future secondary treatment project would substantially reconfigure the aeration
system.

Aeration Blowers System

The centrifugal blowers will be replaced in the near-term as further described in Chapter 8. The
turbo blower is currently in good condition but may reach the end of its service life during the
planning period and should be budgeted for replacement.

WWTP staff have discovered numerous leaks in the blower discharge air piping and aeration basins
air piping. Many have been fixed. WWTP staff should continue to monitor all above-grade air piping
for leaks and have inspections performed for below-grade air piping. Should the aeration basins
and air piping be maintained in their current configuration during the planning period, budgeting
for some refurbishment or replacement of air piping is prudent.
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SUMMARY OF MAJOR FINDINGS

The future requirements for nitrogen reduction will require significant changes to the aeration
basins and associated systems as discussed in Chapter 6 and Chapter 8. It is assumed that any
deficiencies noted in this section based on current conditions and existing capacity will be
alleviated by future improvements to achieve nitrogen reduction. If improvements to achieve
nitrogen reduction are significantly delayed (i.e. greater than 10 years), incremental improvements
to the basins and associated systems may be necessary to rectify deficiencies noted in this chapter.

In the near term, the remaining centrifugal blowers will be replaced with a combination of
automatically controlled screw and turbo blowers in the existing Blower Room. This work is
expected to be complete in 2023.

5.4.6 Secondary Clarifiers and RAS

OVERVIEW

Mixed liquor from the aeration basins flows by gravity to the secondary clarifiers. The clarifiers
provide gravity settling of activated sludge and remove floating scum from the water surface. There
are four rectangular secondary clarifiers. The clarifiers were constructed in 1989 and have a
common concrete structure.

Each secondary clarifier has a dedicated above-grade inlet with a manual slide gate for isolation.
There are four openings in the inlet trough at each clarifier. The clarifiers include chain and flights
sludge collector mechanisms and a cross screw sludge collector mechanism. Secondary effluent
flows by gravity to the disinfection system. Scum is collected and discharged to the headworks.
Settled activated sludge is removed as RAS and WAS from the upstream-end sump of each clarifier.
RAS and WAS both flow by gravity out of the secondary clarifiers. RAS continues by gravity to the
MPPS, while WAS is pumped. The RAS piping for each clarifier is routed to a common pipe with an
in-line pneumatic-actuated knife gate valve upstream of the MPPS.

Secondary effluent flows to the bypass overflow structure. The channel includes a chlorine solution
injection for disinfection. From the bypass overflow structure, secondary effluent flows to the
chlorine contact tank. An electromagnetic flow meter is installed within a vault and used to
measure secondary effluent flow (this flow measurement is used as the plant effluent flow).
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ASSESSMENT OF RATED CAPACITY OF MAJOR PROCESS UNITS

Existing System Design Criteria

The design criteria for the existing secondary clarifiers and effluent process components are
provided in Table 5-9 and Table 5-10.

Table 5-9. Design Criteria for Existing Secondary Clarifiers

Parameter Value Units
Quantity 4
Configuration Rectangular, cast-in-place concrete
Length (each) 120 ft

Width (each) 24 ft

Side Water Depth 14 ft

Surface Area (each) 2,880 sf

Volume (each) 0.30 MG

Design Average Surface Overflow Rate (at 7.4 MGD MMF) 640 gpd/sf
Design Peak Surface Overflow Rate (at 10 MGD) 870 gpd/sf
RAS

Configuration | Gravity flow to MPPS

Table 5-10. Design Criteria for Existing Secondary Effluent/Plant Effluent Flow Measurement

Parameter Value Units \
In-line electromagnetic flow

Type

meter
Quantity 1
Size (body diameter) 30 in
Measurement Maximum (at velocity limit of 10 fps) 32 MGD

Operation

The slide gates at the inlet pipes to the clarifiers are normally open to allow mixed liquor to flow to
all four secondary clarifiers. The gates are manually adjusted to balance the sludge blanket level
between the clarifiers. In the summer when plant influent flows are lower, WWTP staff shut down
one clarifier at a time to visually inspect the condition and perform cleaning and maintenance. This
is done annually.

Manual plug valves at each secondary clarifier’'s combined RAS/WAS pipe are normally open to
allow activated sludge to flow out. WWTP staff can use the valves to assist with flow control.
Primary flow control of RAS flow from each clarifier is performed by setting the manual V-port ball
valve, which is installed at each RAS piping branch. Upstream of the valve is an in-line flow meter to
measure individual RAS flow. The four RAS flow measurements are summed to provide total RAS
flow to the MPPS. WWTP staff target an average daily RAS recycle rate of approximately 40 percent
of the secondary effluent flow rate.

The knife gate valve is normally open to allow RAS to flow to the MPPS. It is an emergency valve
that closes only in the event of power failure and reopens after the standby generators start.
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Scum in the secondary clarifiers is skimmed daily by WWTP staff through manual operation of the
scum troughs.

Evaluation

The four secondary clarifiers provide a total nominal surface area of 11,520 square feet (sf). The
clarifiers were designed for a peak surface overflow rate of 870 gpd/sf based on a total peak
secondary effluent flow rate of 10 MGD with 4 clarifiers online. Typical design peak secondary
clarifier surface overflow rate is 1,000 to 1,600 gpd/sf based on Metcalf & Eddy and 1,200 gpd/sf
per the Orange Book for conventional activated sludge systems. At 1,200 gpd/sf, 4 online clarifiers
could approximately treat over 13.82 MGD, which is in line with the original design intent to have
flows above 14 MGD bypass the secondary treatment system.

At both existing and future conditions, the solids loading rate (SLR) to the secondary clarifiers will
limit the capacity of the secondary treatment system. SLR represents the solids flux across the
clarifiers due to the inlet mixed liquor flow. The solids loading to the clarifiers is limited by the
settleability of the mixed liquor, which is a function of the biological treatment process
configuration. With conventional activated sludge systems, the typical average and peak secondary
clarifier SLR design values are 25 and 40 pounds per day per sf of clarifier area, respectively.
Assuming 4 clarifiers in service and the original design value of 3,500 mg/L for mixed liquor
concentration and 40-percent RAS rate (as a portion of influent), the allowable peak influent flow
to the secondary treatment system would be approximately 11.3 MGD. If the mixed liquor
concentration or RAS rate is reduced, this number could be nominally increased. However, the
settleability of the mixed liquor in the conventional activated sludge system limits the ultimate
capacity of the secondary treatment system. The City has generally maintained compliance with
the existing National Pollutant Discharge Elimination System (NPDES) Permit while bypassing the
secondary treatment system with flows above 14 MGD. However, this will not be allowable if
future permit conditions include stringent effluent nitrogen limits.

CONDITIONS ASSESSMENT
Secondary Clarifiers

Structural

The secondary clarifiers cast-in-place concrete structure is about 30 years of age and appears to be
in satisfactory condition. Therefore, dedicated concrete structure improvements are not warranted
during the planning period.

The older metal removable covers at the secondary clarifiers are currently in good condition. Based
on a typical service life, the covers will need to be replaced during the planning period. However,
the newer aluminum Hallsten covers at the downstream end of the clarifiers will not need to be
replaced during the planning period.
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Mechanical

WWTP staff keep the mechanical components well maintained by performing annual visual
inspections and maintenance. When necessary, components have been replaced. The chain and
flights were replaced in 2020, at which time the drive units were either rebuilt or replaced.
Currently, the only mechanical components identified for replacement the four cross screw sludge
collector mechanisms. All four scum troughs were replaced in 2018 and are in good condition.

RAS System

The air compressor that supplies air to the pneumatic-actuated knife gate valve is currently in good
condition. Based on a typical service life, the air compressor will need to be replaced during the
planning period. As previously identified, there are performance issues with the lack of automation
of RAS flow control. This will be rectified as part of a future secondary treatment project for
nutrient removal.

Secondary Effluent/Plant Effluent Flow Measurement

The flow meter and vault visually appear to be in good condition and do not warrant any near-term
improvements. It is likely this flow meter will be replaced and relocated as part of a future
secondary treatment and disinfection system project.

SUMMARY OF MAJOR FINDINGS

Incremental improvements may be made to the existing secondary clarifiers as part of a future
secondary treatment project to meet nitrogen reduction. However, the clarifiers are likely to be
maintained in their current general configuration and as such, the following major
conditions-based improvements are likely required during the planning period:

1. Replace the older removable covers with aluminum Hallsten covers (to be handled as part
of the WWTP operations and maintenance (O&M) program and budget and recommended
to be performed by 2030).

2. Replace components for all four cross screw sludge collector mechanisms (to be handled as
part of the WWTP O&M program and budget and recommended to be performed by 2026).

5.4.7 Secondary Effluent Disinfection System

OVERVIEW

Secondary effluent is chlorinated at the secondary effluent channel of the bypass overflow
structure and then flows by gravity to the chlorine contact tank. The tank provides contact time for
sufficient disinfection to occur. Effluent is dechlorinated at the downstream end of the tank prior to
the outfall to Puget Sound.

The chlorine disinfection contact tank concrete structure was constructed in 1984. In 1989,
modifications to the tank structure were constructed, along with installation of the air diffuser
systems. The Laboratory and Office Building also was constructed in 1989 on top of a majority of
the tank structure (refer to 5.7 Buildings for details).
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The tank is rectangular and separated into two serpentine-baffled chambers, each with a dedicated
inlet. The inlet pipeline splits to each chamber and can be isolated with a manual butterfly valve.
An automatic composite sampler is located at the tank and used to sample dechlorinated
secondary effluent (final effluent). Final effluent flows into the outfall piping.

An air diffuser system is installed in each chamber of the chlorine contact tank to provide mixing.
Air is supplied from the aeration basin blowers.

ASSESSMENT OF RATED CAPACITY OF MAJOR PROCESS UNITS

Existing System Design Criteria

The design criteria for the existing secondary effluent chlorine contact tank are provided in
Table 5-11.

Table 5-11. Design Criteria for Existing Secondary Effluent Chlorine Disinfection and
Dechlorination

Parameter \
Chlorine Disinfection Contact Tank

Quantity 1
Serpentine-baffled chambers,

cast-in-place concrete with
air diffuser systems

Number of Chambers 2

Value Units \

Configuration

Chamber Serpentine Dimensions (each) 220x4.5 ft(LxW)
Height to Outlet Fixed Weir (each Chamber) 18.21 ft(H)
Design Total Contact Time at 7.4 MGD MMF 53 minutes
Design Total Contact Time at 13.6 MGD Peak Flow 29 minutes
Design Chlorine Dose 4.4 mg/L
Design Chlorine Gas Feed Rate (at Peak Flow) 500 Ib/d

Contact Tank Air Diffuser Systems

Diffusers Type Coarse bubble, rubber disk
Diffuser Systems Quantity (per channel) 1
Diffuser Systems Quantity (total) 2

Diffuser Systems Design Air Requirements (total)
Air Supply Location

100 @ 10 c¢fm @ psi
Basin Aeration Blowers

Operation

Normally only the chamber on the east side of the chlorine disinfection contact tank is used as the
outlet weir opening of the chamber on the west side of the tank is closer to the outfall and does
not provide as much time for mixing of the sodium bisulfate. WWTP staff open the west chamber
when secondary effluent flow reaches approximately 12 MGD. WWTP staff have observed an
estimated instantaneous flow of 20 to 21 MGD results in nearly reaching an emergency overflow
blockout in the effluent trough.
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The aeration diffusers are continually aerated for the online chamber, and operators set a manual
butterfly valve partially open to throttle air flow to the diffusers.

The automatic composite sampler draws samples of plant effluent from the downstream end of the
common outlet trough.

Evaluation

The chlorine contact tank was designed for a total contact time (i.e. both chambers in use) of

53 minutes at a maximum month flow rate of 7.4 MGD into the tank. Typical design ranges for
disinfection contact time based on average design flow is 30 to 120 minutes and 60 to 120 minutes
per Metcalf & Eddy and the Orange Book, respectively. The contact tank design value is well within
the Metcalf & Eddy range but less than the lower end of the Orange Book range. However, the
contact tank design value is based on the maximum month flow rate, which is higher than average
(annual) flow rate; therefore, it results in a shorter contact time. The tank also was designed for a
total contact time of 29 minutes at a peak flow rate of 13.6 MGD into the tank. Typical design
ranges for disinfection contact time based on peak design flow is 15 to 90 minutes and 20 minutes
or greater per Metcalf & Eddy and the Orange Book, respectively. The contact tank design value is
well within the typical design ranges. At the current peak hour flow of approximately 20 MGD,

2 chambers will provide approximately 20 minutes of contact time, which is near the minimum
recommended duration. As evidenced by the historical fecal coliform levels, the system provides
satisfactory disinfection at current flows.

At the minimum recommended contact time of 15 minutes, the existing chlorine contact tank
provides a nominal capacity of 22.7 MGD. Peak hour flows are projected to exceed this level by
2030. Additionally, the chlorine contact chamber effluent trough is likely to overflow near 22 MGD
per operator observations. As such, the maximum capacity of the chlorine contact chamber as
currently configured is likely limited to 22 to 23 MGD, which is insufficient for future peak hour
flows.

Additionally, as discussed in 5.4.8 Chlorination and Dechlorination Systems, the use of the
chemical chlorination system is undesirable for multiple reasons and operators prefer an alternate
approach to disinfection.

CONDITIONS ASSESSMENT

Chlorine Contact Tank Structural

Most of the chlorine disinfection contact tank cast-in-place concrete structure is about 35 years of
age. The structure is believed to be in satisfactory condition. Therefore, significant concrete
structure improvements are not considered necessary during the planning period.

Four access ladders within the tank, two in each chamber, have significant corrosion. It is likely that
the ladders and other internal components will need to be replaced in the near term as part of
normal O&M.
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Air Diffuser Systems

WWTP staff should periodically inspect each air diffuser system when the corresponding chamber
is offline and perform any necessary maintenance and component replacements.

Final Effluent Sampling

The automatic composite sampler is currently in good condition. Based on a typical service life, the
sampler will need to be replaced during the planning period.

SUMMARY OF MAJOR FINDINGS

Based on the assessments, a brief summary of the major findings and necessary improvements to
the chlorine contact tank is as follows:

1. The hydraulic and treatment capacity of the chlorine contact tank will be exceeded during
the planning period, necessitating expansion or replacement of the existing effluent
disinfection system.

2. Replacement of the automatic composite sampler will be necessary during the planning
period and will be completed as part of the normal WWTP O&M program and budget.

5.4.8 Chlorination and Dechlorination Systems

OVERVIEW

Chlorine solution is necessary for multiple processes within the WWTP, including various odor
control systems, plant influent odor control (pre-chlorination), occasional chlorination of RAS flow
to the MPPS, and major usage for secondary effluent disinfection (post-chlorination).

The chlorine chemical system was installed in 1984 in two adjacent rooms in Building No. 2. Prior to
2016, the pre-chlorination and post-chlorination chlorine gas injectors were replaced. In 2016, the
chlorine chemical system was replaced except for the two new chlorine gas injectors and the
Scrubber No. 4 chlorinator and chlorine gas injector.

Chlorine gas is used with an all-vacuum (pressure) system is to ultimately draw the gas by vacuum
into non-potable water streams. The resulting chlorine solution feeds are then conveyed by the
non-potable water stream pressure through pipelines to injection points for the purposes identified
previously. Chlorine gas storage consists of two banks of three 1-ton containers.

Additionally, liquid sodium bisulfate is injected into the effluent trough of the chlorine contact tank
to provide dechlorination of the final effluent.

ASSESSMENT OF RATED CAPACITY OF MAJOR PROCESS UNITS

Existing System Design Criteria

The design criteria for the existing chlorine chemical system components are provided in
Table 5-12.
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Table 5-12. Design Criteria for Existing Chlorination and Dechlorination Chemical Systems
Parameter Value Units

. . . Secondary effluent, plant influent,
Wastewater/Systems Supplying Chlorine Solution To and Odor Control Scrubber No. 4
Chlorine Type Chlorine Gas
Chlorine Gas Storage and Withdrawal
Storage Type 1-ton containers
Storage Bank Quantity 1 Duty, 1 Standby
Containers (per Bank) 3
Vacuum Regulators (per Container) 1
Vacuum Regulator Withdrawal Capacity (per Container) 500 Ib/d
Withdrawal Limit (per Container, in 60 - 70 °F Ambient 400 Ib/d
Room)
Withdrawal Limit per Bank 1,200 Ib/d
Secondary Effluent Chlorine Gas Feed
Chlorinator Quantity 1
Chlorinator Capacity 500 Ib/d
Injector Quantity 1
Injector Capacity 500 Ib/d
Plant Influent Chlorine Gas Feed
Chlorinator Quantity 1
Chlorinator Capacity 100 /b/d
Injector Quantity 1
Injector Capacity 500 Ib/d
Scrubber No. 4 Chlorine Gas Feed
Chlorinator Quantity 1

Dechlorination Chemical System

Chemical Type Liquid Sodium Bisulfite
Storage Type Vertical tank
Storage Quantity 1

Metering Pump Type Peristaltic
Metering Pump Quantity 1

Metering Pump Capacity 4.8 gph
Chlorinator Capacity 100 Ib/d

gph = gallons per hour

Operation

Chlorine solution is continually required for influent odor control, secondary effluent disinfection,
and odor control. Occasionally, chlorine solution is used for chlorinating RAS flow to the MPPS.

Non-potable water flowing through the injectors creates vacuum pressure all the way back to the
1-ton containers, resulting in chlorine gas to be withdrawn from the containers. A vacuum
regulator with drip leg heater is installed at the withdrawal point of each container. The automatic
vacuum switchover valve allows chlorine gas to be withdrawn from one bank of containers (the
online bank) while preventing it from entering the other bank (the standby bank). When the online
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bank of containers near empty, the valve automatically allows chlorine gas to be withdrawn from
the standby bank. WWTP staff manually switch containers delivered from a chemical supplier.

Secondary effluent chlorination automatically controlled to flow pace the chlorine gas feed rate
based on an operator-adjustable chlorine dose setpoint and the flow rate measured at the
secondary effluent flow meter.

Influent chlorination is automatically controlled to provide a fixed chlorine gas feed rate using an
operator-adjustable feed rate setpoint.

The Scrubber No. 4 chlorinator and chlorine gas injector are used exclusively for the chlorine
solution feed to the scrubber. The chlorinator has a dial for manually setting the chlorine gas feed
rate.

If the non-potable water system is out of service, WWTP staff can connect to potable water backup
supply piping to maintain the chlorine solution feeds. If the automatic vacuum switchover valve is
out of service, it can be bypassed for either bank or both banks using manual ball valves at the
chlorine gas piping.

Dechlorination of the disinfected secondary effluent is continually required. There is an oxidation
reduction potential probe installed in the common outlet trough. The dechlorination metering
pump is automatically speed controlled to increase or decrease the liquid sodium bisulfite feed
based on the oxidation reduction potential measurement and the flow rate measured at the
secondary effluent flow meter.

Evaluation

The chlorination and dechlorination systems function satisfactorily and provide sufficient dosing
capacity. However, the systems are aging, and if they are to be maintained for usage through the
planning period, they should likely be upgraded to ensure reliability and improve safety. The
chlorine handling areas include sensors and alarming but do not include air scrubbing equipment in
the event of a leakage.

Handling of chlorine gas is labor-intensive and hazardous. The WWTP relies on external deliveries
of chlorine gas cylinders, which is undesirable due to the risks associated with transporting this
hazardous material. The management of recurring deliveries of chlorine gas is challenged by the
constrained nature of the WWTP. Further, use of chlorine gas requires reliance on external
manufacturing and transport systems over which the City has no control. This presents a potential
risk of failure due to supply chain issues.

The WWTP staff has expressed interest in other effluent disinfection systems to reduce the
handling of chlorine at the WWTP. These options are reviewed further in Chapter 6.
CONDITIONS ASSESSMENT

Chlorine Gas Equipment and Piping

The chlorine gas equipment and piping are currently in satisfactory condition. If this system is
maintained for usage during the planning period, it should be replaced to ensure reliability and
improve safety.
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Dechlorination Chemical System

The dechlorination chemical storage tank and metering pump is currently in good condition. If this
system is maintained for usage during the planning period, it should be replaced based on its
typical service life.

SUMMARY OF MAJOR FINDINGS

For multiple reasons, alternate methods of effluent disinfection should be considered for
implementation at the WWTP.

5.4.9 Plant Effluent Outfall

The original outfall pipe consisted of a corrugated metal pipe, which was replaced in approximately
1998 with a high-density polyethylene (HDPE) pipeline. In approximately 2011, the existing diffuser
was replaced with an HDPE diffuser. The outfall pipe extends approximately 750 linear feet
offshore and terminates with the 240-foot diffuser section with 80 ports.

The design criteria for the existing plant effluent outfall components are provided in Table 5-13.

Table 5-13. Design Criteria for Existing Plant Effluent Outfall
Parameter Value Units ’

Type Outfall pipe with
multiple-port diffuser

Outfall Pipe Material HDPE

Outfall Pipe Inside Diameter 315 in

Outfall Pipe Length 750 linear ft
Diffuser Pipe Material HDPE
Diffuser Pipe Inside Diameter 315 in
Diffuser Pipe Length 240 linear ft
Diffuser Ports Quantity 80

Diffuser Ports Diameter 3-4 in

As a condition of the NPDES Permit, the submerged outfall pipe must be inspected each permit
cycle. The existing outfall pipe and diffuser were inspected with a remotely operated vehicle on
August 16, 2021, and minor necessary repairs were noted in an outfall evaluation report. The
recommended repairs were completed on August 31, 2021 by a diver. No major concerns are noted
with the outfall at this time, and the outfall is expected to continue to function as currently
configured through the planning period with normal operation and maintenance. A detailed
analysis of the hydraulic capacity of the outfall has not been recently performed; anecdotally, the
outfall has hydraulically passed 20 to 21 MGD events without issue. Future peak hour flows are
projected to be higher during the planning period. As previously noted, replacement of the existing
disinfection system will be necessary. As part of a future disinfection system design, the outfall
should be analyzed in detail to evaluate increasing the hydraulic capacity of the system by
enclosing the upstream piping and disinfection system to allow for head pressure and the
corresponding hydraulic capacity of the outfall to increase. In the near term, the outfall functions
satisfactorily and no major deficiencies are required to be rectified.
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5.4.10 Hydraulic Profile

The existing hydraulic profile is shown in Appendix B. The hydraulic profile shows that plant
influent flows by gravity through the headworks to the primary clarifiers. Primary clarifier effluent
flows to the MPPS, where it is lifted approximately 40 feet to the secondary treatment system. The
WWTP is configured in this manner since the existing headworks and primary treatment system
were constructed first, with the secondary treatment system being added later. As discussed, flows
above approximately 14 MGD bypass the MPPS and secondary treatment system, which will not
allow for meeting the future Total Inorganic Nitrogen (TIN) limits discussed in Chapter 6. In
addition to the inability to meet future TIN limits, the hydraulic profile as currently configured is
undesirable for multiple reasons. For one, the current configuration is less energy efficient than
allowing for gravity flow from primary to secondary treatment. Additionally, the reliance on
pumping of primary effluent prompts additional reliability and redundancy considerations that do
not exist if flow proceeds by gravity from primary to secondary treatment. If major improvements
to the WWTP are needed for other objectives, it is desirable to also reconfigure the hydraulic
profile to allow gravity flow from influent through the preliminary, primary, secondary, and
disinfection stages.

5.5 SOLIDS HANDLING SYSTEM ANALYSES

5.5.1 Primary Sludge Conveyance

OVERVIEW

Primary sludge collected from the primary clarifiers is blended with thickened WAS from the
secondary treatment system prior to dewatering.

The air-operated diaphragm primary sludge pumps were installed with the primary clarifiers in
1984. The primary sludge pumps for the three rectangular primary clarifiers are housed in a dry pit
that is integrated into the rectangular clarifiers concrete structure. The primary sludge pump for
the circular primary clarifier is located adjacent to the circular clarifier in Building No. 2. The
primary sludge pumps currently convey primary sludge to a mixing manhole that houses two
submersible pumps and was constructed in 1984. These pumps lift all primary sludge to the
concrete sludge blending tank that was constructed in 1989. In 2014, the primary sludge pump air
compressors were replaced. Previously, primary sludge was attempted to be further thickened by a
gravity thickener prior to blending with WAS. In 2015, the primary sludge gravity thickener and
associated equipment were removed.

ASSESSMENT OF RATED CAPACITY OF MAJOR PROCESS UNITS

Existing System Design Criteria

The design criteria for the existing primary sludge conveyance process components are provided in
Table 5-14.
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Table 5-14. Design Criteria for Existing Primary Sludge Conveyance

\ Parameter Value Units
Primary Sludge Pumps
Pump Type Air-operated diaphragm
Pump Quantity (per Primary Clarifier) 1
Pump Quantity (total) 4
Pump Capacity (each) 50@ 45 gpm @ ft TDH
Air Requirements for Operation (per pump) 35@40 cfm @ psi
Air Supply Equipment Type Compressors
Compressor Quantity 2
Compressor Motor Size (each) 20 hp

Mixing Manhole

. . Wet well, pre-cast concrete
Configuration P

manhole
Manhole Volume 1,000 gallons
Pump Type Submersible
Pump Quantity 2
Pump Capacity (each) 206 @ 30 gpm @ ft TDH
Pump Motor Size (each) 5 hp

(Primary) Sludge Blending Tank

. . Rectangular, cast-in-place
Configuration & P

concrete
Length 10 ft
Width 10 ft
Side Water Depth 145 ft
Volume 10,800 gallons
Mixer Type Vertical shaft with dual impellers
Mixer Quantity 1
Mixer Motor Size 2 hp

Operation

The four primary clarifiers and associated sludge pumps are generally in operation except during
periods of maintenance, when each clarifier can be taken offline sequentially. As previously
mentioned, flow splitting the clarifiers is manually adjusted without the usage of flow monitoring
equipment. The pumping rate for the air-operated diaphragm pumps are also manually set by
adjusting the pulse cycle for each pump.

Evaluation

WWTP operations staff generally check the total solids concentration of the primary clarifier sludge
from each clarifier at least once per week. Over the last 5 years, concentrations have ranged widely
from below 2 percent to over 6 percent. The 5-year average is near 4 percent. Further, the
concentrations can vary significantly between the clarifiers on any one day. As such, it is likely that
the manual flow splitting between the clarifiers cannot adequately allow reliable primary sludge
concentration. If the primary clarifiers are to be maintained for future use, a more accurate
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method of flow splitting would be recommended to ensure reliable thickening of the primary
sludge.

Each primary sludge pump has a flow rate capacity of 50 gallons per minute (gpm). Each mixing
manhole pump has a flow rate capacity of 206 gpm, allowing for full redundancy in the mixing
manhole pumps with four clarifiers online. The primary sludge pumping equipment has sufficient
capacity for the planning period.

CONDITIONS ASSESSMENT

Primary Sludge Pumping System and Mixing Manhole

The primary sludge pumps and dedicated control panels, as well as the mixing manhole pumps and
dedicated control panel, are about 35 years of age, which is well beyond a typical service life.
Should this equipment be continued for use during the planning period, it is recommended to be
replaced to ensure continued reliable operation.

The primary sludge pump air compressors are currently in good condition. Based on a typical
service life, the air compressors will need to be replaced during the planning period.

The concrete manhole is about 35 years of age and is believed to be in satisfactory condition.
Therefore, dedicated manhole improvements are not warranted during the planning period.

Sludge Blending Tank

Structural

The sludge blending tank cast-in-place concrete structure is about 30 years of age and is believed to
be in satisfactory condition. Therefore, dedicated concrete structure improvements are not
warranted during the planning period. Normal maintenance for this structure and the metal covers
may be needed during the planning period, but no major improvements are likely required.

Mechanical

WWTP staff keep the mixer well maintained by performing annual visual inspection and
maintenance. Staff is not aware of any issues with the mixer; however, it is about 30 years of age.
Based on a typical service life, the mixer will need to be replaced during the planning period.

SUMMARY OF MAJOR FINDINGS

The primary sludge system is expected to be decommissioned or largely reconfigured as part of the
future secondary treatment system improvements described in Chapter 6 and Chapter 8.

Minor improvements in the near term may be necessary, although these are expected to be
completed as normal O&M, including:

1. Replace all four primary sludge pumps and the two dedicated control panels;

2. Replace both primary sludge pump air compressors;

3. Replace both mixing manhole pumps and the dedicated control panel;
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4. Replace the removable covers at the sludge blending tank; and
5. Replace the sludge blending tank mixer.

5.5.2 WAS Thickening

OVERVIEW

Settled activated sludge in the secondary clarifiers is removed as RAS and WAS. The WAS is
pumped to a pre-concentration tank, which provides gravity thickening. The thickened WAS (TWAS)
is pumped to combine with primary sludge prior to dewatering.

The pre-concentration tank was constructed in 1989, and its concrete structure is integrated with
the sludge blending tank structure. In 1997, a TWAS pump was installed and miscellaneous
improvements were made to the pre-concentration tank. A WAS pump was first added in 1997 to
control the rate of WAS flow. Prior to this, WAS flow from the RAS system was controlled by a
valve, but the flow control was inadequate. In 2016, the WAS pump was replaced. As previously
identified, the primary sludge gravity thickener and associated equipment were removed in 2015,
which resulted not only in changes to the primary sludge process but also resulted in the current
WAS thickening process. As previously identified in 5.2.1 History, there is an active project for
construction of improvements to the pre-concentration tank.
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ASSESSMENT OF RATED CAPACITY OF MAJOR PROCESS UNITS

Existing System Design Criteria

The design criteria for the existing WAS thickening process components are provided in Table 5-15.

Table 5-15. Design Criteria for Existing WAS Thickening

Parameter Value Units
WAS Pump

Pump Type Rotary lobe

Pump Quantity 1

Pump Solids Concentration Capacity 5 %

Pump Capacity 200 @ 35 gpm @ ft TDH
Pump Motor Size 7.5 hp

Pre-Concentration (TWAS) Tank

Configuration

Rectangular, cast-in-place
concrete with circular sludge

thickener
Length 20 ft
Width 20 ft
Side Water Depth 15 ft
Surface Area 400 sf
Volume 45,000 gallons
Sludge Thickener Diameter 20 ft
Design Surface Overflow Rate (Maximum Month) 864 gpd/sf
Design Solids Loading Rate (Maximum Month) 26 Ib/d/sf
Design Underflow Solids Concentration 15 %

Thickened WAS (TWAS) Pump

Pump Type Progressive cavity
Pump Quantity 1

Pump Capacity 0@ 15 gpm @ psi
Pump Motor Size 3 hp

Operation

Wasting of sludge via the WAS pump from the RAS system generally occurs continuously. WAS
concentration is assumed to be the same as the RAS concentration and is blended from the online
secondary clarifiers. Operations staff verify the total solids concentration for the RAS daily, which
annually varies between 0.35 and 1 percent but is relatively steady from day to day. The WAS rate
is set by the operation staff based on the target solids retention time to be achieved for the
secondary treatment process.

Evaluation

The pre-concentration tank was designed for a surface overflow rate of 864 gpd/sf and a solids

loading rate of 26 pounds per day per square foot (Ib/d/sf). Over the past 5 years, the thickened
WAS concentration has generally ranged from 1.5 to 3.5 percent, with the average being above
2 percent. The pre-concentration tank is intended to maintain a TWAS concentration above

5-39 RHZ
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1.5 percent, which it has generally achieved, although a downward trend in the thickened WAS
concentration over the past 5 years is apparent. However, the pre-concentration tank can likely
continue to achieve its design objective for the current secondary treatment system. Any significant
changes to the secondary treatment system will likely prompt a new WAS thickening system.

CONDITIONS ASSESSMENT

WAS Pumping System

The WAS flow meter is about 25 years of age, which is beyond a typical service life. Although it is
operable, replacement of the meter may be necessary in the near future.

The WAS pump and dedicated control panel (which includes the VFD) are in good condition. Based
on a typical service life, the pump and panel will need to be replaced during the planning period.

Pre-Concentration Tank

Structural

Refer to 5.5.1 Primary Sludge Conveyance for the condition of that part of the structure. The
pre-concentration tank cast-in-place concrete part of the structure is about 30 years of age and is
believed to be in satisfactory condition. Therefore, dedicated concrete structure improvements are
not warranted during the planning period. Normal maintenance for this structure and the metal
covers may be needed during the planning period, but no major improvements are likely required.

Mechanical

The thickener mechanism was replaced and the internals of the tank were refurbished in 2021. No
additional improvements should be necessary during the planning period.

Thickened WAS Pumping System

The TWAS pump is about 25 years of age, which is beyond a typical service life. Although it is
operable, replacement of the pump is necessary in the near future. As previously identified,
increasing the flow rate capacity of the pump should be considered.

SUMMARY OF MAJOR FINDINGS

The WAS thickening system is expected to be decommissioned or largely reconfigured as part of
the future secondary treatment system improvements described in Chapter 6 and Chapter 8.

Minor improvements in the near term may be necessary, although these are expected to be
completed as normal O&M, including:

Replace the WAS flow meter;

Replace the WAS pump and dedicated control panel;

Replace the TWAS pump; and

Replace the TWAS pump VFD.

P wnN R
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5.5.3 Dewatering

OVERVIEW

Primary sludge and TWAS are combined (referred to as thickened sludge in this chapter) and
pumped to the dewatering system prior to incineration.

The thickened sludge feed system was installed in 1989. In 2015, the dewatering system was
entirely replaced, changing to a screw press from the previous centrifuges. The dewatering system
is housed in the Solids Handling Building, which is adjacent to Building No. 2. The thickened sludge
feed system is housed between the circular primary clarifier area of Building No. 2 and the Solids
Handling Building.

ASSESSMENT OF RATED CAPACITY OF MAJOR PROCESS UNITS

Existing System Design Criteria

The design criteria for the existing dewatering process components are provided in Table 5-16.
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Table 5-16. Design Criteria for Existing Dewatering

Parameter Value Units
(Combined) Thickened Sludge Feed

Sludge Grinder Type Inline macerator
Sludge Grinder Quantity 1

Sludge Grinder Motor Size 3 hp

Pump Type Progressive cavity
Pump Quantity 2

Pump Capacity (each) 65 @ 23 gpm @ ft TDH
Pump Motor Size (each) 5 hp

Dewatering System

Screw press with upstream

System Type polymer addition/flocculation
Flocculation Tank Quantity 1

Flocculation Tank Volume 285 gallons
Flocculation Mixer Type Vertical shaft with dual impellers
Flocculation Mixer Quantity 1

Flocculation Mixer Motor Size 1.5 hp

Screw Press Quantity 1

Screw Press Dry Solids Loading Capacity 625 Ib/hr

Screw Press Solids Loading Concentration Capacity 20-25 %

Polymer activation/feed skid with

Polymer System Configuration
neat polymer storage

Neat Polymer Storage Type Totes
Neat Polymer Storage Quantity 2
Neat Polymer Storage Capacity (each) 2,300 /b
Polymer Activation/Feed Skid Quantity 1
Polymer Activation/Feed Skid Neat Polymer Capacity 1,000 /b/d

Dewatered Sludge (Cake) Conveyance Equipment

Shaftless reversing screw

Type conveyor

Quantity 1

Screw Diameter 9 in
Operation

The screw press is generally operated 7 days per week to continuously feed the incinerator. As
discussed in 5.5.5 Incineration System, it is likely that the City will suspend further use of the
incinerator and transition to hauling dewatered sludge offsite. In this configuration, it is likely that
the screw press will maintain continuous operation, but it may be paused periodically depending
on the availability of hauling vehicles.

The WWTP staff target a ratio of two-thirds TWAS and one-third primary sludge for the thickened
sludge to the centrifuge. Based on a TWAS solids concentration of 1.5 percent, a primary sludge
concentration range of 3 to 4 percent, and the flow rate ratio, the resulting thickened sludge solids
concentration range is 2 to 2.4 percent. This operating range falls within the rated inlet
concentration range of the screw press, which is 2 to 2.5 percent.
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Evaluation

The screw press is rated for a dry solids feed of 625 pounds per hour (Ib/hr). At an inlet solids
concentration range of 2.0 to 2.5 percent, the feed flow rate range is 50 to 63 gpm. Each thickened
sludge pump has a flow rate capacity of 65 gpm such that full redundancy in thickened sludge
pumping equipment is available. The screw press has produced dewatered sludge with a solids
concentration range of approximately 16 to 28 percent, with the average generally being near

21 percent over the last 5 years. Further, the average dewatered sludge concentration appears to
have been dropping in recent years.

The neat polymer storage weight scales are not measuring accurately. Improvements to replace
and potentially upgrade both scales are necessary in the near future.

CONDITIONS ASSESSMENT

Thickened Sludge Feed System

The thickened sludge grinder, two pumps and corresponding VFDs, and flow meter are about
30 years of age, which is well beyond a typical service life. Although the equipment is operable,
improvements to replace these components are necessary in the near future.

Dewatering System

The dewatering system equipment is currently in good condition. Based on a typical service life, all
the equipment will need to be replaced during the planning period.

Dewatered Sludge Conveyor

The dewatered sludge shaftless reversing screw conveyor is currently in good condition. Based on a
typical service life, the conveyor will need to be replaced during the planning period.

SUMMARY OF MAJOR FINDINGS

Based on the assessments, a brief summary of the major findings and necessary improvements to
the dewatering system is as follows:

1. Replace the thickened sludge feed grinder, pumps (both), VFDs (both), and flow meter
(recommended to be performed by 2026).

2. Replace the dewatering system equipment and dewatered sludge conveyor (recommended
to be performed between 2031 and 2040).

3. Analyze options and design improvements to replace the weight scales to provide accurate
weight measurement of stored neat polymer (recommended to be performed by 2026).

5.5.4 Scum Concentrating

OVERVIEW

Floating material (scum, including grease) is skimmed from the water surfaces of the primary
clarifiers and flows by gravity to the scum collection basin. From the basin, scum is pumped to the
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scum concentrator and then flows by gravity into the concentrated scum hopper. The concentrated
scum is pumped for combining with dewatered sludge and subsequent incineration (refer to
5.5.5 Incineration System for details).

The scum collection basin was constructed in 1989, and its concrete structure is adjacent to the
circular primary clarifier concrete structure in Building No. 2 (refer to 5.7 Buildings for details on
this building). A scum chopper pump was installed along with the collection basin. In 1997, the
scum concentrator, concentrated scum hopper, and a concentrated scum pump were installed.

ASSESSMENT OF RATED CAPACITY OF MAJOR PROCESS UNITS

Existing System Design Criteria

The design criteria for the existing scum concentrating process components are provided in
Table 5-17.

Table 5-17. Design Criteria for Existing Scum Concentrating
Parameter Value Units ’

Scum Collection Basin

Configuration

Rectangular, cast-in-place
concrete

Volume 1,100 gallons

Scum Chopper Pump

Pump Type Centrifugal chopper
Pump Quantity 1

Pump Capacity 60 @ 30 gpm @ ft TDH
Pump Motor Size 5 hp

Scum Concentrator

Configuration

Rectangular, steel tank
with chain-driven scum
collector flights

Decant Tank Hydraulic Capacity

60 gpm

Decant Tank Volume Capacity

1,700 gallons

Concentrated Scum Hopper

Configuration

Inverted conical steel tank
with heater

Volume 500 gallons
Mixer Type Vertical shaft
Mixer Quantity 1
Mixer Motor Size 3 hp

Concentrated Scum Pump

Pump Type Progressive cavity
Pump Quantity 1
Pump Capacity 3@60 gpm @ psi
Pump Motor Size 1.5 hp
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Evaluation

WWTP staff have determined through operation of the process that the scum collection basin,
scum chopper pump, and scum concentrator do not have sufficient capacity. Improvements to this
equipment are necessary to provide sufficient capacity and should include replacement of the
scum hopper and concentrated scum pump.

With grease in the concentrated scum it can impact incinerator operating parameters; WWTP staff
must continue to be careful with the timing and duration of concentrated scum pumping.

CONDITIONS ASSESSMENT

Scum Collection Basin

The scum collection basin cast-in-place concrete structure is about 30 years of age and is believed
to be in good condition. Therefore, dedicated concrete structure improvements are not warranted
during the planning period. As previously identified, there is a capacity issue with the scum
collection basin that necessitates improvements.

Scum Chopper Pumping System

The scum chopper pump was replaced in 2017 and is in good condition. As previously identified,
increasing the flow rate capacity of the pump is necessary.

Scum Concentrator

As previously identified, there is a capacity issue with the concentrator that necessitates
improvements.

Structural

The steel structure of the concentrator is about 25 years of age and visually appears to be in good
condition. It is not anticipated that the structure warrants improvements during the planning
period; however, WWTP staff should monitor the condition by visual observation.

Mechanical
The chain and flight scum collector mechanism is about 25 years of age, which is beyond a typical
service life. Although it is operable, replacement of the mechanism is necessary in the near future.

Concentrated Scum Hopper

Structural

The steel structure of the concentrated scum hopper is about 25 years of age and, visually, it
appears to be in good condition. It is not anticipated that the structure warrants improvements
during the planning period; however, WWTP staff should monitor the condition by visual
observation.
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Mechanical

The mixer is about 25 years of age, which is beyond a typical service life. Although it is operable,
replacement of the mixer is necessary in the near future.

Concentrated Scum Pumping System

The concentrated scum pump is about 25 years of age, which is beyond a typical service life.
Although it is operable, replacement of the pump is necessary in the near future.

SUMMARY OF MAJOR FINDINGS

Based on the assessments, a brief summary of the major findings and necessary improvements to
scum concentrating is as follows:

1. Analyze options and design improvements to provide more volume capacity for scum
collection (recommended to be performed by 2026).

2. Design improvements to replace the scum concentrator with a larger capacity unit
(recommended to be performed by 2026).

3. Replace the scum chopper pump with a larger flow rate capacity pump (recommended to
occur by 2026).

4. Replace the concentrated scum hopper (recommended to occur by 2026).
5. Replace the concentrated scum pump (recommended to occur by 2026).

5.5.5 Incineration System

OVERVIEW

The City utilizes incineration to handle waste sludge generated from the WWTP. Chavond-Barry
Engineering Corp. (CBE) performed an evaluation of the existing incinerator. A copy of CBE’s report
is included in Appendix E. CBE estimated a maximum theoretical capacity of approximately

620 Ib/hr dry solids feed; however, the realistically achievable capacity for the incinerator as
currently configured is estimated at approximately 527 Ib/hr dry solids based on a dewatered
sludge (cake) solids concentration of 21 percent.

During the drafting of this WWTP Facility Plan (Plan), the City commissioned Murraysmith to
perform an analysis of the costs associated with continuing incineration compared to hauling
dewatered sludge offsite for disposal via landfill. Due to the historically high O&M costs associated
with the incinerator and routine issues with meeting air quality standards, this analysis concluded
that it is more cost effective for the City to suspend incineration and proceed with hauling of
dewatered sludge until a new solids handling system can be constructed. The Murraysmith report
is included in Appendix F. Further, the analysis in Chapter 7 also ruled out incineration as a future
option for solids handling at the WWTP. Given this information, a detailed review of the capacity
and conditions of the existing incineration system is not necessary in this Plan. The incinerator
should be able to maintain operation into 2023, at which time the transition to hauling is expected
to occur. Chapter 7 evaluates the applicable options for new solids handling processes capable of
producing biosolids in accordance with Chapter 173-308 WAC.
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The basic design criteria for the existing incineration system is provided for informational purposes
in Table 5-18.

Table 5-18. Basic Design Criteria for Existing Incineration System

\ Parameter Value Units
Dewatered Sludge (Cake) Feed (with Concentrated Scum)
Pump Type Progressive cavity with suction hopper
Pump Quantity 2
Pump Capacity (each) 5.1@ 186 gpm @ psi
Pump Motor Size (each) 7.5 hp
Incinerator
Type Fluidized bed with hot windbox
Quantity 1
Diameter 9.5 ft
Dry Solids Capacity (Estimated) 527 Ib/hr
Fluidizing Air Blower Type Centrifugal
Fluidizing Air Blower Quantity 1
Fluidizing Air Blower Rating 1,900 @ 5.5 scfm @ psi
Fluidizing Air Blower Motor Size 100 hp

5.6 ANCILLARY SYSTEM ANALYSES

5.6.1 Plant Drain Lift Station

The Plant Drain Lift Station is located near Building No. 2 and serves to collect and pump building
and process drainage from the lower site to the MPPS. The design criteria for the existing Plant
Drain Lift Station are provided in Table 5-19.

Table 5-19. Design Criteria for Existing Plant Drain Lift Station

Parameter Value Units
. . Wet well, pre-cast concrete
Configuration
manhole
Manhole Volume 2,300 gallons
Pump Type Submersible
Pump Quantity 2
Pump Capacity (each) 630 @ 70 gpm @ ft TDH
Pump Motor Size (each) 25 hp

It is likely that the Plant Drain Lift Station would be replaced or repurposed as part of any
significant change to the solids handling system. There are currently no known critical conditions-
or capacity-driven needs that must be addressed for the Plant Drain Lift Station in the near term.

5.6.2 Non-Potable Water

The existing non-potable water system is assumed to be reconfigured or replaced as part of future
significant WWTP upgrades and, for this reason, a detailed analysis of the existing system is not
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provided in this Plan. In the interim, any repairs or upgrades are assumed to be incidental to
normal WWTP O&M.

5.6.3 Odor Control

The existing odor control system is assumed to be reconfigured or replaced as part of future
significant WWTP upgrades and, for this reason, a detailed analysis of the existing system is not
provided in this Plan. In the interim, any repairs or upgrades are assumed to be incidental to
normal WWTP O&M.

5.7 BUILDINGS

Refer to Exhibit C-4 Existing Lower Site Plan in Appendix C for building locations.

5.7.1 Buildings No. 1 and No. 2

Building No. 1 consists of a pre-engineered steel building enclosing the headworks and rectangular
primary clarifiers. It was recently refurbished in 2021. Building No. 2 consists of a pre-engineered
steel building enclosing the incinerator and associated equipment, circular primary clarifier, gravity
thickener, chlorine gas system, non-potable water system, and other items. It was recently
refurbished in 2020. As noted in 5.4 Liquid Stream Analyses and 5.5 Solids Handling System
Analyses, the objective of future nitrogen reduction and the need for a new solids handling system
will require either a significant reconfiguration or removal of these buildings, as analyzed further in
Chapter 6 and Chapter 8. As such, no detailed structural analysis is provided for these buildings as
they are currently in satisfactory condition and can remain as-is for the near term.

5.7.2 Solids Handling Building (No. 3)

The Solids Handling Building was constructed in 1988 to house centrifuge equipment. The building
is constructed of cast-in-place concrete walls. The roof consists of poured concrete over corrugated
steel deck pan and steel joists. As noted in 5.5 Solids Handling System Analyses, and as will be
further described in Chapter 6 and Chapter 8, a significant change to the solids handling system will
be necessary during the planning period. It is likely that this building will be reconfigured or
demolished as part of that work. As such, no major improvements are necessary to the building
and it is in satisfactory condition for the near term.

5.7.3 Control Building (No. 4)

The Control Building was built above the existing chlorine contact tank in 1988. The building is
constructed of exterior concrete masonry unit walls and interior steel stud walls. The roof is
supported by steel joists and steel deck with rigid insulation and roofing above. The Control
Building is believed to be in satisfactory condition and is expected to only require normal
maintenance during the planning period.
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5.7.4 MPPS Building (No. 5)

As noted in 5.4 Liquid Stream Analyses, the objective of future nitrogen reduction will require
either a significant reconfiguration or change to the primary and secondary treatment systems. This
includes the MPPS, which lifts primary effluent to the secondary treatment system. No detailed
structural analysis of the MPPS Building is performed as part of this Plan, as the building is expected
to be removed or substantially changed during future improvements. This building is currently in
satisfactory condition and can remain as-is for the near term.

5.7.5 Blower Building (No. 6)

The Blower Building was constructed in 1988 as part of the addition for secondary treatment to the
WWTP. The building is constructed of cast-in-place concrete walls and roof. It is in satisfactory
condition and no major improvements to this structure are expected during the planning period.

5.7.6 Generator Building (No. 7)

The Generator Building was constructed in approximately 2010 and is in satisfactory condition. No
major improvements to this structure are expected during the planning period.

5.8 ELECTRICAL AND CONTROL SYSTEM ANALYSES

The existing WWTP has two electrical utility services: the electrical service located in Building No. 2,
and the electrical service entrance located outside the Blower Building.

The electrical service equipment in Building No. 2 was installed circa 1984 and generally serves the
preliminary and primary treatment systems, solids handling, effluent disinfection, and ancillary
processes. The electrical service equipment includes a pad-mount transformer provided by
Snohomish County PUD (SNOPUD), an outdoor current transformer enclosure, and a 1,600 Amp (A)
main distribution switchboard located inside Building No. 2. Incorporated into the switchboard is
an automatic transfer switch (ATS) which is connected to a 800 Kilowatt (kW) standby generator.
The standby generator was installed in 1999 and is located inside Building No. 2. An underground
fuel tank supplies diesel fuel to both the generator and the incinerator. This electrical service and
distribution equipment along with the ATS are original and has exceeded its intended life. The City
has experienced numerous problems with the ATS. According to the City, this generator has
limited hours of usage and is in good working condition. However, this generator is over twenty
years old and is nearing the end of its intended life. Future improvements will dictate the size of
future standby generators at the WWTP, so replacement of this generator is likely as the WWTP is
improved.

The electrical service equipment located outside the Blower Building was installed circa 2010 and
generally serves the secondary treatment system and MPPS. The electrical service equipment
includes a pad-mount transformer provided by SNOPUD, an outdoor current transformer
enclosure, an outdoor 2,500A switchboard including digital metering and surge protection, two (2)
1,200A ATS’ operating in parallel fed by 1,200A feeder circuit breakers in the switchboard, and two
(2) outdoor switchboards (SWBD-1 and SWBD-2). This equipment is in the beginning to middle
stages of its intended life. Replacement is not recommended unless it is required to serve future
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improvements. An 800 kW standby generator is installed in the Generator Building, near the
electrical equipment outside the Blower Building and is sized to provide standby power for the
MPPS, Blower building and secondary clarifiers. This generator has a dedicated above ground
diesel fuel tank located east of the generator building.

A detailed analysis of the electrical system downstream of the electrical service and standby power
equipment is not provided in this Plan, as the significant WWTP improvements necessary to rectify
other needs identified in the Plan are likely to completely reconfigure or replace the WWTP
electrical systems. These improvements shall be designed to replace or refurbish the aging motor
control and other electrical equipment at the two service locations as further discussed in Chapter
8.

The WWTP control system consists of several control panels located throughout the WWTP that
communicate via a fiber optic control network. A Supervisory Control and Data Acquisition
(SCADA) computer system allows for overall monitoring and control of the WWTP processes. Large
monitors are located in the WWTP control room which provide operators the ability to monitor and
control the operation of the WWTP.

The overall WWTP control system was upgraded in 2011/2012. The upgrades to the control panel
hardware throughout the plant were limited as only programmable logic controllers (PLC’s) and
fiber optic network hardware was replaced. The previous control panel enclosures, power supply
equipment, terminal blocks, relays, wiring, and overcurrent protection devices from the original
installation remain. This has limited the ability to add new inputs and outputs (I/0) to the existing
control panels and has reduced the reliability of the control panels since several of the older
components are obsolete. The PLC’s are now approximately ten (10) years old but are older
generation PLC’s that utilize obsolete software. As the significant WWTP improvements are
completed, replacement of these control panels is recommended with the exception of the
Aeration Control Panel. The Aeration Control Panel is located on the second floor of the blower
building and was upgraded with a new modern PLC and control panel components in 2018.

The SCADA computer system was completely installed as new at the time of the upgrade. The
SCADA computer system is using software that is still relevant and the overall computer system and
network has been well maintained by both the City and SCADA consultants. Continued
maintenance and updates are recommended for this system.

5.9 WWTP SITE CONSIDERATIONS

5.9.1 Constraints and Considerations

An expansion of the WWTP will be necessary to meet the needs identified in this chapter and
previous chapters. However, the existing site exhibits many factors that will impact or constrain
such an expansion.

The two most restrictive constraints on future expansion are:

e The necessity to maintain existing WWTP operation during construction of new
improvements; and

e The physical constraints of the site that limit the developable area for new processes.
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Figure 5-1 shows the approximate footprint of the only significant undeveloped area on the City
property that could be used for expansion of WWTP processes while maintaining operation of the
existing WWTP.

Figure 5-1 — Approximate Footprint Available for Expansion Based on Preliminary Site
Grading Analysis

Note: Available footprint likely requires relocation of the existing access road and influent sewer pipe.
Footprint must provide space for new headworks, additional basins, pipe routing, and access.

Additionally, the site prompts the following considerations for any expansion:

e The City owns a limited amount of property around the existing WWTP that can be used for
expansion.

e Qutfall Creek transects the WWTP and will need to be relocated for any significant WWTP
improvements to occur and must consider potential fish passage issues.

e The topography and geological characteristics of the site will impact excavations, grading,
and slope stabilization measures.

e The site access corridor must be maintained throughout any construction project and
configured in a manner that allows larger trucks continual access to existing and future
solids handling facilities.
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e Environmental impacts due to vegetation removal for future WWTP improvements,
sediment and erosion control, and other considerations.

e The proximity to neighbors, which prompts considerations of visual, noise, and other
impacts.

The constrained nature of the site is visually apparent in Exhibit C-1 WWTP Aerial. The City
property ownership and geohazards are mapped on Exhibit C-2 Existing Site Overview. Both
figures are in Appendix C.

5.9.2 Potential Reconfiguration

To meet the potential future regulatory requirements for TIN reduction noted in Chapter 3, and the
future flow and loading projections in Chapter 4, it is apparent that the secondary treatment
system will need to be substantially expanded, as is further discussed in Chapters 6 and 8. The
analyses in this chapter also noted deficiencies for which improvements could have substantial
footprint impacts. Based on these chapters, the four areas of improvements that will significantly
impact the footprint and layout of the WWTP are as follows, listed in order of relative magnitude of
necessary footprint:

1. Secondary treatment system for nitrogen reduction.

2. New solids handling facility to replace the aging incineration system.

3. Additional primary clarifier capacity if the primary treatment is to be maintained.
4. New headworks to increase capacity and add redundancy.

Installing a new headworks in the undeveloped area shown in Figure 5-1 is likely the only viable
location in which a new headworks can be installed on the site while allowing the existing
headworks to remain in service during construction.

A new headworks would only use a portion of the undeveloped area. The remaining area is the only
location on the site that additional secondary tankage can feasibly be constructed. It would
generally be infeasible to add secondary tankage downhill from the existing secondary tankage due
to the 35 feet of elevation difference between the primary and secondary tankage.

Locating the new headworks and additional secondary tankage in the undeveloped area is an
important consideration for phasing of facility improvements as it will require a new solids handling
facility to be constructed within at least a portion of the existing primary clarifier footprint. The
primary clarifiers are the only area that provides sufficient space for construction of a new solids
handling facility while allowing for operation of the existing solids handling system to be
maintained.

This approach to reconfiguring the WWTP entirely removes primary treatment. All influent would
receive preliminary treatment and flow directly to the secondary treatment system. This is
considered desirable as the major treatment objective will be the reduction in TIN. Primary
clarifiers provide 10 percent or less reduction in influent nitrogen at a high footprint cost.
Additionally, primary clarifiers reduce influent carbon, which is undesirable as this carbon is critical
to driving any nitrogen removal process in the secondary treatment system.

5'52 J:\DATA\LYNN\20-0054\10 REPORTS\LYNNFP_CH5.DOCX (5/6/2022 8:24 AM)



CITY OF LYNNWOOD WWTP FACILITY PLAN EVALUATION OF EXISTING FACILITIES

The proposed reconfiguration as described is considered the only viable option for reconfiguring
the WWTP to meet future needs within the constraints of the existing site. This approach also will
facilitate reconfiguration of the existing hydraulic profile to allow flow by gravity through the
preliminary, secondary, and disinfection treatment processes, and to utilize the space available for
improvements while allowing for construction of these improvements to occur while the existing
headworks, MPPS, and primary clarifiers remain in operation. Once the existing headworks,
primary clarifiers, and MPPS are removed, this area can be utilized for the new solids handling
system, as well as potentially some ancillary secondary treatment system improvements. Figure 5-2
provides a schematical footprint layout of the proposed reconfiguration, is used for the basis of
analyses of treatment alternatives in Chapter 6, and is further developed with the recommended
improvements in Chapter 8.

/Control

Figure 5-2 — Possible Reconfiguration of WWTP Based on Site Constraints

Building Space allocation Space allocation
to . for solids handling for ancillary
remain improvements processes
expansion expansion
\ T 7| 2nd Stage
M Aeration
: Basins
Existing
secondary
clarifiers to
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Proposed Reconfigure
headworks site access
1st Stage
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Basins

Note: Liquid stream improvements are hatched in blue and solids handling improvements are hatched
in orange.
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This reconfiguration of the WWTP alleviates the hydraulic profile issues discussed in

5.4.10 Hydraulic Profile. Locating the new headworks uphill from the existing liquid stream
treatment system would allow for gravity flow of influent from preliminary treatment to the
subsequent liquid stream treatment processes.

With any reconfiguration of the WWTP, it is difficult to envision a method to add additional
secondary clarifier area. Space uphill of the existing secondary clarifiers is needed for the new
headworks and aeration basins and, as previously noted, constructing additional secondary tankage
downhill from the existing aeration basins is infeasible. As such, the existing secondary clarifier area
is a limiting factor on the capacity of the WWTP as analyzed in detail in Chapter 6.

5.10 SUMMARY OF MAJOR FINDINGS

Due to the age of the current WWTP infrastructure and the projected growth, there are many
needed improvements to provide reliable treatment through the planning period. The major
findings are summarized as follows based on the conditions- and capacity-based assessment of the
existing WWTP in this chapter.

e Preliminary treatment (complete replacement required)

o This system has significant deficiencies in terms of capacity, condition, reliability, and
redundancy and requires complete replacement.

e Primary treatment (complete abandonment necessary)

o Complete abandonment of this system is recommended. Removal of the primary
clarification is necessary to support the reconfiguration of the site to support nutrient
removal and other improvements.

e Secondary treatment (significant expansion required)

o Significant expansion of the secondary treatment system is necessary to support the
projected growth and meet future nutrient removal requirements.

¢ Solids handling (complete replacement required)

o Suspension of incinerator usage is necessary due to operating costs and air permit
violations. In the interim, continual hauling of dewatered sludge will occur. A new solids
handling facility will be needed to produce biosolids meeting Class B requirements.

o Effluent disinfection (complete replacement required)
o The treatment capacity will be exceeded during the planning period and an alternative
to chlorine gas usage should be pursued for future effluent disinfection.

Chapter 6 will evaluate options for improvements to the liquid stream processes and Chapter 7 will
do the same for the solids handling system.
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6 | EVALUATION OF WWTP LIQUID STREAM
ALTERNATIVES

6.1 INTRODUCTION

The City of Lynnwood’s (City) Wastewater Treatment Plant (WWTP) will require significant
improvements to remedy current deficiencies and meet future treatment objectives for the
planning period. Chapter 3 outlines the future regulatory requirements that will drive
improvements to the WWTP, and Chapter 4 projects flow and loading growth that will prompt
improvements to increase plant capacity. Chapter 5 identifies needs based on the age of the
existing facilities, current capacity limitations, and difficulty maintaining compliance with the
current National Pollutant Discharge Elimination System (NPDES) Permit. This chapter will analyze
the necessary liquid stream treatment improvements; the solids handling improvements are
analyzed in Chapter 7.

The improvements necessary to rectify the conditions- and capacity-based issues will substantially
impact the overall layout of the site and will necessitate complex phased construction to maintain
WWTP operation. Any proposed improvements must also plan to meet the future regulatory
requirements for nitrogen reduction. This is currently assumed to be a target seasonal effluent
Total Inorganic Nitrogen (TIN) limit of 3 milligrams per liter (mg/L) (April through October) based on
the Puget Sound Nutrient General Permit (PSNGP) that was issued during the drafting of this
WWTP Facility Plan (Plan), as noted in Chapter 3.

Therefore, it is prudent to formulate a cohesive strategy for the WWTP improvements. Secondary
treatment improvements are expected to have the largest impact on WWTP layout and footprint,
and as such, the review of treatment alternatives for major processes are analyzed in the following
order:

1. Secondary treatment.

2. Preliminary treatment.

3. Effluent disinfection.

4. Solids handling (Chapter 7).

The configuration of the City’s property and existing processes substantially constrain future
improvements to the site. As outlined in Chapter 5, there is an undeveloped area uphill of the
existing secondary clarifiers that can be used for a new headworks and new aeration basin tankage.
Based on the area available and assuming a side water depth of 24 feet (equal to the existing
basins), the undeveloped area outside of the proposed headworks footprint could potentially
support up to approximately 2 million gallons (MG) of additional aeration basin tankage. The
undeveloped area is shown in Figure 6-1.
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Figure 6-1 — Approximate Footprint Available for Expansion Based on Preliminary Site
Grading Analysis

Note: Available footprint likely requires relocation of the existing access road and influent sewer pipe.
Footprint must provide space for new headworks, additional basins, pipe routing, and access.

The addition of aeration basin volume to the undeveloped area will allow for a rounded total of
slightly less than 3 MG of aeration basin volume at the WWTP. This volume represents the
maximum amount of additional secondary treatment tankage that can be added to this site and is
used as the basis for the analyses in this chapter.

Chapter 5 noted that primary clarifiers will no longer be feasible at this site, nor will any substantial
expansion of the existing secondary clarifiers, due to the constraints of the site and space needs for

other process improvements. This chapter reviews the potential strategies for nitrogen reduction
assuming:

e primary clarification will not be included;
e total aeration basin volume will be limited to less than 3 MG;

e secondary clarifier area will be limited to the four existing secondary clarifiers.
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6.2 FLOW AND LOADING CRITERIA

The existing and projected flow and loading is defined in Chapter 4 and summarized in Table 6-1
for the purposes of evaluating treatment alternatives.

Table 6-1. Project Influent Flow and Loading
Parameter Units 2019 2026 2030 ‘ 2040 2050

Hydraulic Loading

Annual Average Daily Flow MGD 4.04 5.19 5.49 6.34 6.97
Maximum Month Daily Flow MGD 5.01 6.64 7.03 8.12 8.92
Maximum Week Daily Flow MGD 9.30 8.84 9.36 10.81 11.88
Maximum Day Flow MGD 16.53 15.72 16.64 19.21 21.11
Peak Hour Flow MGD 20.13 22.20 23.50 27.14 29.82
BOD Loading

Annual Average Daily BOD Ib/d 9,177 | 10,500 | 11,400 13,700 15,700
Maximum Month Daily BOD Ib/d 9,702 11,400 | 12,400 14,800 17,000
TSS Loading

Annual Average Daily TSS Ib/d 7,452 9,000 9,800 11,700 13,400
Maximum Month Daily TSS Ib/d 7,998 9,700 | 10,500 12,600 14,400
TKN Loading

Annual Average Daily TKN Ib/d 1,480 1,740 1,890 2,270 2,610
Maximum Month Daily TKN Ib/d 1,570 1,890 2,060 2,460 2,830

TKN = Total Kjeldahl nitrogen

6.3 SECONDARY TREATMENT

6.3.1 Background

An analyses of secondary treatment technologies is provided in this section. These analyses start by
reviewing an expansion of the existing conventional activated sludge system to highlight difficulties
created by the space constraints at this site. These analyses will show the need for a more densified
secondary treatment system, for which multiple options will be reviewed. Due to the combination
of challenges, including the site constraints, high wet weather flow events, moderately cold
climate, and stringent potential TIN limit posed for the City, it will be noted that most of the
currently available treatment technologies capable of densifying the treatment process to meet
this combination of challenges are not yet in widespread use and are generally considered
emerging technologies for this specific application. The goal of this analysis is to identify the
alternative that poses the most cost-effective method of maximizing the achievable capacity at the
current WWTP site in conjunction with providing the highest likelihood of success in meeting the
potential future TIN limit.

The current version of the PSNGP permit proposes a potential seasonal effluent TIN concentration
of 3 mg/L. It is understood that continued modeling by the Washington State Department of
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Ecology (Ecology) or other factors may change the structure of the final TIN limit. The analyses of
this chapter compares secondary treatment strategies on the basis of an effluent TIN limit of
3 mg/L.

The PSNGP also requires all permittees to prepare and submit an approvable Nutrient Reduction
Evaluation (NRE) to Ecology by December 31, 2025, which must include an analysis of all known
and reasonable treatment (AKART) methods in accordance with Revised Code of Washington
(RCW) 90.48.010. The PSNGP states that the AKART analysis “shall present an alternative
representing the greatest TIN reduction that is reasonably feasible.” The analyses provided in this
chapter are not intended to serve as a standalone NRE, but instead provide technical analysis to
identify the approach with the highest likelihood of meeting the PSNGP requirements through
known and reasonable methods. It is assumed that this analysis will form the backbone of a future
NRE document.

6.3.2 Conventional Activated Sludge

The existing secondary treatment process at the WWTP consists of aeration basins and clarifiers
designed to reduce the conventional parameters of biochemical oxygen demand (BOD) and total
suspended solids (TSS). The WWTP has a short solids retention time (SRT). The design criteria from
the 1988 secondary treatment project notes a design mixed liquor suspended solids (MLSS)
concentration of 3,500 mg/L with a 3.7-day SRT at the maximum month condition of 7.4 million
gallons per day (MGD). Based on these design parameters, nitrification under current design
loading conditions could not be reliably achieved. A basic schematic of the existing secondary
treatment process is shown in Figure 6-2.

Figure 6-2 — Schematical Representation of a Conventional Secondary Treatment System, Similar
to the Existing Lynnwood WWTP

Aeration Basin

Clarifier

Influent
Effluent

Return Activated Sludge
Note: Figure not to scale

TIN consists of ammonia (NHs), nitrate (NOs~), and nitrite (NO2"). A reduction in TIN requires a
biological treatment process that supports both nitrification and denitrification. Nitrification is the
oxidation of ammonium (NH4") to nitrate, catalyzed by bacteria, and is a key part of global nitrogen
cycling. In the first step of nitrification, chemolithoautotrophic ammonia oxidizing bacteria (AOB)
transform ammonium to nitrite (Equation 1). Nitrite is subsequently oxidized to nitrate by the
nitrite oxidizing bacteria (NOB), as shown in Equation 2.

2NHs" + 302 = 2NO2>~ +4H* + 2H,0 Equation 1
2NO;™ + 02 — 2NOs™ Equation 2
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Nitrate reduction in wastewater systems occurs through assimilation and denitrification. In
assimilatory nitrate reduction, nitrate is reduced to ammonia and assimilated for cell synthesis. In
denitrification, bacteria use nitrate as an electron acceptor in the absence of oxygen to oxidize an
organic or inorganic electron donor. Nitrate is reduced to nitrite, nitric oxide, nitrous oxide, and
nitrogen gas in a four-step process shown in Equation 3.

NOs;™—> NO2” - NO —- N0 —> N; Equation 3

Equation 4, the overall reaction, shows glucose as the electron donor. Most denitrifying bacteria
require a reduced carbon substrate such as glucose, acetate, or methanol. The carbon source as
represented by the chemical oxygen demand of the wastewater is often a limiting factor in
achieving biological nitrogen and phosphorous removal.

CeH1206 + 4.8NO3" + 4.8H* - 6CO: + 2.4N; + 8.4H,0 Equation 4

The rate of denitrification (RDN) is dependent on temperature and dissolved oxygen (DO)
concentration, where K is the temperature correction coefficient, and is commonly assumed to be
1.09 (Equation 5).

Ron(r) = Ron(20) X K(T-20) (1 - DO) Equation 5

Equation 5 shows that the rate of denitrification decreases linearly from 0 to 1 mg/L of DO. At DO
levels of 1 mg/L and above, the rate of denitrification becomes negligible.

A secondary treatment process that provides nitrification can reliably reduce ammonia to less than
0.5 mg/L. However, without denitrification, the ammonia is converted to nitrate, and as such, the
effluent TIN is not significantly reduced. To provide nitrification, the secondary process must
support the growth of nitrifying bacteria, which grow much slower than the heterotrophic bacteria
that reduce BOD. To facilitate a robust nitrifier population, the SRT must be significantly longer
than that required for BOD reduction. Microbial growth decreases with decreasing water
temperature, and as such, the cold weather condition drives the design of biological systems. As an
example of the necessary SRT to support nitrification in the City, Table 6-2 provides Biowin model
results for the existing Lynnwood WWTP operating at the currently permitted maximum month
condition of 7.4 MGD and 15,120 pounds per day (Ib/d) BOD.

Table 6-2. Biowin Results for Existing Lynnwood WWTP at 7.4 MGD and 15,120 |Ib/d BOD

SRT NH; MLSS SLR

(days) | (mg/L) | (mg/L) | (Ib/sf/d)
2.0 | 19.35 | 1950 13.6
3.0 | 19.58 | 2690 18.8
3.7 | 18.76 | 3250 22.8
4.0 | 16.48 | 3440 24.2
6.0 | 1.26 | 4670 32.9
8.0 | 038 | 5700 40.2
10.0 | 0.23 | 6630 46.8
12.0 | 0.18 | 7450 52.6
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The design temperature for the WWTP is 12 degrees Celsius, and the design SRT is 3.7 days. As
shown in the table, appreciable nitrification is not expected at the design condition. A minimum
SRT of 8 days is likely necessary for substantial nitrification to occur as evidenced by the predicted
effluent ammonia level of 0.38 mg/L. However, a longer design SRT would be necessary to allow for
nitrification during the peak diurnal flow condition; it would likely be near 12 days minimum, which
equates to an approximate increase of 300 percent over the current design condition. This
demonstrates the significantly increased SRT necessary to support reliable nitrification.

Table 6-2 also demonstrates that as SRT increases, the MLSS concentration increases, as does the
corresponding solids loading to the secondary clarifiers. For conventional activated sludge, the
typical design criteria for average secondary clarifier solids loading rate (SLR) is 25 pounds per
square foot per day (lb/sf/d). This limits the SRT at the City-permitted maximum month condition
to 4 days. To maintain the necessary SLR with conventional activated sludge, proportionally
expanding secondary treatment relative to SRT is likely required. This equates to adding
approximately 300 percent additional aeration basin volume.

A basic secondary treatment schematic, configured to support nitrification, is shown in Figure 6-3.

Figure 6-3 — Schematical Representation of a Conventional Secondary Treatment System

Expanded for Nitrification
Aeration Basin

|_ T _l Clarifier
Influent I Increa\se|
S in volume Effluent
I |
L |

Return Activated Sludge
Note: Figure not to scale

To provide denitrification, the nitrate produced through nitrification must be returned to an anoxic
zone (devoid of oxygen) to allow for bacteria to convert a significant fraction of the nitrate to
nitrogen gas. The bacteria need carbon to perform this conversion, requiring the anoxic zone to be
located upstream of the aerobic zone, where BOD reduction occurs. The nitrate must be returned
with an internal recycle stream at a high rate of 300 percent to 500 percent of the influent flow
rate. A basic secondary treatment schematic, configured to support nitrification and denitrification,
is shown in Figure 6-4.
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Figure 6-4 — Schematical Representation of a Secondary Treatment System Capable of

Nitrification and Denitrification
Internal Recycle

4 I

Influent Anoxic .
Zone Aerobic Zone ‘ Effluent

Clarifier

Return Activated Sludge
Note: Figure not to scale

The configuration shown represents the Modified Ludzack-Ettinger (MLE) process. This
configuration is proven to reduce TIN, at lowest, to approximately 5 mg/L for normal domestic
wastewater. The analysis shown in Table 6-2 did not account for denitrification, which further
increases the necessary tankage volume, likely in the range of a 400 percent increase over the
existing aeration basin volume, to achieve nitrification and denitrification.

Domestic wastewater typically does not have enough carbon to support enough denitrification to
achieve low TIN limits (less than 5 mg/L) using conventional nitrification/denitrification activated
sludge design configurations. Such limits typically necessitate a post-anoxic zone with supplemental
carbon feed. A basic secondary treatment schematic, configured to support nitrification and
denitrification with TIN limits to 3 mg/L, of a known and available technology that has been utilized
to achieve this level of treatment is shown in Figure 6-5.

Figure 6-5 — Schematical Representation of a Secondary Treatment System Capable of
Nitrification and Denitrification to TIN Limits to 3 mg/L

Internal Recycle Carbon Addition
‘ ! Clarifier
Influent Pre- P
Anoxic Aerated Zone Anoxic |
Zone Zone

Return Activated Sludge

Effluent ——

Note: Figure not to scale

6.3.3 Expansion of Conventional Activated Sludge in Lynnwood

As previous discussed, a total of up to 3 MG of aeration basin tankage may be feasible at the
WWTP, assuming that there are no primary clarifiers and the existing secondary clarifiers remain as
configured and are not expanded. To review expansion of the existing conventional activated
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sludge system to provide nitrogen reduction, an MLE process could be employed with
approximately 3 MG of total basin volume as shown in Figure 6-6.

Figure 6-6 — Schematic of Conventional Secondary Treatment Expansion at Lynnwood
(MLE Process)

Influent Anoxic Aerobic Effluent
¥ =
P _I ‘{ e -
i
Y
i
Y IEl Y
WAS

Note: Approximately 3 MG total aeration basin volume (~1 MG anoxic, ~2 MG aerobic); four secondary
clarifiers (11,520 sf total area)

The settleability of the mixed liquor in the system restrains the capacity of any secondary
treatment system by restricting the allowable SLR to the secondary clarifiers. As noted, the typical
average design criteria for secondary clarifier SLR is 25 Ib/sf/d based on the settling characteristics
of conventional activated sludge. As the MLSS concentration increases, the SLR increases
proportionally. As SRT increases, so does the predicted MLSS concentration due to the extended
time available for microbial growth. As such, SRT is limited indirectly by the settling of the mixed
liquor solids in the clarifiers.

BioWin ties together biological, chemical, and physical models to simulate activated sludge
systems. BioWin and similar software programs are based on a set of mathematical equations and
process state variables that were developed originally by a task group of the International Water
Association. The effect of the SLR limitation is demonstrated with BioWin modeling in Table 6-3 for
the system shown in Figure 6-6. The table estimates the MLSS concentration that can be supported
at various maximum month flow conditions and the corresponding SRT and effluent TIN predicted
by BioWin.

Table 6-3. Initial BioWin Model Results — MLE Configuration with SLR of 25 Ib/sf/d

Year Units 2019 2026 2030 ‘ 2040 ‘ 2050 ‘

Estimation of Maximum MLSS to Achieve Target SLR of 25 Ib/sf/d

Maximum Month Influent Flow Rate MGD 5.01 6.64 7.03 8.12 8.92
RAS Flow Rate MGD 3.8 5.0 5.3 6.1 6.7
Influent + RAS Flow Rate MGD 8.8 11.6 12.3 14.2 15.6
Maximum Allowable MLSS mg/L 3,940 2,980 2,810 2,440 2,220
BioWin Predicted Results

SRT days 10.5 5.0 4.3 3.0 2.3
Effluent Ammonia mg/L 0.9 3.1 5.1 17.2 17.6
Effluent Nitrate mg/L 3.4 0.5 0.2 0.0 0.0
Effluent Nitrite mg/L 0.3 2.4 2.3 0.0 0.0
Effluent TIN mg/L 4.6 6.0 7.6 17.2 17.6

SLR = 25 Ib/sf/d; 12 deg C MLSS temperature | 300% internal recycle:influent | 75% RAS:influent
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Table 6-3 demonstrates that an MLE process with 3 MG of aeration basin tank and 4 existing
secondary clarifiers could provide some TIN reduction at near-term flows, but the SRT must be
significantly reduced at future flows to maintain the maximum MLSS concentration at a level that
provides an SLR at 25 Ib/sf/d. At the projected 2030 condition and beyond, it is unlikely that the
SRT is sufficient to support reliable nitrification. The table demonstrates that the available aeration
basin tankage and the average SLR of 25 Ib/sf/d are the primary limitations for the City to achieve
the nitrogen reduction with conventional activated sludge. A conventional approach is to further
expand aeration basin volume and/or secondary clarifier area to reduce the required MLSS
concentration and SLR. However, such expansion is not feasible per Chapter 5.

Alternatively, the secondary treatment system can be densified to increase capacity; such
processes must be analyzed for the City herein for the purpose of meeting nitrogen reduction
objectives.

6.3.4 Summary of Technologies that Densify Secondary Treatment and
Reduce Nitrogen

There are multiple approaches to secondary treatment densification that generally can be
categorized as follows:

e Alternative physical separation processes in which the activated sludge is separated from
the effluent by a means other than sedimentation in a secondary clarifier.

e Addition of a biofilm component to the secondary treatment system, which increases
microbial population that is fixed in the aeration basins and does not proportionally
increase clarifier SLR.

e Microbial selection processes that facilitate self-assembled dense microbial communities to
significantly increase the settleability of the activated sludge such that an SLR of much
greater than 25 Ib/sf/d can be achieved.

The following sections review a broad range of processes that both densify secondary treatment
and substantially reduce effluent TIN. The best-known of these processes are generally divided into
three categories as follows.

1. Alternate physical separation processes
a. Membrane bioreactor (MBR)
2. Biofilm processes —biomass is grown attached to movable or fixed carriers
a. Standard biofilm processes
i. Fixed bed biofilm reactors
ii. Moving bed biofilm reactors
iii. Biologically active filters (BAF)
iv. Denitrification filters (post-secondary treatment)
b. Integrated biofilm and activated sludge processes
i. Integrated fixed film activated sludge (IFAS)
ii. Membrane aerated biofilm reactor (MABR)
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iii. Mobile organic biofilm (MOB)
3. Microbial selection processes
a. Sequencing batch reactor (SBR)
b. Continuous flow reactor (CFR)

6.3.5 Discussion on Established and Emerging Technologies

During facility planning, it is typical to consider and evaluate well established, readily available, and
cost-effective technologies for secondary treatment improvements. However, the challenging
nature of the existing WWTP site, coupled with the high peak wet weather flows and stringent
proposed TIN limit, makes it likely that the secondary treatment process which will be employed to
meet these challenges will need to be an emerging or developmental technology with limited
comparable full-scale installations. As such, the application of any secondary treatment technology
to meet a TIN limit of 3 mg/L at this site should be considered new or developmental as described
under Section G1-5.4.1 of Ecology’s Criteria for Sewage Works Design. This section states: “Any
new or developmental technology shall be thoroughly tested in a full-scale or representative pilot
installation (or similar installation) before approval can be given. The results of this testing must be
submitted to Ecology”. Based on the results, the Ecology may review and approve plans for
construction of the facility, followed by a provisional approval to operate the facility such as to
demonstrate its efficacy in meeting the permit requirements. Once demonstrated, Ecology can give
the final approval to operate.

The configuration of the Lynnwood WWTP, and the City’s reliance on all basins and clarifiers to
meet current loading conditions, makes a full-scale or representative-scale pilot demonstration of a
developmental secondary treatment technology very difficult to implemental at this facility.
Piloting a developmental technology at a reduced scale could be useful but small scale pilot testing
is not recommended to be relied on solely for planning an upgrade of this magnitude.

Alternatively, a full-scale demonstration at another facility would be necessary to validate such a
technology. An offsite demonstration would need to simulate the particular constraints present at
Lynnwood. Identifying such a facility and scoping of a full-scale demonstration is outside the scope
of this Plan, but City could consider reviewing the potential for such a demonstration prior to
design. The combination of challenges the City faces to meet the proposed TIN limits will be
present for many Puget Sound dischargers and a full-scale demonstrations could be of considerable
value to other dischargers as well.

Since full-scale pilot testing or a demonstration project at another facility is outside of the scope of
the current planning effort, this Plan seeks to analyze the best available information to determine
the technology that poses the highest likelihood of success for the City in the absence of
representative operational data.

6.3.6 Initial Screening Secondary Treatment Densification Technologies

This section provides an initial screening of densified secondary treatment processes that could be
applicable to the City. The goal of this screening is to identify the major primary factor(s) that might
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eliminate a process from further consideration through this initial screening such that the top two
to four processes can be identified for further analyses.

ALTERNATIVE PHYSICAL SEPARATION PROCESS — MBR

MBR is a proven technology, with large MBR installations operating near the City. MBR utilizes
membranes in lieu of sedimentation to separate the biomass from the bulk liquid. Biological
treatment is provided by the suspended activated sludge, and various configurations have been
utilized to provide biological removal of nitrogen and phosphorus. MBRs may reduce WWTP
footprint relative to conventional activated sludge by allowing higher MLSS concentrations as the
secondary clarifier SLR is not applicable for MBRs. However, significant drawbacks to MBRs are:

e High capital cost related to the MBR and ancillary equipment;

e Instances in which the design flux rates across the membranes could not be achieved due to
fouling or other factors, which in turn reduces overall system capacity;

e The membranes required replacement approximately every 10 years, or sooner, in the case
of failure or premature fouling;

e High operational costs related to chemical cleaning, de-sludging, and other procedures
unique to MBRs; and

e High energy usage for pumping of effluent through the membrane.

MBRs have historically utilized hollow fiber or flat sheet polymeric membranes. Recently, ceramic
membranes have entered the MBR market and are being promoted as an improvement over some
of the known deficiencies of polymeric membranes. Currently, there are few such installations with
minimal operating time, and as such, ceramic membranes are not a widely used technology that
can be accurately assessed for consideration as part of this Plan.

Regardless of membrane type or configuration, all flow needs to pass through the secondary
treatment system at the WWTP to meet the future nitrogen limits. As such, an MBR system would
need to be sized to pass the high wet weather flows without bypass to avoid violation of the
proposed nitrogen limits. This would greatly expand the required membrane area, which would
cause the capital costs and operating costs for this technology to rise. MBR is impractical for the
City due to the high life-cycle cost associated with it.

BIOFILM PROCESS — FIXED AND MOVING BED BIOFILM REACTORS

In these processes, liquid is treated as it moves through a reactor filled with either fixed or moving
carriers containing attached biofilm. There are many subcategories for this type of treatment, but
when low TIN must be achieved, a component of suspended growth is typically needed to denitrify
the nitrate formed by the oxidation of ammonia and nitrite in the reactor. In this case, the common
approach is a process that incorporates both biofilm and suspended growth, such as the IFAS
process. IFAS is reviewed later in this chapter as a potentially viable option, but standalone fixed or
moving bed biofilm reactors (MBBR) are not considered applicable for the City.
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BIOFILM PROCESS — BAF

The acronym “BAF” historically meant “biological aerated filters.” Design of Water Resource
Recovery Facilities Manual of Practice 8, Water Environment Federation (WEF MOP 8) uses the
term “biologically active filters” in place of the historical term to incorporate biological filters that
are not continuously aerated, such as those operated anoxically for denitrification. The term BAF is
used herein to mean biologically active filters to cover a broad range of biological filters. There are
a variety of configurations of BAFs used for primary, secondary, and tertiary filtration, including
upflow and downflow reactors, differing filter backwash methods, and various types of media.

In general, BAF systems include biofilm that grows attached to a carrier. Influent passes through
the carriers, which can be configured in multiple stages with different carriers for each stage.
Backwashing is intended to flush captured solids to the solids handling process. Non-backwashing
configurations have been applied in which solids are carried through the normal flow path and
removed in a solids separation system such as sedimentation; these configurations are similar to
MBBR or IFAS.

As stated in Chapter 5, a primary objective of future improvements to the WWTP is to provide flow
by gravity through a new headworks to the subsequent treatment processes. To implement BAF on
the site, the BAF must be constructed in the area allocated for secondary treatment expansion
uphill of the proposed headworks shown in Chapter 5. This would allow the BAF to be constructed
while the existing secondary treatment system remains in service. BAF configurations are
substantially different than the existing CFR configuration of the WWTP. This is likely to significantly
add to the complexity of implementing this process at the City. It is unlikely that BAF can be
implemented in a manner that is as cost effective as other systems that expand upon the existing
CFR configuration; therefore, BAFs are not considered for further evaluation for the Lynnwood
WWTP.

BIOFILM PROCESS — DENITRIFICATION FILTERS

Denitrification filters are a subset of biofilm processes that are not a standalone secondary
treatment process but can be added to the secondary treatment process to aid in TIN reduction. In
this process, nitrified effluent (in which most ammonia has been converted to nitrate) is passed
through a filter bed containing heterotrophic organisms that metabolized nitrate into nitrogen gas
in the anoxic conditions of the filter bed. This typically requires a carbon feed ahead of the filter as
most of the influent carbon has been reduced through the preceding secondary process. To meet
an effluent TIN limit of 3 mg/L, all flow would be required to pass through denitrification filters
after the secondary clarifiers. For this technology to be applied at the City, the secondary treatment
system preceding the filters would need to provide complete nitrification. As such, substantial
improvements and expansion of the existing secondary treatment system would be needed in
addition to the filtration system.

The high wet weather flows at the City present a major challenge to a filtration system. The system
could not be bypassed as TIN reduction would be completely reliant on all flows passing through
filtration for denitrification. Such a system would require a substantial amount of filtration capacity
to pass peak flows. However, the high flow events present a significate risk to the filtration system,
as such flows typically increase solids carryover from the clarifiers. If substantial solids are
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discharged to the filters, they could require very high backwash volumes to maintain the necessary
throughput or they could be completely blind. Since the WWTP would be completely reliant on the
filtration system to meet a TIN limit, the potential issues at high flows present too high of a risk for
this technology to be prudently considered for the Lynnwood WWTP.

INTEGRATED PROCESS — IFAS

IFAS is a biological treatment that integrates both suspended growth activated sludge with fixed
film growth. IFAS is typically configured as a CFR, which could be implemented in the City by
reusing and expanding upon the existing CFR. IFAS adds inert carriers, typically plastic, to the
activated sludge system to facilitate fixed film growth. A screen retains the carriers in the aeration
basins while suspended growth is carried through the normal flow path to the secondary clarifiers
and returned by the return activated sludge (RAS) or wasted. Multiple manufacturers provide IFAS
systems, with many proven installations. The typically stated benefits of this system include:

e Biomass density can be increased through the addition of fixed film organisms without
proportionally increasing secondary clarifier SLR;

e Simultaneous nitrification and denitrification can potentially occur within the biofilm;
however, there is not enough information to verify that this can reliably be achieved at all
operating conditions;

e Nitrification and denitrification can be achieved at SRTs lower than conventional flocculant
sludge;

e The likelihood of microbial washout at high flows is decreased due to the retention of the
fixed film organisms; and

e Reduced yield of waste sludge.

The degree to which these potential benefits can be reliably achieved is dependent upon the space
available for the reactor. IFAS is evaluated in further detail for the WWTP later in this chapter.

INTEGRATED PROCESS — MABR

MABR is another biological treatment that integrates both suspended growth activated sludge with
fixed film growth. MABR can be configured in a CFR, which could be implemented in the City by
reusing and expanding upon the existing CFR secondary treatment system. In this system, cassettes
of membranes are installed into one or more zones of an activated sludge system. The membrane
cassettes are similar to those used in MBR systems, though with MABR, the membranes are used
as both a fixed biofilm carrier and an aeration device. The membranes are stationary in the tank
and biofilm attaches to the surface of the membranes. The membranes are used to transfer oxygen
directly to the biofilm. Suspended growth activated sludge develops in the bulk liquid, is passed to
subsequent zones, and is returned from the secondary clarifiers as normal with CFRs. The MABR
process has been characterized in the Criteria for Sewage Works Design as a new and
developmental technology as defined in Section G1-5.4.1.

Two manufacturers, Suez and Fluence, currently provide MABR systems in the U.S. Oxymem is
another manufacturer of MABR systems, but they currently do not sell systems in the U.S. MABR is
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a relatively new technology and full-scale installations have been generally operating less than
5 years. The typically stated benefits of MABR include:

e Biomass density can be increased through the addition of fixed film organisms without
proportionally increasing the clarifier SLR;

e The total system oxygen transfer efficiency is increased as a portion of the total oxygen is
delivered through the membranes directly to the biomass in lieu of passing through the
bulk liquid;

e Simultaneous nitrification and denitrification can potentially occur within the biofilm, but
there is not enough information to verify that this can reliably be achieved at all operating
conditions;

e Nitrification and denitrification can be achieved at SRTs lower than conventional flocculant
sludge;

e The likelihood of microbial washout at high flows is decreased due to the retention of the
fixed film organisms; and

e Reduced yield of waste sludge.

MABR is evaluated in further detail for the Lynnwood WWTP later in this chapter.

INTEGRATED PROCESS — MOBILE ORGANIC BIOFILM

MOB is a biological treatment process intended to enhance suspended growth activated sludge
systems. Nuvoda is currently the only company known to sell such systems. The MOB process
consists of adding small organic carriers to an activated sludge system to facilitate biofilm
development. The porous organic carriers are manufactured from Kenaf plant stalks. The carriers
vary in size but are generally near 1 millimeter (mm) in diameter. These organic carriers have a very
high surface area relative to the particle size and facilitate faster settling compared to conventional
floc. As such, the process intends to densify activated sludge systems by adding a biofilm
component to increase biomass concentration while increasing settleability. The carriers are
removed from the RAS stream via a rotary drum screen and returned to the basins.

The MOB process has been implemented at a few municipal facilities over approximately the last
5 years. However, it does not appear that Nuvoda has full-scale installations that face comparable
challenges to that of the City. Notably, demonstration of the Nuvoda process was undertaken at
the Edmonds WWTP in Washington and the Forest Grove WWTP in Oregon in the last 2 years.
However, results from these demonstrations are not sufficient to allow this technology to be
considered for the Lynnwood WWTP, except as new and developmental technology as previously
described.

An initial proposal was provided by Nuvoda for upgrading the Lynnwood WWTP to a MOB process,
which included a modeling report and budgetary equipment proposal. The modeling report
included simulation results for a 5-stage Bardenpho configuration, which would require significant
reconfiguration of the existing secondary treatment system. However, the simulations predicted
effluent TSS above the NPDES average monthly permit limit of 30 mg/L at the projected

2026 maximum month average day condition with the use of the existing 4 secondary clarifiers.
The simulations showed TSS levels further increasing in subsequent years. The potential loss of
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solids from the clarifiers at high flow rates would be a severe limitation for this technology in the
City, which experiences peak wet weather events that greatly exceed the maximum month
hydraulic conditions used in Nuvoda’s simulations. The Nuvoda proposal recommended effluent
filtration to meet the required effluent TSS limits. As previously discussed with denitrification
filters, filtration is not considered a reliable method for meeting effluent limits at the City.

Until more is known through full-scale applications about the densification, TIN reduction, and TSS
removal provided by Nuvoda, it will not be considered as an applicable technology for upgrading
the Lynnwood WWTP. However, it is important to provide as much flexibility as feasible in the
future secondary treatment system to allow the future addition of MOB or similar technologies, if
needed, and should they become more widely proven and accepted for this application.

OVERVIEW OF MICROBIAL SELECTION PROCESSES

Microbial selection processes can be employed in various activated sludge process configurations
to facilitate a biomass with exceptional settling characteristics in addition to providing nutrient
removal. This generally includes the formation of self-assembled dense microbial communities in
the activated sludge. This includes the formation of aerobic granules, which are microbial
communities that grow and configure in a dense granular structure, as shown in comparison to
flocculant activated sludge in Figure 6-7.

e (left) and Aerobic Granular Sludge (right)

™ %

Currently, the term aerobic granular sludge (AGS) has been used to describe the relatively large
granules that can be produced in laboratory or full-scale batch reactors. However, in 2015, the
University of Washington completed a field survey on many WWTPs and determined that multiple
continuous flow WWTPs contained a fraction of aerobic granules within the activated sludge
biomass; however, the surveyed facilities were not designed to specifically select for the formation
of aerobic granules. However, the surveyed facilities all employed an enhanced biological
phosphorus removal (EBPR) configuration. A typical EBPR flow diagram, which adds an anaerobic
selector ahead of the typical continuous flow secondary treatment configuration, is shown

Figure 6-8.
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Figure 6-8 — Schematical Representation of a Secondary Treatment System Capable of EBPR
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This configuration is proven to select for phosphorus accumulating organisms (PAOs), which are
key to the development of microbial communities with exceptional settling properties and are
integral to the interior structure of an aerobic granule. Aerobic granules can range in size from

0.2 mm to 3 mm or larger and exhibit settling velocities upwards of 10 times faster than those of
flocculate sludge. An aerobic granule is shown graphically in Figure 6-9.

Figure 6-9 — Schematical Representation of Aerobic Granules

Anaerobic
AOB

 denitrifying PAO.

For the purposes of analyzing microbial selective processes that facilitate aerobic granule
development within an activated sludge system, this Plan uses the term “densified activated
sludge” (DAS) to broadly describe activated sludge facilities of various process configurations that
can achieve a significant fraction of aerobic granules in the mixed liquor. Due to the dramatically
increased mixed liquor settleability that aerobic granules provide relative to flocculant sludge, DAS
can allow for an MLSS concentration of 6,000 to 10,000 mg/L, whereas flocculate sludge
concentrations are typically kept below 3,000 mg/L. Further, AGS has been shown to perform
simultaneous nitrification/denitrification (SND). As shown in Figure 6-9, the microbial communities
that form granules generally assemble with AOB congregate near the exterior portion of the
granule. NOB generally congregate further into the granule from the AOBs. PAOs generally
congregate further into the granule relative to NOBs. The close proximity of AOBs, NOBs, and PAOs
within the granule structure facilitates SND and EBPR as graphically shown in Figure 6-10.
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Figure 6-10 — Schematical Representation of EBPR and SND with Aerobic Granules
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For the purposes of initial screening, this chapter reviews the SBR and CFR activated sludge
processes that could be configured to achieve a DAS.

SBR Configured to Achieve DAS

Multiple full-scale SBRs have been configured to select for microbial communities with good
settling characteristics. Many SBRs globally have been configured using the Nereda technology,
which specifically promotes the formation of a mixed liquor that has been shown to produce a
large fraction of relatively large aerobic granules. Other SBRs, such as one in Peshastin,
Washington, have been configured to produce DAS that contains a significant fraction of aerobic
granules that vary in size. These facilities have been shown to provide exceptional mixed liquor
settleability and nutrient removal.

At various WWTPs globally, CFRs have been replaced with SBRs capable of producing aerobic
granular sludge. For this to occur, the CFR must be maintained while the SBRs are constructed. The
primary challenge to implementing an SBR process at the City is the limited space available due to
the existing site and process constraints. Similar to the challenges described for implementing BAF
at the WWTP, an SBR process is a complete process change from the existing CFR. The existing
aeration basins and clarifiers must generally remain in service during the construction of an SBR,
which requires the necessary new headworks and SBR process to be constructed in the space
available uphill from the existing secondary clarifiers. An SBR system would likely include significant
volume of influent equalization to manage the peak wet weather flow events typical of the City,
requiring an additional footprint. Once the new SBR system was commissioned and treating the full
flow of the WWTP, the existing secondary treatment tanks could be demolished or repurposed for
further expansion of the SBR system.

Converting the existing Lynnwood WWTP to a completely new process configuration, such as an
SBR, is likely to be much more complicated and costly in comparison to implementing a system that
improves the existing CFR. For this reason, the SBR process is not analyzed further for the City.
However, the advantages of aerobic granules cannot be overlooked for the City as part of any
future secondary treatment upgrade.
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CFR Configured to Achieve DAS

The existing secondary treatment system consists of a CFR. To achieve DAS, the existing secondary
treatment system would be expanded and changed to an EBPR process. Though phosphorus
removal is not required at the Lynnwood WWTP, an EBPR configuration is necessary to formation
of DAS as previously discussed. The limitations of total aeration basin volume and existing
secondary clarifier area will be significant challenges to any process implemented in a CFR
configuration. However, the potential benefits of dramatically increased mixed liquor settleability
and exceptional nutrient removal warrant further investigation of this process at the City.

6.3.7 Evaluation of Technologies Applicable to Secondary Treatment

Densification Technologies
After the initial screening, the remaining secondary treatment processes that could potentially be
applicable to the Lynnwood WWTP are listed as follows.
1. Microbial selection processes
a. CFR configured to achieve DAS (CFR-DAS)
2. Biofilm processes
a. Integrated fixed film activated sludge (IFAS)
b. Membrane aerated biofilm reactor (MABR)
For each of these processes, an overview of each system is given to provide an understanding of
how each may be applied at the City. The year 2050 was chosen as the basis of comparison of these

processes, and initial computational modeling results are provided for the 2050 loading conditions.
A high-level review of the following key aspects is provided to qualitatively compare each process:

e Mixed liquor requirements.
e Secondary clarifier loading.
e Wet weather flow management.
e Influent screening.
e Energy usage.
e Installation history.
Following this review for each process, a basic quantitative comparison is provided to determine

the process that has the highest potential for cost effectively and reliably meeting the challenging
objectives presented by the necessary upgrades to the WWTP.

CFR-DAS

As previously noted, the existing WWTP site offers space for up to approximately 3 MG of total
available aeration basin volume while maintaining the 4 existing secondary clarifiers. There are
multiple methods to configure basins to achieve EBPR, but for the purposes of this Plan, two
identical trains of basins are assumed. The available space on the upper site as well as the footprint
of the existing basins must be used to achieve the maximal basin tankage. The basin locations will
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be separated by the existing secondary clarifiers as shown in Figure 6-11, creating 15t and 2" stage

basins.

Figure 6-11 — Proposed Secondary Treatment System
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As shown in the figure, the 1t stage basins will consist of some combination of anaerobic, anoxic,
and aerobic zones and the 2"? stage basins will be latter aerobic zones.

While the current version of BioWin was not developed specifically to model the densified
activated sludge, it can be used to estimate the biomass necessary to achieve the process
objectives for a CFR-DAS system. BioWin modeling was completing to analyze the following

parameters:

1. Organism growth rates and corresponding mixed liquor concentrations at varied

temperatures and influent loading rates.

The SRT necessary to provide reliable nitrification.

Anoxic and aerobic volumes, as well as internal and RAS recycle rates. It should be noted
that any simultaneous nitrification and denitrification provided by aerobic granules in the
CFR-DAS is not included in the model. Further, the potentially valuable effects of
fermentation on nutrient removal, as discussed in Chapter 8, are also not considered by the
model. For these reasons, the model results are likely more conservative than those that
can actually be achieved with a CFR-DAS system.

J:\DATA\LYNN\20-0054\10 REPORTS\LYNNFP_CH6.DOCX (5/6/2022 8:15 AM)

6-19 RHz
A
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4. Secondary clarifier hydraulic and solids loading rates at various MLSS concentrations.
5. Aeration demand.
6. Waste activated sludge generation.

The initial BioWin model, assuming the configuration shown in Figure 6-11, is shown in Figure 6-12.

Figure 6-12 — Schematic of Proposed Secondary Treatment System Layout in BioWin
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Initial steady-state modeling was completed for the 2050 maximum month influent loading
conditions and the cold weather design mixed liquor temperature of 12 degrees Celsius, which is
the most conservative condition to model for TIN reduction. Table 6-4 displays the initial effluent
TIN and mixed liquor concentrations predicted by the model at varied SRTSs.

Table 6-4. Initial BioWin Model Results — CFR-DAS Configuration at 2050 Loading

CETET T Effluent Results Process Results
SRT Nitrate Nitrite MLSS SLR
(days) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (Ib/sf/d)
5.0 2.49 0.00 2.15 4.64 4,550 44
6.0 1.17 0.60 1.91 3.68 5,200 50
7.0 0.71 1.78 0.76 3.25 5,850 56
8.0 0.49 2.22 0.25 2.96 6,480 62
9.0 0.38 2.36 0.10 2.84 7,060 68
10.0 0.32 2.43 0.06 2.81 7,600 73
11.0 0.28 2.47 0.04 2.79 8,140 79
12.0 0.26 2.49 0.04 2.79 8,640 83

2050 Loading Conditions: Flow - 8.92 MGD; BOD - 240 mg/L ; TSS - 200 mg/L; 175 mg/L volatile suspended
solids (VSS); 35 mg/L TKN; 6 mg/L total phosphorus (TP)

2050 Operating Conditions: 12 deg C; 300% IR; 50% RAS; swing zone operated as aerobic with post anoxic
zone; 300 gpd methanol

Carbonaceous BOD estimated at 90% of BOD

As shown in the table, the model predicts stable nitrification, as evidenced by effluent ammonia
below 0.5 mg/L, occurring at an SRT of 8 days. The corresponding effluent TIN is predicted at

approximately 3 mg/L. As the SRT is further increased, the effluent TIN is not predicted to
appreciably decrease further without adding further supplemental carbon.

The BioWin model was operated in steady-state simulations. To account for peak diurnal loading
conditions in this steady-state model, a simple method is to increase the SRT proportional to

normal peak diurnal loading condition relative to the average loading condition. In Chapter 4, the
peak diurnal to average flow condition was analyzed. A conservative peak diurnal to average day
flow factor of 1.5 was established based on the analyses of Chart 4-3 and Chart 4-4. To apply this
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factor to BioWin modeling, organic loading is assumed to increase proportionately with flow.
Therefore, increasing the 8-day SRT shown in Table 6-2 by a factor of 1.5 results in a 12-day SRT.
This SRT is predicted to provide reliable nitrification and denitrification at the normal peak diurnal
condition. At a 12-day SRT, the predicted mixed liquor concentration is 8,640 mg/L, and the clarifier
solids rate is estimated at 83 |b/sf/d.

Major Considerations

Mixed Liquor Requirements

At the 2050 condition, the initial BioWin modeling predicts the mixed liquor conditions necessary
to provide an effluent TIN of 3 mg/L with 3 MG of aeration basin tankage. An SRT of 12 days is
necessary to support the maximum month peak diurnal condition. Supplemental carbon will be
necessary to achieve this level of TIN reduction. As previously noted, BioWin does not account for
any effects of SND or mixed liquor fermentation, which could further improve the treatment and
potentially reduce the reliance on supplemental carbon for a CFR-DAS system, as discussed further
in Chapter 8. To support this level of TIN reduction, the predicted mixed liquor concentration is
estimated at 8,600 mg/L or higher, resulting in very high solids loading rates to the existing
clarifiers.

Secondary Clarifier Solids Loading Rate

Based on initial modeling with the four existing clarifiers online, the predicted maximum month
average day clarifier solids loading rate is approximately 83 Ib/sf/d. This significantly exceeds the
typical average design criteria of 25 Ib/sf/d for conventional activated sludge. For this SLR to be
achieved without significant loss of TSS from the clarifiers, CFR-DAS with exceptional settling
characteristics will be necessary.

Conventional design aids, such as the Daigger-Roper Operating Chart, are based on empirical
observations of conventional activated sludge. However, this chart can be used as a starting point
to predict the general level of sludge volume index (SVI) necessary to support a specific SLR in a
CFR-DAS system. The Daigger-Roper Operating Chart for secondary clarifiers in shown in Figure
6-13. This is adapted from Figure 12.89 in WEF MOP 8. The chart relates clarifier solids flux to SVI. If
a point, as determined by a combination of SLR, RAS concentration, and/or underflow rate, lands to
the left of or below the operating SVI, the clarifier is operating below the limiting solids flux. For
points above or right of the operating SVI, the clarifier is operating above the limit flux and is at risk
of solids washout.
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Figure 6-13 — Daigger-Roper Operation Chart for Secondary Clarifiers

As shown in Figure 6-13, the red lines denote the maximum combination of SLR and RAS
concentration (25 Ib/sf/d and 12,000 mg/I, respectively) that can be tolerated with an operating SVI
of 150. This point corresponds to an underflow rate of approximately 260 gallons per day per
square foot (gpd/sf). These are typical design values for conventional activated sludge.

The predicted 2050 maximum month average day SLR of 83 Ib/sf/d with a CFR-DAS system is off
the chart. At an SLR of 80 Ib/sf/d, the chart predicts an SVI of approximately 50 as necessary to
support this SLR at a RAS concentration of 16,000 mg/L and the underflow rate is 600 gpd/sf.

The findings from this chart cannot be exactly correlated to CFR-DAS. However, this chart denotes
the importance of maintaining a low SVI with the future secondary treatment process in the City.
To meet the 2050 maximum month average day condition, an average SVI of less than 50 will likely
be necessary. Full scale AGS systems in SBRs have demonstrated that an SVI below 40 can be
achieved. The Cashmere, Washington WWTP, as discussed further in Chapter 8, has achieved an
SVI of less than 50 for extended periods with a continuous flow EBPR configuration. Achieving this
level of settleability in a CFR-DAS system at the City is likely possible with the correct design
elements, but is not yet widely proven at a full-scale plant under operating conditions similar to the
City.

Wet Weather Flow Management

4.1.1 Historical Flow of Chapter 4 analyzes the wet weather flow events for the City. Historically,
wet weather events have produced peak hour flows to the WWTP of approximately 20 MGD and
sustained peaks above 18 MGD for up to 6 hours. As noted in Chapter 4, wet weather events that
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produce daily flows 20 percent or higher than maximum month average daily flow occur
approximately 10 to 20 days out of the year.

Wet weather flow events can significantly increase the secondary clarifier SLR and potentially cause
solids washout. Clarifiers can typically withstand a peak SLR of approximately 1.5 times the average
design SLR for a short duration. During the typical wet weather events for the City, it is likely that
the peak SLR will be sustained for many hours and on rare occasions, up to 1 to 2 days in duration.
This assumes the four existing clarifiers are in operation during this period. Having one clarifier out
of service would worsen this condition.

It is likely that additional measures will be necessary to mitigate the peak SLR during wet weather
events. These measures are discussed further in Chapter 8 and could include:

e Bypassing some influent to the later zones of the basin to effectively reduce the MLSS
concentration entering the clarifiers;

e Reducing or suspending RAS pumping during peak flow events; and

e Reducing or suspending aeration in the latter aerobic zones to store sludge and effectively
reduce the MLSS concentration entering the clarifiers.

The potential mitigatory effects of these measures cannot be quantitatively predicted at this time
due to the lack of similar, full-scale installations. Wet weather events and the corresponding
mitigation for these events could have extended adverse impacts to the process. These risks are
similar for any activated sludge system; however, CFR-DAS with exceptional settling characteristics
provides the highest likelihood for wet weather flow management.

Influent Screening

A CFR-DAS system should not have any more stringent influent screening requirements than
normal activated sludge. Screening with 6-mm spacing should be adequate for this system. This
level of headworks screening should significantly reduce the screening system footprint compared
to systems requiring 3 mm screening.

Energy Usage

Typical of any of the activated sludge systems reviewed in this Plan, a DAS system will primarily
utilize energy to meet the aeration demand. Mixers and recycle pumps also will consume energy,
though not to the level of aeration. One of the major potential benefits of a CFR-DAS system is
simultaneous nitrification and denitrification with aerobic granules. Should this be achieved,
aeration demand can be significantly reduced, as well as the internal recycle rate. Both would
facilitate lower energy usage than typical activated sludge systems.

Installation History

As previously noted, multiple continuous flow EBPR facilities have been shown to contain aerobic
granules as a fraction of the activated sludge biomass. Of note is the Cashmere, Washington
WWTP, which is further discussed in Chapter 8. This facility operates a highly densified continuous
flow EBPR process that exhibits an activated sludge in which a significant fraction is aerobic
granules.
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Further, AGS facilities that operate in an SBR configuration have been completed worldwide in the
last decade. While these facilities operate in a different process configuration than the continuous
flow configuration intended at the City, they demonstrate that biological treatment with AGS is
being broadly employed.

While these facilities provide intriguing results in terms of process densification and nutrient
removal, it is unlikely that any such facility operates under the combination of challenges posed for
the Lynnwood WWTP. CFR-DAS, and the role in which AGS plays in this technology, should still be
considered an emerging technology for applications such as the City.

IFAS

Vendor Proposal

For this Plan, Suez was consulted regarding its Meteor IFAS system. The 2050 maximum month
condition was used for this initial analysis. The influent design and effluent targets are included in
Table 6-5.

Table 6-5. IFAS Parameters at 2050 Maximum Month Condition

Influent Loading and Effluent Discharge Requirements ‘

Influent Parameters
Flow 8.92 MGD
239 mg/L
BOD 17,800 Ib/d
198 mg/L
TS5 14,700 Ib/d
36.3 mg/L
TKN 2,700 Ib/d
6.1 mg/L
Phosphorus 450 Ib/d
Alkalinity 250 mg/L as CaCO;
Winter Low Average Daily 12 deg C
Effluent Requirements
BOD <30 mg/L
TSS <30 mg/L
NHs-N <1 mg/L
NOs-N <2 mg/L
TIN <3 mg/L

Due to the previously identified constraints that will suspend further usage of primary clarifiers at
the WWTP, the Suez proposal provided sizing and configuration requirements without the usage of
primary clarifiers. It also assumes reuse of the existing secondary clarifiers with no additional
clarifier area to. A basic BioWin model schematic provided in the Suez proposal is included in Figure
6-14.
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Figure 6-14 — BioWin Schematic of Secondary Treatment System Layout per IFAS Proposal
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Note: Suez assumed methanol addition and a post anoxic zone in the final proposal. These are not shown in
the basic schematic provided in the proposal.

The IFAS proposal included an anoxic zone followed by two aerobic zones that contain the IFAS
carriers, as well as a post anoxic zone with a supplemental carbon feed to achieve the low TIN limit
of 3 mg/L. The carriers are retained in the first aerobic zones with screens in the basins. The
configuration includes both internal and RAS recycle streams. The basic model results for the
proposed configuration are provided in Table 6-6.

Table 6-6. IFAS Proposal Process Results for 2050 Maximum Month Condition

Pre-Anoxic Tank Working Volume 1.00 MGD
Aerobic Tank Working Volume 0.90 MGD
Post-Anoxic Tank Working Volume 0.26 MGD
Post-Aerobic Tank Working Volume 0.17 MGD

Total Reactor Volume 2.33 MG

Media Fill Fraction (Aerobic Tank Only) 56 %

Aerobic Design SRT 2.4 days

Total Design SRT 6.1 days
Internal Recycle Rate 250 % of influent
Return Recycle Rate 100 % of influent
Total Design Aeration Demand 11,700 SCFM
Design MLSS Concentration 3,500 mg/L

Design Clarifier SLR 35 Ib/ft2/d

Table from Suez proposal dated July 7, 2021.
Major Considerations

Mixed Liquor Requirement

The IFAS proposal estimates that a TIN of 3 mg/L can be met at the 2050 maximum month
condition with a total aeration basin volume of 2.33 MG, which is below the approximate volume
of 3 MG used to analyze CFR-DAS and MABR. The IFAS proposal predicts a MLSS concentration of
3,500 mg/L and a total SRT of approximately 6 days.

While the IFAS proposal appears to require less tankage than the other options analyzed in this
section, it is prudent to maximize the construction of new secondary treatment tankage from the
outset as it will be difficult to add to the site later. This also can facilitate more process flexibility.
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For these reasons, the tankage required for IFAS is assumed equal to that of the other processes for
the purposes of comparing processes.

Secondary Clarifier Solids Loading Rate

At an MLSS concentration of 3,500 mg/L, the proposal estimates a clarifier SLR of 35 Ib/sf/d for the
2050 maximum month average day flow. The IFAS system shown in the proposal is likely to
produce suspended growth activated sludge that has similar settling properties to that of
conventional activated sludge, for which the typical design value for average SLR is 25 lb/sf/d.

It should be noted that the IFAS proposal does not include anaerobic zones. To design for a clarifier
SLR higher than the typical design SLR of 25 Ib/sf/d (as discussed in the following section),
measures should be employed to increase the settleability of the mixed liquor. At a minimum, this
would likely include the addition of anaerobic zones to facilitate the formation of PAOs. For IFAS to
be applicable at the City, some method of increasing mixed liquor settleability is likely necessary.

Wet Weather Flow Management

Wet weather flow events will cause extended periods of high clarifier SLRs at the City with any
activated sludge system. As discussed previously with the CFR-DAS system, there are potentially
methods to reduce the peak SLR, but of primary importance is the settleability of the mixed liquor.
Though the proposed IFAS system predicts a lower suspended growth mixed liquor concentration
than the CFR-DAS option due to the biofilm carriers, the suspended growth mixed liquor that
passes to the clarifiers in IFAS is unlikely to have settling characteristics that are significantly better
than conventional activated sludge. This poses a significant risk of solids washout for an IFAS
system during periods of extended peak clarifier loading due to wet weather events.

Further, the proposed rectangular aeration basins, in which the flow path is generally parallel to
the long direction of the basin, pose the concern that the IFAS carriers will migrate to one end of
the basin during high flow events. An uneven distribution of the carriers could severely impact the
treatment efficacy of the system. This is of particular concern at the City, where wet weather
events produce extended periods of high influent (and corresponding recycle) flows through the
basins.

Influent Screening

Without primary clarifiers preceding the IFAS system, 2 to 3 mm perforated plate screening of the
influent is recommended to protect the IFAS carriers from fouling. This is a significantly more
restrictive screening requirement than is necessary for CFR-DAS and will increase the size of the
new headworks and associated equipment to accommodate the reduced hydraulics afforded by
this level of screening.

Energy Usage

The IFAS proposal estimates an aeration rate of 11,700 standard cubic feet per minute (SCFM) at
the 2050 maximum month average day condition. Coarse bubble aeration is used in the IFAS
system to maintain the carriers in suspension and scour excess biofilm from the carriers. However,
coarse bubble aeration transfers oxygen to the biomass less efficiently than the fine bubble
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aeration used in the CFR-DAS and MABR systems, and as such, IFAS has approximately double
aeration demand as these systems. This significantly increases the energy demand for this system
relative to the others.

Installation History

IFAS has been implemented in many full-scale installations globally. There are multiple
manufacturers that provide IFAS systems, and of the three processes analyzed in this section, IFAS
would provide the most historical data from operating installations. It is generally a proven and
reliable process for increasing biomass through the addition of a fixed film component to the
activated sludge system. However, it is unlikely that sufficient operating data exists from IFAS
facilities that face the combination of challenges posed by the City. The settleability of the
suspended growth activated sludge in this system, and the potential loss of solids from the
clarifiers at high flows, is a significant risk to the City that cannot be quantified at this time. As a
result, the application of IFAS in the City should be considered emerging and not entirely proven.

MABR

Vendor Proposal

Suez was consulted regarding its ZeeLung MABR system. The 2050 maximum month condition was
used for this initial analysis. The influent design and effluent targets are included in Table 6-7.

Table 6-7. MABR Parameters at 2050 Maximum Month Condition

Influent Loading and Effluent Discharge Requirements

Influent Parameters
Flow 8.92 MGD
239 mg/L
BOD 17,800 Ib/d
198 mg/L
155 14,700 Ib/d
36.3 mg/L
TKN 2,700 Ib/d
6.1 mg/L
Phosphorus 450 Ib/d
Alkalinity 250 mg/L as CaCO;
Winter Low Average Daily 12 deg C
Effluent Requirements
BOD <30 mg/L
TSS <30 mg/L
NHs-N <1 mg/L
NOs-N <2 mg/L
TIN <3 mg/L
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Due to the previously identified constraints that will suspend further usage of primary clarifiers at
the WWTP, the proposal provided sizing and configuration requirements without the usage of
primary clarifiers. The proposal also assumes that there is no expansion of the existing secondary
clarifiers. A basic schematic of the BioWin model from the proposal is included in Figure 6-15.

Figure 6-15 — BioWin Schematic of Secondary Treatment System Layout per MABR Proposal
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The schematic shows an initial tank containing the MABR membrane cassettes followed by an
anoxic zone and two aerobic zones. A post anoxic zone with a supplemental carbon feed also is
shown to achieve the target TIN limit of 3 mg/L. This configuration includes both internal and RAS
recycle streams. The basic criteria for the proposed configuration are provided in Table 6-8.

Table 6-8. MABR Proposal Process Results for 2050 Maximum Month Condition
MABR Model Results |

Pre-Anoxic Tank Working Volume 0.50 MGD
Aerobic Tank Working Volume 2.30 MGD
Post-Anoxic Tank Working Volume 0.20 MGD

Total Reactor Volume 3.00 MG

Aerobic Design SRT 5.5 days

Total Design SRT 7.5 days
Internal Recycle Rate 250 % of influent
Return Recycle Rate 70 % of influent
Total Design Aeration Demand 4,750 SCFM
Design MLSS Concentration 4,000 mg/L

Design Clarifier SLR 43  |b/fe/d

Table from Suez proposal dated July 7, 2021.
Major Considerations

Mixed Liquor Requirement

The MABR proposal estimates that a TIN of 3 mg/L can be met at the 2050 maximum month
condition with a total aeration basin volume of approximately 3 MG. The MABR proposal predicts a
MLSS concentration of 4,000 mg/L and a total SRT of approximately 7.5 days.
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Secondary Clarifier Solids Loading Rate

At an MLSS concentration of 4,000 mg/L, the proposal estimates a clarifier SLR of 43 Ib/sf/d for the
2050 maximum month average day flow. Similar to IFAS, MABR is likely to produce suspended
growth activated sludge that has similar settling properties to that of conventional activated
sludge, for which the typical design value for average SLR is 25 Ib/sf/d.

Similar to IFAS, to justify a higher SLR than the typical design parameter, the MABR system should
prudently include some additional process elements to increase mixed liquor settleability.

Wet Weather Flow Management

MABR systems are likely to be similar in mixed liquor settling characteristics to the IFAS system.
Both systems are predicted to have lower mixed liquor concentrations compared to CFR-DAS due
to the biofilm component that is retained in the basins. However, without enhanced mixed liquor
settleability, these systems pose a significant risk of solids washout during periods of extended
peak clarifier loading due to wet weather events.

Influent Screening

MABR will require similar requirements to IFAS to protect the MABR membrane cassettes from
fouling. As previously discussed, this will significantly increase the size of the proposed headworks
facility.

Energy Usage

The MABR proposal predicts an aeration demand of 4,750 SCFM, which is the lowest of the three
processes reviewed. This is primarily due to the efficiency of the oxygen transfer directly to the
fixed film biomass on the MABR cassettes. Similar to CFR-DAS, one of the major potential benefits
of MABR is simultaneous nitrification and denitrification within the fixed film biomass. Both of
these attributes facilitate lower aeration demand and resultant energy usage compared to other
activated sludge systems.

Installation History

As previously discussed, few full-scale MABR systems are operating globally and those that are
have operating times of 5 years or less. It is unlikely that any MABR facility operates under the
combination of challenges posed for the Lynnwood WWTP. MABR should be considered an
emerging or developmental technology for applications such as the City.

6.3.8 Secondary Treatment Alternatives Analysis

Based on the analysis of the CFR-DAS, IFAS, and MABR, each of these options are considered
emerging and not entirely proven in applications similar to those posed for the City. This may
change as additional systems are installed and the understanding of each technology is more fully
developed for challenging applications. However, none of these options currently have full-scale
installations with significant operating data that are comparable to the City in terms of the
stringent future effluent TIN requirements, the high wet weather flow events, and the constrained
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WWTP footprint. As such, this section seeks to synthesize and compare the options for the
following categories.

e Category 1 — Mitigation of secondary clarifier solids loading
e Category 2 — Capital costs
e (Category 3 —Ongoing costs
e Category 4 — Full scale installations
e Category 5— Carbon footprint
e Category 6 — Allowance for process flexibility
This section compares the major differing aspects of each technology to assign a ranking to each

(3 points — best option; 1 point — worst option) for the purposes of identifying the option that
offers the highest current likelihood of success in meeting the City’s process objectives.

CATEGORY 1 — MITIGATION OF SECONDARY CLARIFIER LOADING

Each of the three secondary treatment technologies seek to provide TIN reduction in significantly
less footprint than a conventional activated sludge system. These systems are limited in size to the
footprint available for approximately 3 MG of total aeration basin tankage at the WWTP. The most
significant constraint on the capacity of these systems is the fixed size of the existing secondary
clarifiers. Table 6-9 qualitatively reviews the method by which each technology mitigates the solids
loading to the secondary clarifiers and weighs the likelihood of each technology necessitating
additional future mitigation.
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Table 6-9. Relative Scoring: Mitigation of Secondary Clarifier Loading

Alt. Discussion Rank
As noted in the CFR-DAS discussion, PAOs have been found to be critical to
forming microbial communities with good settling characteristics. The CFR-DAS
process is developed on an EBPR process configuration containing multiple
anaerobic zones and process controls to facilitate a mixed liquor containing
CFR- dense, self-assembled microbial communities with exceptional settling

DAS characteristics. This will facilitate achieving an SLR significantly above the typical 3
conventional activated sludge design SLR of 25 Ib/sf/d. Additional process
elements, such as surface wasting and mixed liquor fermentation, will be
employed to further promote mixed liquor densification. These process elements
would not otherwise be necessary for a process strictly designed to reduce
nitrogen, and they are not included in the vendor proposals.

This process supplements an activated sludge system by using inert mobile
carriers in the aeration basins, allowing biofilm growth to supplement the
activated sludge system and increase biological treatment capacity. This system
inherently mitigates some increase in the secondary clarifier SLR by retaining the
fixed film portion of the biomass in the aeration basins. This allows the biological
treatment capacity of the system to be increased disproportionately to the SLR.
However, the system must provide a sufficiently long SRT to allow for TIN
reduction and this also allows for suspended growth activated sludge population
to increase, such that the MLSS and corresponding SLR increase.

IFAS However, this vendor proposal provided no process elements (such as anaerobic 2
zones) specifically targeted at enhancing the settleability of the suspended
growth fraction of the biomass. As such, this system should be designed to the
typical average SLR design criteria of 25 lb/sf/d. As shown in the initial proposal,
the estimated SLR at 2050 maximum month condition is 35 Ib/sf/d for this
system. Some means of mitigating this level of clarifier solids loading is
considered necessary for this system from the outset to be considered equal to
CFR-DAS. However, this proposal uses the maximal amount of available footprint
for tankage and does not leave space for mitigatory measures, such as the
addition of anaerobic zones.

Similar to IFAS, this process supplements conventional activated sludge with
biofilm attached to fixed carrier/aerators in the aeration basin to increase
biological treatment capacity without proportionally increasing the secondary
clarifier SLR.

MABR | Also similar to IFAS, MABR does not inherently change the settling characteristics 1
of the suspended growth activated sludge and is limited to the average SLR design
criteria of 25 Ib/sf/d. As shown in the initial proposal, the estimated SLR at 2050
maximum month condition is 43 Ib/sf/d for this system. The MABR proposal
shows a lower SLR and would score better in this category.

CATEGORY 2 — CAPITAL COSTS

The three secondary treatment technologies all consist of activated sludge systems with varying
configurations. Due to the space constraints of the WWTP, each system will generally utilize the
maximum footprint and tankage available. The structural and civil costs are likely to be generally
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equivalent between the options. Further, each system will consist of a similar CFR with multiple
zones, aeration, mixing, and pumping equipment. As such, the mechanical, electrical, and control
costs are likely to be equivalent across the options. The major differences in capital costs for these
options will be related to the influent screening requirements and associated headworks facility,
the inclusion of anaerobic selectors, and the purchase of proprietary secondary treatment
equipment.

Influent Screening

IFAS and MABR have more stringent screening requirements, which will necessitate 3 mm or less
perforated plate screening. The CFR-DAS process can be preceded by 6 mm screening. The capital
costs of screening will be higher for IFAS and MABR, as the screening required will restrict flow and
necessitate significantly larger headworks channels and screens than the CFR-DAS option.

Anaerobic Zones and Associate Equipment

To facilitate the formation of dense microbial communities within the suspended growth activated
sludge, CFR-DAS includes an EBPR process with anaerobic selector zones to allow for PAOs
development. The anaerobic selectors are relatively small and equate to approximately 10 percent
of the total aeration basin volume. Each selector requires mixing equipment. Anaerobic selectors in
the CFR-DAS system increase the capital cost relative to IFAS and MABR as proposed.

As noted in Category 1, the CFR-DAS configuration intends to promote greatly enhanced mixed
liquor settleability to mitigate clarifier SLR; utilizing an anaerobic selector is one aspect of meeting
this objective. The IFAS and MABR proposals do not include anaerobic selectors, but may
necessitate this addition or other modifications to mitigate the clarifier SLR. However, this
consideration is not included in the capital cost scoring as it is accounted for in Category 1.

Proprietary Equipment

The CFR-DAS configuration can be configured with equipment such as blowers, pumps, and mixers
typical of any secondary treatment system and will not have the proprietary vendor systems posed
by IFAS and MABR. IFAS, which requires the plastic media carriers and retention screen, has
propriety equipment costs higher than MABR. However, MABR also has a substantial vendor cost
related to the membrane aeration units. Table 6-10 compares the differing aspects of each
technology that relate to any major capital cost differences between the technologies and provides
a ranking.
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Table 6-10. Relative Scoring: Differential in Capital Costs

Influent Anaerobic Proprietary Total
Alternative Screening Zones Equipment Differential Rank
CFR-DAS S $1,100,000 S--- $1,100,000 3
IFAS $750,000 S--- $5,300,000 $6,050,000 1
MABR $750,000 S--- $4,600,000 $5,350,000 2

CATEGORY 3 — ONGOING COSTS

Each of the secondary treatment systems are expected to have similar operation and maintenance
(O&M) costs for the pumps, blowers, and other equipment typical of activated sludge systems. For
this analysis, ongoing costs are compared for the following major cost categories that are likely to
differ between the systems.

Aeration Energy

IFAS has a substantial additional cost related the aeration energy necessary to maintain the carriers
in suspension, causing the IFAS system to require approximately double the aeration energy of the
other two options. For the purposes of comparing energy usage, MABR may have slightly less air
demand than CFR-DAS.

Equipment Labor

IFAS and MABR include proprietary equipment that necessitate higher labor requirements.
Otherwise, the labor requirements for each system are expected to be generally equal.

Proprietary Equipment Replacement Capital Cost

An IFAS system may have some O&M cost related to the plastic carriers, but this is not expected to
be significant over the lifespan of the system. The lifespan of the MABR membrane cassettes are
currently estimated at 20 years by the manufacturer, but it has yet to be proven in full-scale
installations. Typical membrane aeration equipment necessitates replacement of the membrane
diffusers on an interval of 7 to 10 years. Without having field data demonstrating the lifespan of
MABR membranes, a conservative replacement interval of 10 years is assumed for this analysis.

Additional Labor

The three systems will have comparable labor for O&M of the equipment typical of an activated
sludge system, and as such, the labor required for the CFR-DAS system is assumed to be the base
level of labor. IFAS may require some additional labor related to the proprietary mobile carriers
and screens, but this is expected to be relatively small and is not a significant factor in this analysis.

The normal O&M of the propriety MABR membrane cassettes is not fully understood due to the
limited length of operating time for MABR installations. However, it is likely to have increased
ongoing O&M for membrane cleaning and other procedures. The MABR system is expected to
necessitate one additional full-time employee relative to CFR-DAS.
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Table 6-11 compares the differing aspects of each technology that relate to any major ongoing cost
differences between the technologies and provides a ranking.

Table 6-11. Relative Scoring: Differential in Ongoing Costs

Proprietary Proprietary

Aeration Equipment Equipment Total
Alternative Energy Replacement Labor Differential Rank
CFR-DAS $20,000 S S--- $20,000 3
IFAS $200,000 S--- S--- $238,000 2
MABR S--- $200,000 $75,000 $275,000 1

1. All costs are representing present worth cost differentials.

2. Aeration energy calculated based on an estimated utility rate of $0.10 per kilowatt-hour and is shown as the cost
in addition to the base alternative cost (MABR).

MABR membrane replacement is estimated on 10-year intervals.

4. Anannual labor cost of $75,000 per full-time employee is assumed for this analysis.

w

CATEGORY 4 — FULL-SCALE INSTALLATIONS

Table 6-12 qualitatively reviews the full-scale installations provided by each technology and ranks
each accordingly.

Table 6-12. Relative Scoring: Full-Scale Installations

Alt. Discussion Rank
There are few, if any, full-scale CFR-DAS facilities that would be comparable to
CFR- the City. However, the underlying principles, including an EBPR configuration 1
DAS with surface wasting, fermentation, and other process elements, have been
applied in many full-scale AGS facilities.
IFAS possesses the most full-scale installations and the longest running
IEAS installations of the three options. The challenges posed by the City would 3

necessitate implementing IFAS in a manner that is considered emerging and not
widely proven.

MABR has few full-scale US installations with limited operating time. MABR has
MABR additional installations globally, though they are likely at operating times of 2
5 years or less.

CATEGORY 5 — CARBON FOOTPRINT

The carbon footprint of a WWTP is measured based on the on- and off-site greenhouse gas (GHG)
emitted from the facility. GHG can be emitted from a variety of sources; some of the major sources
include:

e Facility construction;
e Manufacturing and transport of treatment equipment;

e Manufacturing, transport, and usage of chemicals for treatment processes;
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e Ongoing energy usage. Aeration demand contributes to the largest energy usage for these
options and is considered the basis of comparing energy demand between technologies;
and

e Ongoing biological process emissions, including carbon dioxide, methane, and nitrous oxide.

For the purposes of this high-level analyses of treatment options, it is assumed that the GHG

emissions related to construction and biological process emissions are expected to generally be
equal between the three options. Table 6-13 qualitatively compares the differing aspects of each
technology as they relate to carbon footprint and ranks each accordingly.

Table 6-13. Relative Scoring: Carbon Footprint

Supplemental Carbon

Proprietary Equipment Energy Usage Reduction Potential Rank
B Mi I £ .
CER-DAS does not include CFR-DAS mgy ixed |.q‘uor ermentation
. represent slightly may facilitate reduced
equipment beyond the normal . .
CFR- . higher aeration external carbon demand
scope of mixers, pumps and e 3
DAS . . energy to support denitrification,
aeration equipment necessary for . A .
tivated sludge system consumption than | as further discussed in
any ac ' MABR. Chapter 8.
IFAS has additional GHG emissions | IFAS represents the
associated with the manufacturing | highest aeration IFAS is unlikely to offer
and transport of proprietary plastic | demand due to the | any significant reduction
IFAS . o . . 1
carriers for both the initial aeration needed to | in supplemental carbon
installation and end-of-life suspend the mobile | for denitrification.
replacement. carriers.
MABR has additional GHG
emissions a§soaated with the MABR likely MABR is unlikely to offer
manufacturing and transport of represents the . .
. . any significant reduction
MABR | proprietary membranes and lowest potential ) 2
. . . in supplemental carbon
associated equipment for both the | aeration energy e
1 . . for denitrification.
initial installation and end-of-life demand.
replacement.

1. Comparison of aeration energy used and associated GHG emissions is based on the aeration comparison provided in
Category 3 of these analyses.

CATEGORY 6 — ALLOWANCE FOR PROCESS FLEXIBILITY

Table 6-14 qualitatively reviews the flexibility provided by each technology to incorporate elements
of other applicable technologies and ranks each accordingly.
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Table 6-14. Relative Scoring: Allowance for Process Flexibility

Alt. Discussion Rank

The CFR-DAS system includes anoxic and aerobic zones similar to IFAS and MABR and
could likely be reconfigured to incorporate elements of either IFAS of MABR into this 3
system without significant difficulty.

CFR-
DAS

As previously noted, the IFAS system as proposed does not include anaerobic zones,
which limits the flexibility of this system in achieving densification of the suspended
growth sludge if necessary to mitigate clarifier SLR. Further, the IFAS system includes
coarse bubble aeration to maintain suspension and scoring of the mobile carriers. This
system likely offers the least flexibility, as CFR-DAS and MABR require fine bubble
aeration.

As previously noted, the MABR system as proposed does not include anaerobic zones,
MABR | which limits the flexibility of this system in achieving densification of the suspended 2
growth sludge if necessary to mitigate clarifier SLR.

IFAS

SUMMARY OF ALTERNATIVES ANALYSIS
Table 6-15 summarizes the relative scoring of the three treatment options for each category.
Table 6-15 — Scoring Summary for Densified Secondary Treatment Processes

Category ‘ CFR-DAS ‘ IFAS ’ MABR ‘

Category 1 — Mitigation of Secondary Clarifier Solids 3 2 1
Loading

Category 2 — Capital Costs 3 1 2
Category 3 — Ongoing Costs 3 2 1
Category 4 — Full-Scale Installations 1 3 2
Category 5 — Carbon Footprint 3 1 2
Category 6 — Allowance for Process Flexibility 3 1 2
Total (Highest Score Preferred) 16 10 10

CFR-DAS receives the highest total score, demonstrating that it is the preferred treatment
technology based on the range of categories in this analysis. IFAS and MABR have similar scores
and either could be considered a runner-up to CFR-DAS.

6.3.9 Recommended Secondary Treatment Improvements

The site constraints of the Lynnwood WWTP will not allow widely used conventional technology to
be conservatively implemented at the WWTP for the purposes of achieving nitrogen reduction to
3 mg/L TIN. As shown in the previous analysis, CFR-DAS seeks to achieve maximal usage of the
WWTP footprint available to afford the highest level of treatment capacity and system flexibility.
Future process adjustments to this system could be made that would allow incorporation of
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elements from either MABR or IFAS if such improvements are deemed beneficial. Based on this
analysis, the CFR-DAS approach appears to offer both the lowest cost and the highest likelihood of
success in achieving the future capacity needs and nutrient limits. It is the recommended approach
for mainstream secondary treatment at the WWTP and is further developed for implementation in
Chapter 8.

6.4 PRELIMINARY TREATMENT

6.4.1 Background

As discussed in 5.4.1 Preliminary Treatment of Chapter 5, the existing headworks is limited in
hydraulic capacity to pass future peak hour flow events. The headworks also lacks redundancy in
the mechanical screening and grit removal systems, and the age of these systems necessitates
replacement during the planning period. There is insufficient space to make these improvements in
the existing headworks.

6.4.2 Headworks Relocation

5.9 WWTP Site Considerations of Chapter 5 outlines constraints of the existing WWTP site. One of
the significant constraints is the location of the headworks below the secondary treatment system.
This significantly complicates any expansion of treatment at the site. 5.9 WWTP Site
Considerations of Chapter 5 recommended construction of a new headworks, uphill of the existing
secondary clarifiers. The influent sewer pipe would be rerouted such that flow would be entirely by
gravity through the new headworks to the subsequent existing and future treatment processes.
This would eliminate the need for the Main Plant Pump Station. This general configuration is shown
in Figure 6-16.
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Figure 6-16 — General Location of New Headworks at Lynnwood WWTP
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6.4.3 Influent Flow Metering

Influent metering will be necessary upstream of the proposed headworks location. With the
realignment of the access road to the new headworks location, it is likely that influent sewer pipe
can be routed in a manner that dissipates energy from the influent and aligns the flow to allow for
use of an open channel meter upstream of the screening channels, outside of the proposed
Headworks Building. As such, an alternatives analysis of other metering options or configurations is
not warranted, and the recommended meter configuration is further developed in Chapter 8.

6.4.4 Screening System

The future screening system must be sized to pass the projected 2050 peak hour flow of
approximately 30 MGD. The existing screening system consists of a single multi-rake screen with
%-inch bar spacing with a capacity limitation of approximately 14 MGD. The City has noted that
some screenings bypass the existing screening system, and the City desires a higher level of
screening with the future system in addition to the increased capacity. Two-dimensional perforated
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plate screening would provide significantly increased screenings removal compared to the current
one-dimensional bar screen. Perforated plate screening provides a high level of protection of
downstream processes; for these reasons, it is expected to be implemented in the future. As
previously noted, the CFR-DAS system recommended in this chapter would be adequately
protected by perforated plate screenings with 6 to 9 mm openings. The City also desires
redundancy in screening equipment, and as such, a least two mechanical screens will be installed in
separate channels. No alternatives analyses is necessary as redundant, in-channel, perforated plate
fine screens will be necessary to meet these objectives. The recommended configuration for this
system is fully developed in Chapter 8.

6.4.5 Grit Removal System

The grit removal system also must provide capacity for the projected 2050 peak hour flow of
approximately 30 MGD. The existing grit removal system consists of a single 12-foot-diameter grit
chamber, grit pump, and classifier. Similar to the screening system, the future grit removal system
must provide significantly increased capacity, as well as redundancy in equipment. For the peak
flows experienced at the City, vortex-style grit removal in concrete channels is a standard and
proven approach to grit removal and is recommended. Based on initial analyses, partial redundancy
could be provided with two 16-foot-diameter grit chambers, each rated for approximately 20 MGD.
Full redundancy likely could be provided with two 18-foot-diameter grit chambers rated for

30 MGD each. Each system would include a grit pump and classifier dedicated to each grit
chamber. The equipment costs for either system would be similar, with the primary capital cost
difference originating from the nominal increase in concrete necessary for the larger chambers. For
conservative budgetary and space planning, the dual 18-foot-diameter grit chambers are
recommended to provide 100-percent redundancy at the projected peak hour flow. The
recommended configuration of this system is fully developed in Chapter 8.

6.5 EFFLUENT DISINFECTION

6.5.1 Background

The existing effluent disinfection system consists of chlorination, using a chlorine gas system and a
liquid sodium bisulfate dechlorination system. The chlorine gas system is housed in Building No. 2
and the sodium bisulfate dechlorination system is located in a small building at the north end of the
chlorine contact chambers. The chlorine contact chamber is located below the Control Building.
The maximum capacity of the chlorine contact chamber as currently configured is likely limited to
22 to 23 MGD, which is insufficient for future peak hour flows as shown in Chapter 5. Further, the
existing chlorination system is aging, and the City desires to change to alternate disinfection system
to avoid future use of chlorine gas, which bears high costs and risks associated with the transport,
storage, and handling of a hazardous material.

Disinfection alternatives generally include those that utilize an oxidizing agent, such as chlorine,
ozone, or peracetic acid. Alternatively, ultraviolet light (UV) is commonly used for the disinfection
of secondary effluent. These options are considered for the City in this section.
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6.5.2 Initial Screening of Alternatives

CHLORINATION WITH HYPOCHLORITE

In lieu of using chlorine gas, the City could utilize hypochlorite as an alternate method of
chlorination. This can be accomplished with bulk sodium hypochlorite delivered to the WWTP or
on-site generation of hypochlorite from salt and water; however, for the City, on-site generation
would likely be the common approach to chlorination. Chlorination poses the following advantages
and disadvantages.

Advantages:

e Relatively simple operation and maintenance.
Disadvantages:

e Llarge footprint requirement:

o The existing contact chambers will need to be expanded to provide sufficient contact
time for the projected peak hour flow; and

o The chlorination and dechlorination systems create additional footprint requirement
adjacent to the contact chambers

e Truck traffic impact to the WWTP for salt delivery.

e Reliance on outside chemical delivery (either bulk sodium hypochlorite or salt for on-site
generation).

e Corrosive material handling requirements.
e Requires dechlorination to remove residual toxicity.

e Disinfection byproduct formation.

For the City, the footprint impact is a significant drawback for chlorination relative to other
disinfection options. The existing chlorine contact chambers will require expansion to provide
capacity for future flow, and new chlorination and dechlorination systems will require space to be
allocated near the chambers. These footprint requirements will impact the expansion of the future
solids handling system and other improvements. Additionally, the City prefers to avoid the need for
truck delivery of chemicals for chlorination due to the impacts to operations within the constrained
site. Removing this delivery from local residential roads also is desirable. Other disinfection options,
such as UV systems, have significantly reduced footprint requirements and do not rely on outside
chemical deliveries. For this reason, chlorination is not considered further in these analyses.

OZONE DISINFECTION

Ozone disinfection was fairly widely employed for municipal wastewater effluent disinfection in the
1970s and 1980s. However, the ongoing costs associated with these systems prompted many too
be abandoned and chlorination became the prominent disinfection method. In recent years, ozone
disinfection has resurged as the generation equipment has improved and users have looked for
alternatives to chlorination that provide disinfection for a broader range of compounds. Ozone gas
is generated onsite from atmospheric air using a high voltage generator. Ozone gas cannot be
transported due to its instability, which prompts it to decompose in a short duration. The ozone gas
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produced is injected into the wastewater with various diffusers in differing contact tank
configurations. Ozone systems are typically cost prohibitive when compared to other systems
where disinfection of secondary effluent is the primary objective. When there are process
objectives in addition to secondary effluent disinfection, such as the removal of emerging
contaminants, ozone systems become more competitive. WEF MOP 8 notes that, “...as of 2016,
ozone disinfection systems are in use or in construction at approximately 20 U.S. [Water Resource
Recovery Facilities] WRRFs, many of which cite color removal or the destruction of trace organics as
deliberate supplementary goals.” However, secondary effluent disinfection is the sole process
objective for the disinfection system at the City, and in the absence of any additional process
objective, ozone is not likely to be cost competitive for this application and is not considered
further in this Plan.

PERACETIC ACID DISINFECTION

Peracetic acid is another potential chemical disinfection method that has been gaining interest in
recent years as an alternative to chlorination. However, there are few full-scale installations for
peracetic acid disinfection for municipal wastewater currently. Peracetic acid is a strong oxidant
that is generated from acetic acid and hydrogen peroxide. It shows potential advantages compared
to chlorination, including a reduction in the required contact time, no required dechlorination, no
harmful byproducts and broad effectiveness. The major disadvantages of this system include the
lack of full-scale installations and potential for shortages or high costs in the chemical supply as
acetic acid and hydrogen peroxide are not currently utilized widely in the Puget Sound area for this
purpose.

The fact that peracetic acid disinfection is not yet widely employed for disinfection in the Puget
Sound region, combined with the City’s desire to avoid reliance on outside chemical delivery and
chemical handling, justifies removing peracetic acid disinfection from further consideration.

UV DISINFECTION

UV disinfection is widely employed for municipal wastewater effluent disinfection and is available
in a variety of configurations for both open-channel and enclosed vessel systems. UV radiation
inactivates pathogens by destroying their genetic material. UV systems offer the following major
advantages and disadvantages.

Advantages:
e Compact footprint.
e Lack of disinfection byproducts.
e Automated system with relatively low operations labor.
Disadvantages:
e High equipment cost.
e High energy usage.
e Skilled maintenance that can require varying levels of reliance on vendor support.

Two UV system configurations are applicable to the City: open channel and enclosed vessel. An
open channel system could potentially be configured within a portion of the existing chlorine
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contact basins or in a new channel elsewhere on the site. An enclosed vessel system could likely be
configured in multiple locations at the WWTP. The available head from the existing secondary
clarifiers to Puget Sound would allow significant flexibility in configuring either type of UV system at
the existing WWTP. Both potential disinfection options are analyzed further in the following
section.

6.5.3 Effluent Disinfection Alternatives Analysis

OPEN CHANNEL UV SYSTEM

Open channel UV systems generally consist of multiple banks of UV lamps either in series or in
parallel channels. In many cases, in-channel UV systems have been retrofitted into existing chlorine
contact chambers. This requires the addition of partitions to create channel(s) within to the
tolerances necessary to house banks of UV lamps. UV systems provide a high level of treatment
within a compact footprint. Generally, in-channel UV systems can be installed within a portion of
existing contact chambers. However, the existing Control Building is housed over a significant
portion of the existing chlorine contact chamber as shown in Figure 6-17, which complicates
placement of UV equipment in the existing chlorine contact tank at the City.

Figure 6-17 — Existing Control Building and Chlorine Contact Tank Footprint
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Note: The extents of the chlorine contact chamber is shaded in gray and the Control Building above is
outlined in red.

Open channel UV lamps require periodic visual inspection and maintenance, so it is not practical to
install in-channel equipment below the extents of the Control Building. A portion of the existing
contact tank is outside the extents of the Control Building on the northern portion of the structure.
However, this area is fairly limited in size. Further, half of the tank must remain in service while any
UV system is constructed to maintain chlorine disinfection. Based on vendor proposals for
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in-channel UV systems, it appears that there is insufficient space in the existing chamber, outside of
the Control Building footprint, to prudently plan for an in-channel UV system to be installed in the
existing chlorine contact tank.

Alternatively, a new channel could be constructed elsewhere on the site, allowing the existing
chlorine contact chamber to be decommissioned. The technology cost for a new open channel UV
system is estimated in Table 6-16 for comparison to an enclosed UV system.

Table 6-16. Technology Comparison Cost of New Open Channel UV System

Equipment $800,000
Concrete Channels and Installation $1,000,000
Shelter $500,000
SUBTOTAL $2,300,000

1. Estimate excludes similar items such as mobilization, OH&P, tax, contingency, or indirect costs.

2. Shelter assumed to consist of roof structure to protect above channel equipment from rain and sunlight.

Complete enclosure of the equipment is not assumed.

3. Electrical and control system costs are excluded from analysis as they are likely to be similar for either

type of UV system.
The open channel system as estimated in Table 6-16 assumes two concrete channels with multiple
banks of inclined lamps installed in series in each channel. This configuration would provide for
treatment of the approximate 2050 maximum hour flow of 30 MGD with one redundant UV bank.
The lamps for each bank are retrievable from above the channel for maintenance, allowing a single
bank of lamps to be taken offline without taking the channel out of service.

ENCLOSED VESSEL UV SYSTEM

Enclosed vessel UV systems consist of multiple UV modules connected to a pipe manifold. These
systems are typically enclosed in a building for protection from the elements. The technology cost
for a new enclosed UV system is estimated in Table 6-17 for comparison to an open channel UV
system.

Table 6-17. Technology Comparison Cost of New Enclosed Vessel UV System

Vendor Equipment $1,500,000
Mechanical and Ancillary Systems and Installation $1,500,000
SUBTOTAL $3,000,000

1. Estimate excludes similar items such as mobilization, OH&P, tax, contingency, or indirect costs.

2. Enclosed UV system piping may be incorporated into a larger building, such as a new Solids Handling
Building.

3. Electrical and control system costs are excluded from analysis as they are likely to be similar for either
type of UV system.

The enclosed vessel UV system as estimated in Table 6-17 assumes seven reactors. The enclosed
modules allow for the disinfection system to be pressurized. The UV system can be located above
grade in a mechanical building as long as sufficient head exists to provide full pipe flow through the
system. This configuration provides for treatment of the approximate 2050 maximum hour flow of
30 MGD with one redundant reactor. To allow maintenance of each module individually, this
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CHAPTER 6 CITY OF LYNNWOOD WWTP FACILITY PLAN

system is configured with the reactors in parallel, with valves to isolate each module off common
influent and effluent manifolds. This allows for the isolation and maintenance of each reactor
individually while allowing four reactors to remain in service.

6.5.4 Recommended Effluent Disinfection System

The operations and maintenance costs for either open channel or enclosed vessel UV systems are
not likely to be significantly different and are not a factor when comparing both systems. The major
difference between these systems is the capital cost. An enclosed vessel UV system typically carries
a higher equipment cost relative to open channel equipment. As shown in Tables 6-16 and 6-17,
the in-channel system is expected to be less expensive than the enclosed system.

There are potential benefits of an enclosed pipe UV system that should be considered. An enclosed
system would allow for complete enclosure of the effluent system between the outfall and the
secondary clarifiers (consisting of approximately 50 feet of elevation difference), such that the
outfall system could be allowed to slightly pressurize during future high flow events. This could
allow for increased capacity of the outfall piping. Further, an enclosed system could offer much
more flexibility in the location of the disinfection facility or integration of the equipment into a
larger facility.

Based on this analysis, it is recommended that the City budget for the enclosed vessel UV system,
which may provide additional benefits compared to an open channel system, but also provides a
conservative capital cost that would allow an open channel system to be further considered in the
future design. An enclosed vessel UV system is further developed for implementation in Chapter 8.

6.6 SUMMARY OF ANALYSES

In the previous chapters, the primary drivers for WWTP improvements were identified. This
includes the significant growth that is expected in the City during the planning period. The existing
WWTP does not provide adequate capacity to support the expected level of growth as currently
configured. Further, the age of much of the existing WWTP infrastructure has exceeded its useful
life and necessitates improvements for continued reliable treatment. The pending nitrogen limit
posed by the PSNGP is also a major consideration in planning improvements to the WWTP.
Secondary treatment expansion has the largest potential footprint impact, and the specific
challenges of the WWTP site require any secondary treatment strategy to rely on emerging or
developmental technologies. This requirement will preclude a complete guarantee of continually
achieving a stringent effluent nitrogen limit. CFR-DAS is the recommended approach as it offers the
lowest cost, the highest likelihood of success, and provides the most flexibility to allow for future
process modifications as the current emerging technologies become better understood. To support
the CFR-DAS system and satisfy the other drivers for improvements, a new headworks facility will
be constructed in addition to new aeration basins uphill from the existing secondary clarifiers. A
new solids handling facility consisting of a belt dryer system will be constructed on the lower
portion of the site, and the effluent chlorine disinfection system will be replaced with UV
disinfection.
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7 | EVALUATION OF WWTP SOLIDS HANDLING
ALTERNATIVES

7.1 INTRODUCTION

The goal of this chapter is to evaluate and select the solids handling process for the City of
Lynnwood’s (City) Wastewater Treatment Plant (WWTP) that best meets the City’s defined set of
criteria. The solids handling process, as defined herein, includes all process elements from the
storage of waste activated sludge (WAS) from the liquid stream to final off-site biosolids disposal.
This chapter is organized to chronologically follow the evaluation process performed and includes
the following:

e Existing Sewage Sludge Incinerator (SSI) — Review of the existing SSI.

e Solids Handling Process Sizing — Definition of projected solids production for the solids
handling process sizing.

e Existing WWTP Site — Definition of footprint available for the solids handling process.

e Stage | Evaluation Criteria — Establishment of review criteria with criteria definition and
scoring.

e (Capital and Life-Cycle Cost Basis — Definition of cost basis used in the evaluation herein.

e Stage | Evaluation — Identification and review of high-level solids handling process
alternatives and associated site plans.

e Stage |l Evaluation Criteria — Establishment of review criteria with criteria definition and
scoring for Stage Il evaluation

e Stage |l Evaluation — Technology selection, including individual unit processes, for the top
two ranked solids handling processes identified during Stage I.

The evaluation of technologies in this chapter shall not be construed as an endorsement of any
specific technology manufacturer(s) or supplier(s). The evaluation herein is intended to achieve two
main goals: 1) provide a planning-level assessment of the applicable solids handling options
available to the City and in conformance with City objectives at the WWTP site; and 2) make a
recommendation for the solids handling process and associated technologies for the WWTP site for
planning purposes.

7.2 EXISTING SEWAGE SLUDGE INCINERATOR

The City operates and maintains an SSI to handle solids produced from the primary and secondary
treatment processes. The City’s history with incineration began in 1962 when it installed the first
municipal fluidized bed SSI in North America, a 4-foot-diameter unit per Wastewater Solids
Incineration Systems Manual of Practice 30, Water Environment Federation (WEF MOP 30). In 1989,
the original SSI was replaced with the current 9.5-foot-diameter, 860 pounds per hour design
capacity system. The design capacity was never reached in practice and a subsequent upgrade in
1994 was implemented to increase the capacity to 750 to 800 pounds per hour. Per the
Wastewater Comprehensive Plan Update (BHC Consultants, 2012), the facility operators believe the
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CHAPTER 7 CITY OF LYNNWOOD WWTP FACILITY PLAN

SSI’s sustained capacity was 688 pounds per hour, or approximately 86 percent of its original design
capacity.

In 2020, Chavond Berry Engineering Corp (CBE) performed a review to determine SSI capacity,
which was estimated at 620 pounds per hour. The complete SSI capacity review by CBE is provided
in Appendix E. The analysis was based on City-provided data on SSI operation and monthly
dewatered sludge data from 2019 and 2020. From the data provided, an SSI feed solids percentage
of 21 percent was selected, with an 84 percent volatile fraction, and 10,000 British Thermal Units
(BTU) per pound lower heating value (LHV). CBE performed a heat balance assuming a low exhaust
temperature of 1,500 degrees Fahrenheit, and 140 percent excess air, in line with actual SSI
operations in 2019 and 2020. The excess air percentage was higher than typical and indicated that
the SSI had a theoretical maximum sludge burning capacity of 620 pounds per hour, and a
recommended practical operational capacity of 527 Ib/hr. The analysis performed is sensitive to the
estimated LHV and the sludge feed concentration. The analysis performed was only a
spreadsheet-based analysis and does not account for design parameters such as air distribution or
ratio of freeboard to bed, which may be less than optimal due to the SSI’s design. Per CBE, minimal
increases in SSI capacity may be achieved by increasing the temperature of hot air between the
primary heat exchanger and the wind box; however, significant increases in capacity would likely
not be achievable without a new SSI. Overall, it is CBE’s assessment that the current SSl is in an
operable condition and can provide service for the next 10 years with the assumption that it is
operated and maintained as designed and within its capacity bounds.

Operating and maintaining the current SSI presents several challenges that cannot be captured by a
heat balance assessment. The challenges associated with operating and maintaining the SSI can be
grouped into the following three main categories:

e Limited Access — The SSI equipment is located within an existing building that offers limited
access to the equipment itself and impedes access of larger construction equipment
potentially required for SSI repair (i.e., cranes, lifts, scaffolding).

e Aging Equipment — The SSI equipment, piping, and components often require replacement
and/or refurbishment. Given the age of the system, replacing such parts often requires
custom and/or specialty fabrication and installation. Such replacement parts often trigger
extended SSI shutdowns due to long part/equipment lead times and significant, unplanned
expenditures for the City, which must dispose of dewatered sludge offsite when the SSl is
offline.

e Sludge Storage and Feed Limitations — Wasting from the secondary clarifiers feeds into a
45,000-gallon preconcentration tank for thickening. WAS is then mixed with primary sludge
prior to dewatering. This process operates continuously, and there is no ability to store
wasted solids. Wasting can be stopped for short periods, but solids build up in the
secondary clarifiers, ultimately resulting in National Pollutant Discharge Elimination System
permit violations for total suspended solids (TSS). Furthermore, dewatered sludge can be
fed to the SSI at two locations. However, the dewatered sludge pumps are currently unable
to deliver to both SSI feed locations due to piping configuration and sludge dryness. As a
result, reaching full SSI design capacity has been challenging in practice.
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The above challenges are further compounded by the annual operation and maintenance (0&M)
costs for the SSI, which are estimated to be approximately $630,000 (2021 US Dollars). This cost
includes consumables (fuel, oil, and sand), electricity, regulatory compliance and testing, annual
repair costs, and hauling costs. The largest annual cost is hauling of liquid sludge for the annual
2-week scheduled shutdown and any emergency hauling required when the SSI is taken out of
service for unplanned repairs. The costs associated with emergency hauling alone are estimated at
approximately $175,000, but this figure can vary widely depending on the number of emergency
repairs needed, resulting in unpredictable and significant financial risk to the City.

In addition to the above limitations associated with operating an aging SSI, the most significant risk
for owning and operating an SSl is being subjected to the changing permitting landscape associated
with incineration. The existing SSI will likely exceed capacity by the early 2030’s based on the
updated flow projections outlined in this Facility Plan (Plan). The City has made considerable
investments over the years to repair and upgrade the SSI. Major upgrades, or even a new SSI,
would likely be necessary to maintain capacity in the long term. Per 40 CFR 60 Subpart LLLL, such
improvements will trigger the facility to meet newer, more stringent emissions standards than
those to which the facility is currently held. Additionally, these emissions standards are subject to
change in the future, and would likely only become more stringent based on the current trends in
the regulatory environment.

Given the considerations described in this section regarding operational challenges, aging
equipment, and exposure to both financial and permitting risks, sludge incineration was not further
considered in detail as a solution for the new WWTP solids handling process. Neither upgrading the
incinerator, nor replacing it in kind, will alleviate the financial and permitting limitations associated
with SSls.

7.3 SOLIDS HANDLING PROCESS SIZING

Chapter 6 outlines the detailed evaluation of liquid stream processes. For the solids handling
process evaluation it was assumed that the liquid stream will not include primary clarification, thus
resulting solely in the production of WAS. Modeled solids production rates from the Chapter 6
liquid stream process evaluation are summarized in Table 7-1.

Table 7-1. Projected Solids Production

Parameter 2019 2026 2030 2040 2050

Average Annual WAS Production Ib/mo | 290,000 | 340,000 | 360,000 | 440,000 | 500,000
Average Annual WAS Production at 1.0% MG/mo 3.44 4.03 4.35 5.24 6.01
Average Annual WAS Production at 2.0% MG/mo 1.72 2.01 2.18 2.62 3.00

Maximum Month WAS Production Ib/mo | 310,000 | 360,000 | 390,000 | 470,000 | 540,000

Maximum Month WAS Production at 1.0% | MG/mo 3.74 4.35 4.72 5.67 6.51

Maximum Month WAS Production at 2.0% | MG/mo 1.87 2.18 2.36 2.84 3.26
Table Notes:

1. WAS production volumes rounded to the nearest 10,000 gallons.
2.  WAS production was conservatively estimated based on 1.05 |lbs WAS per 1.0 |b influent BOD based on the
projected influent BOD values in Chapter 4.
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CHAPTER 7 CITY OF LYNNWOOD WWTP FACILITY PLAN

The ability to process the 30-year projected maximum month WAS production at 2 percent at
3.26 million gallons (MG) per month was used as the solids handling process sizing criterion. This
equates to 18,100 dry pounds per day (Ibs/day), or 108,513 gallons per day of 2-percent WAS. This
production rate is conservatively assumed to be 24 hours a day and 7 days a week with the solids
handling processes being sized to process the solids with 85 percent uptime (fully operational at
full capacity for 310 days per year).

It is assumed that prior to secondary treatment, the liquid stream process will include, at a
minimum, influent grit removal and 6 mm screening. Biosolids volatile content was assumed to be
80 percent, with typical being in the 80 to 85 percent range for the liquid stream processes
discussed in Chapter 6. Given their likely minimal fraction of the solids load, specific load impacts of
fats, oils, and grease (FOG) and scum were not included in the Table 7-1 values. However, FOG and
scum impacts on the operation and maintenance of the solids handling process were considered.

7.4 EXISTING WWTP SITE

The existing WWTP site is very constrained site as described in Chapter 5. It is only accessible via a
steep and narrow access road (Bertola Road) through a single-family residential neighborhood. The
current site does not offer easy turnaround access for large vehicles, including trucks and trailers
for hauling of materials, biosolids, and chemicals. The existing site plan is shown in Figure 7-1.

The blue outline in Figure 7-1 demarcates the footprint assigned to the future solids handling
process. This area overlaps existing WWTP Area No. 1, which includes the in-plant pump station,
the headworks, and the rectangular primary clarifiers. At the time of the evaluation herein, this
area was identified for locating the solids handling process as it allows for the construction of
sequencing of the liquid stream improvements described in Chapter 6 while keeping the SSl in
operation. The solids handling footprint also accounts for emergency vehicle access lanes to be
maintained to the SSI building (Area No. 2) and the effluent disinfection/lab and office building
(Area No. 4). The blue outline area is likely to change in shape and possibly location as the liquid
stream and solids handling processes are defined in more detail.
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CHAPTER 7 CITY OF LYNNWOOD WWTP FACILITY PLAN

7.5 STAGE 1 EVALUATION CRITERIA

The City considered multiple criteria for the evaluation of solids handling processes and ultimately
settled on 11 criteria that were then weighted based on relevance to the City’s long-term
objectives and the WWTP’s site constraints. The criteria fall into two main categories: quantitative
and qualitative. Quantitative criteria were based on specific numeric information that could be
scored directly. Qualitative criteria were either pass/fail or were intended to capture a comparative
overall assessment of the alternative evaluated. Lastly, these criteria were applied holistically to
each alternative evaluated for replacing the entirety of the solids handling process and were not
applied to individual processes and sub processes within each alternative. The 11 criteria used for
the evaluation herein, and associated weight in parentheses, are as follows:

e Technology Capital Cost (15 Percent)

* Footprint (15 Percent)

e Nutrient Side Stream (10 Percent)

e Truck Traffic (10 Percent)

e Technology 30-year O&M Cost (10 Percent)
e Regulatory (10 Percent)

e Proven Technology (10 Percent)

e Staffing (5 Percent)

e Process Complexity (5 Percent)

e Carbon Dioxide (COz) Generation (5 Percent)
e Total Energy Use (5 Percent)

7.5.1Stage | Criteria Definition

This section describes each alternatives evaluation criterion, its basis, and how its scoring was
applied to each alternative. Criteria were evaluated based on a score from 1 to 5 with a score of 5
being the best and a score of 1 being the worst. The criteria were qualitative and quantitative with
the difference between the two being that for the quantitative criteria, manufacturers were
required to provide specific and detailed numerical information that could be compared by linearly
interpolating between the alternatives to receive a calculated score and rank. Conversely,
qualitative criteria were evaluated on the same scale, but with scores either being pass (5) or fail
(1) or being attributed based on best engineering judgement and/or indirect numerical values
provided by the manufacturers. The 11 evaluation criteria selected by the City are described in
detail as follows.

Technology Capital Costs (15 Percent). This quantitative criterion includes the total average capital
cost for each alternative’s technology (i.e., equipment packages), including sub-processes. The
average capital cost for each unit process technology within the solids handling alternatives were
added together for the total average technology capital cost for each alternative. This capital cost is
for equipment only and does not include the capital costs associated with facilities designed to
house the equipment, power supply, utilities, structures, etc. The technology capital costs assume
construction in 2021. The lower the capital costs, the higher the score.
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Footprint (15 Percent). This quantitative criterion was used to determine whether alternatives
were to fit within the highlighted area in Figure 7-1. Alternatives were assigned a score of 1 if they
did not fit within the footprint, and a score of 5 if they did fit. This criterion was either a pass (5) or
a fail (1). Layouts for each alternative were based on single-story facilities and were conservatively
sized based on the largest footprint required by manufacturers for each unit process of each
alternative. For smaller equipment, including pumps, thickeners, and dewatering equipment, a
minimum of 3 feet of spacing between equipment was used to determine the necessary footprint.

Nutrient Side Stream (10 Percent). This qualitative criterion was used to compare the alternatives
based on each alternative’s potential for return of nutrients in side stream flows to the plant
headworks. This criterion was included as significant nutrient loads returned to the headworks will
negatively affect the liquid stream process(es) described in Chapter 6, thus increasing capital and
O&M costs outside of the solids handling process. Alternatives were assigned a score of 5 if they
produce side stream flows with low nutrient content (i.e., no side stream nutrient removal would
be required) and a score of 1 if side stream flows contain high levels of nutrients (i.e., side stream
nutrient removal would be required).

Truck Traffic (10 Percent). This quantitative criterion was defined as the number of trucks per week
needed for biosolids disposal assuming a truck capacity of 25 wet tons of biosolids. Given the
constrained and steep access to the site via a residential neighborhood, truck access to the site has
been a consistent operational and cost risk to the City. Often, under poor weather conditions,
trucks are unable to access the site, limiting WWTP operations. Therefore, minimizing the amount
of truck traffic to the site is one of the City’s primary concerns. This criterion does not account for
other truck traffic associated with WWTP operations (i.e., chemical deliveries, equipment delivery,
etc.). As part of the evaluation, each technology was required to submit an estimated biosolids
production in dry pounds per day. These values were converted to wet tons per week assuming

24 hours, 7 days a week operation and 85 percent uptime. The lower the number of trucks, the
higher the score.

Technology 30-Year O&M Costs (10 Percent). This quantitative criterion included the 2021 value of
the average 30-year technology only O&M costs assuming an effective 3-percent annual interest
rate. The average annual O&M costs for each unit process within the solids handling alternatives
were added together for the total average technology O&M cost for each alternative. O&M costs
include electricity, natural gas, chemicals, staffing, and an annual maintenance cost. The annual
maintenance cost is equal to 2 percent of the initial capital investment. The 30-year O&M costs do
not include equipment replacement costs. The lower the O&M costs, the higher the score.

Regulatory (10 Percent). This qualitative criterion was used to assess the solids handling
alternatives ease of permitting. The U.S. Environmental Protection Agency (EPA) and Washington
State Department of Ecology (Ecology) have strict guidance for biosolids disposal, while the Puget
Sound Clean Air Agency (PSCAA) administers air emissions. Each alternative was evaluated based
on permitting feasibility and ease. Alternatives were assigned a score from 1 to 5 based on the
number of permit requirements and difficulty in obtaining permits, with a score of 1 being
attributed to solids handling processes that will require complex permitting efforts and a score of 5
being attributed to the alternatives for which a streamlined permitting process is anticipated.
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CHAPTER 7 CITY OF LYNNWOOD WWTP FACILITY PLAN

Proven Technology (10 Percent). This qualitative criterion was based on the number of
installations of a technology and its history of use in the wastewater industry in the United States.
Each manufacturer was required to submit a reference list for installations within the United
States. A score of 1 indicates a low number of installations and/or minimal application in the
industry and a score of a 5 indicates a high number of installations with a long track record in the
industry.

Staffing (5 Percent). This quantitative criterion was used to compare the alternatives based on the
estimated number of full-time employees (FTEs) needed to operate and maintain the solids
handling system for each alternative. Staffing levels were based on a combination of engineering
judgement, typical staffing needs for established processes, and manufacturer input. Each
manufacturer was required to provide a staffing needs estimate using FTEs as a basis. The lower
the number of FTEs required, the higher the score.

Process Complexity (5 Percent). This qualitative criterion was used to gauge the overall process
complexity of each alternative based on the alternative’s need for subprocesses or subsystems
necessary to support the solids handling process. The more complex the process requirements are,
the lower the score.

CO; Generation (5 Percent). This qualitative criterion was based on the annual natural gas
consumption and the annual truck traffic for each alternative as indirect indicators of CO;
generation. There are several other sources of CO; for each alternative; however, truck traffic and
natural gas consumption are likely to be the two primary sources of CO; emissions. Detailed
calculated projections and modeling of CO, emissions were not performed given the preliminary
nature of technology information available at the time of preparation of this Plan. Furthermore,
electrical power consumption was not included as electricity generation in the Puget Sound region
is generally a low carbon process, and carbon emissions from electricity production are expected to
fall in the future. The lower truck traffic and natural gas consumption, the higher the score.

Total Energy Use (5 Percent). This quantitative criterion was based on the total energy use of each
alternative, measured in kilowatts. Energy use was calculated based on average kilowatt-hours
(kWh) per year for electricity and converting the estimated natural gas use from million BTU per
hour to kWh using a conversion factor of 293.07 kWh per million BTU. The lower the total average
annual energy use, the higher the score.

7.6 TECHNOLOGY CAPITAL COST AND LIFE-CYCLE COSTS BASIS

All costs developed for evaluation of alternatives are in 2021 dollars. The capital costs reflect a
Class 5 opinion of probable cost (applicable for 0 to 2 percent design) as defined by the American
Association of Cost Engineers (AACE) and have an expected accuracy range of -50 percent to

+100 percent. Capital costs were developed using pricing from vendor quotes, comparison to
construction cost data for similar project work, and RS Means online construction cost data. The
costs presented herein represent technology costs for the purpose of comparison and only include
the costs for major equipment. Where the technology requires the construction of a separate
structure, such as a tank, the costs were included. The assumptions made for such non-equipment
costs were $2.50 per gallon for concrete tank construction (includes excavation, formwork,
materials, and labor); $105 per square foot (sf) for aluminum tank covers (material only); and
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$1,000 per cubic yard (CY) for structural concrete (includes excavation, formwork, materials, and
labor).
The following costs are excluded from the evaluation herein:

e Engineering, planning, and permitting.

e Engineering services during construction and construction management.

e Mobilization, demobilization, temporary facilities, startup, and testing.

e Bonds and insurance.

e Contractor overhead and profit.

e Contingency.

e Sales tax.

* Process piping, ducting, valves, and utilities.

e Materials and labor for proposed building(s).

e Civil site work, including demolition and grading.
Annual O&M costs were based on the average annual labor to operate and monitor the process
improvements, utilities, chemicals, and equipment part replacement. The annual O&M costs were
converted to a 30-year net present value in 2021 dollars based on an assumed interest rate of
5 percent and inflation rate of 2 percent, for an effective annual interest rate of 3 percent.

Life-cycle cost was calculated as the sum of the 30-year O&M cost and the technology capital cost,
both in 2021 dollars. The following assumptions were used to develop the O&M costs:

e Labor rate of $50 per hour.

e Electricity rate of $0.086 per kWh.

e Natural gas rate of $1.00 per therm.

e Maintenance cost at 2 percent per year of the equipment purchase price.

e Emulsion polymer cost of $2.50 per pound.

e 12.5-percent liquid sodium hypochlorite solution cost of $0.50 per gallon.

e 93-percent sulfuric acid cost of $8.00 per gallon.

e 50-percent sodium hydroxide cost of $3.00 per gallon.

e Biosolids disposal cost of $85.00 per wet ton.
The opinions of probable cost herein are based on the perception of current conditions at the
project location. These opinions reflect professional opinion of costs at the time this Plan was
prepared and are subject to change as the project design progresses. The Engineer has no control
over variances in the cost of labor, materials, equipment, and services provided by others, or
contractor’s means and methods of executing the work or of determining prices bidding or market

conditions, practices, and bidding strategies. As a result, actual construction costs may vary from
the costs presented herein.
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7.7 STAGE | EVALUATION

Stage | of the evaluation included reviewing all available solids handling technologies that could
meet the future capacity demands and might conceivably fit within the site boundaries. The Stage |
evaluation was intended as an initial screen designed to cast the widest net without eliminating
potentially suitable technologies and/or processes. As a result, the following five alternatives for
the solids handling process were developed:

e Alternative 1 — Enhanced Anaerobic Digestion

e Alternative 2 — Vapor Recompression Drying

e Alternative 3 — Gasification

e Alternative 4 — Heat Drying

e Alternative 5 — Autothermal Thermophilic Aerobic Digestion

7.7.1Shared Unit Processes

Each solids handling process alternative was developed around the above technology types, yet the
alternatives shared several common unit processes. Given that these shared unit processes were
identical in type and sizing for each alternative, they are described separately in the following
sections.

7.7.1.1 WAS EQUALIZATION

To build in operational flexibility while equalizing varying WAS production, WAS equalization
tankage was included as the first unit process shared among all solids handling alternatives. This
tankage would normally provide equalization of WAS but also could be used to provide emergency
aerobic storage of WAS during an outage of any downstream solids handling processes. Sizing the
tankage for the emergency storage condition is more conservative than sizing for WAS
equalization, and as such, storage of the 2050 peak week assuming a thickened WAS solids
concentration of 4 percent (Section 7.7.1.2) was used for sizing the tank. As a result, the tankage
required is a 45-foot-diameter tank with a 35-foot side water depth (SWD) and 5 feet of freeboard.
For Alternative 5, the required tank diameter is 35 feet with a 35-foot SWD and 5 feet of freeboard.
The tank is assumed to be a cast-in-place circular concrete tank with a cone bottom and an
aluminum cover to retain heat, contain odor, and allow for a connection to the odor control
system. During the infrequent scenario in which the tankage is used for emergency aerobic storage
of WAS, some aerobic digestion of sludge is likely; however, this reduction in solids was not
considered to be conservative for the sizing of downstream facilities and equipment. Two main
tank configurations were considered as follows:

e Option A — Mechanical mixing/aeration in a concrete tank. This alternative includes the
space-saving Landia Airlet system that relies on a pair of externally mounted centrifugal
pumps equipped with venturi injection nozzles that entrain air in the hydraulically mixed
contents of the tank. This system requires minimal footprint and no equipment (other than
the nozzles and associated piping) within the tank; therefore, the tank does not need to be
taken out of service to maintain the mixing system.
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Option B — Aeration blowers with diffusers in a concrete tank. This alternative includes the

installation of aeration blowers supplying air to a network of coarse bubble diffusers
installed on the floor of the concrete tank. This alternative will require an additional

footprint to house the blowers, blower electrical/controls, and low-pressure air piping. This

alternative also will require the periodic replacement of diffusers, which will require the

tank to be taken out of service.

A summary of these two alternatives is provided in Table 7-2.

Table 7-2. WAS Equalization Tank Alternatives

Option A Option B
Uptime 85% 85%
Annual Operating Hours 7,450 7,450
Airflow Requirement (scfm) 0 1,665
Total Motor HP 40 150
Electricity Use (kW) 29.8 111.9
Annual Electricity Use (kWh) 222,222 833,333
Staffing Requirement (FTEs) 0.0125 0.0125
Footprint (sf) 2,376 2,563
Total 2021 Technology Capital Cost (rounded to $10,000) $1,420,000 $1,550,000
2021 O&M Cost (rounded to $10,000) $20,000 $80,000
30-Year O&M (2021 dollars, rounded to $100,000) $400,000 $1,600,000
30-Year Life-Cycle Cost (2021 dollars, rounded to $100,000) $1,800,000 $3,200,000

Both alternatives considered can be installed with a metal tank system, in place of a concrete tank,
which will reduce the capital costs listed in Table 7-2. The reduced tank requirements associated
with Alternative 5 will decrease the 30-year life-cycle cost (LCC) of Option A and B by $0.9M and
$1.8M, respectively. Option A was selected as the basis for the evaluation herein given its relative
simplicity, its significantly lower LCC, its compact footprint, and the ability to fully maintain the
system without having to empty the storage tank. Based on this selection, the total 30-year LCC
associated with the WAS equalization process is $1.8M.

7.7.1.2 THICKENING

Thickening is used to thicken the WAS and reduce the sludge volume and flow rate handled in
downstream processes. Thickening reduces the necessary sizes of equipment and improves sludge
dewaterability. It should be noted that gravity thickening of WAS to 1 to 2 percent concentration is
considered in various liquid stream alternatives, which is separate from the mechanical thickening
discussed in this section. Paired with the WAS equalization tank, each solids handling alternative
includes mechanical thickening to increase the WAS concentration from 2 percent to a
conservatively estimated 4 percent. Thickening equipment was conservatively sized to
accommodate 1-percent WAS (Table 7-1) as an additional conservative measure to protect against
possible liquid stream process upsets and/or changes in WAS concentration. It is possible that the
thickened WAS concentration could be as high as 6 percent, but 4 percent was used because it is
typically achievable with WAS only sludge with most thickening technologies regardless of the
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sludge characteristics. Increased solids content in the WAS equalization tank will increase mixing
requirements for the tank, but these are offset by the savings in the reduced footprint of the

overall process.

Thickening can be achieved either as an in-line or as a recuperative process. In-line thickening
includes a direct feed to the thickener that delivers thickened sludge directly to the WAS
equalization tank. Recuperative thickening includes a recycle loop between the thickener and the
tank, the volume of which is used to buffer fluctuations in the WAS solids concentrations.
Recuperative thickening offers more operational flexibility and, once the tank has achieved the
desired %WAS, it only needs to be operated as needed to bring the solids concentration back up to
the desired range (4 percent). The thickening process will be connected to odor control for foul air
evacuation from the equipment and thickening room.

The evaluation herein considered disk (Huber), rotary drum (Andritz), rotary screen (FKC), and
centrifuge (Centrisys) thickening systems. The three former options typically require an estimated
10 pounds of polymer per dry ton of solids, while centrifuge thickeners typically require an
estimated 0.5 pounds per ton. A comparison and summary of the thickening options considered is

presented in Table 7-3.

Table 7-3. Thickening Alternatives

. Rotary Rotary .
Type Disk Drum Screen Centrifuge
Uptime 85% 85% 85% 85.0%
Operating Hours per Year 7,450 7,450 7,450 7,450
Manufacturer Provided Polymer Dose 5-10 8-12 <15 0-0.5
Polymer Dose (lb/ton) 10 10 10 0.5
Annual Polymer Use (Ib) 33,055 33,055 33,055 1,653
Total Motor HP 6.50 7 10 64
Electricity Use (kW) 4.8 4.8 7.5 12.4
Annual Electricity Use (kWh) 36,111 22,222 55,556 92,146
Thickened Solids Concentration (%) 4-6 4 4-6 4
Estimated Solids Capture (%) 95 95 90+ 90-95
Staffing Requirement (FTEs) 0.0125 0.0125 0.0125 0.0125
Footprint (sf) 1,050 900 1,050 625
Total 2021 Technology Capital Cost
(rounded to $10,000) $640,000 $380,000 $420,000 $1,390,000
2021 Annual O&M Cost
(rounded to $10,000) $100,000 $90,000 $100,000 $40,000
30-Year O&M
(2021 dollars, rounded to $100,000) $2,000,000 $1,800,000 $2,000,000 $800,000

-Year Life-Cycl

30-Year Life-Cycle Cost $2,600,000 | $2,200,000 | $2,400,000 | $2,200,000

(2021 dollars, rounded to $100,000)
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The thickening process will consist of fully redundant equipment with two thickeners, two
flocculation tanks, two feed pumps, two discharge pumps, and two polymer make down units. The
thickening process will be connected to odor control for foul air evacuation from the thickening
equipment and thickening room.

Technology capital costs for thickening range from $380,000 to $1,390,000, with the rotary drum
thickener being the lowest capital cost option. The 30-year O&M costs range from $S0.8M to $2.0M,
with centrifuge thickening having the lowest O&M costs, primarily due to low polymer demand.
Despite the variance in capital and O&M costs over 30 years, the 30-year LCC range was tight at
$2.2M to S2.6M. Rotary screen thickening was selected as the basis of this evaluation due to its
more conservative life-cycle cost and because of the City’s familiarity with the rotary screen
manufacturer. Based on this selection, the total 30-year LCC associated with the shared thickening
unit process is $2.4M.

7.7.1.3 DEWATERING

Each alternative, except for Alternatives 2, will require a dewatering process. Dewatering is the
process by which excess water from the thickened sludge is removed by mechanical means,
resulting in the production of dewatered sludge (DS) that can be further processed for additional
volume reduction. Three dewatering technologies were considered: screw press (FKC), rotary press
(Fournier), and centrifuge (Centrisys). Screw press and rotary press use an estimated 25 pounds of
polymer per ton of sludge and can produce an estimated 15-percent DS concentration processing
WAS only, and an estimated 20 percent with a sludge that has been digested. Centrifuges typically
require an estimated 20 pounds of polymer per ton and can produce 20-percent DS processing
WAS only. A summary of the dewatering technologies evaluated is provided in Table 7-4.
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Table 7-4. Dewatering Alternatives

Rotary
Press

Screw Press

Centrifuge

Equipment Capacity (dry lbs/day) 20,880 18,100 35,640
Uptime 85.0% 85.0% 85.0%
Annual Operating Hours 7,451 7,451 4,452
Manufacturer Provided Polymer Dose 10-12 <30 18 -22
Polymer Dose (Ib/ton) 25 25 20
Annual Polymer Use (Ib) 82,638 82,638 66,110
Total Motor HP 32 7.5 50
Electricity Use (kW) 2.6 5.6 14
Annual Electricity Use (kWh) 23,139 41,673 126,148
Dewatered Solids % Range from Manufacturer 15-16 16 - 20 17-20
Dewatered Solids % Used in Analysis 15.5 18.0 18.5
Estimated Solids Capture (%) 96 92+ 90-95
Staffing Requirement (FTEs) 0.025 0.025 0.025
Footprint (sf) 1,400 1,375 500
Total 2021 Technology Capital Cost (rounded to $10,000) $800,000 $910,000 $870,000
2021 Annual O&M Cost (rounded to $10,000) $230,000 $230,000 $200,000
30-Year O&M (2021 dollars, rounded to $100,000) $4,500,000 | $4,500,000 | $3,900,000
30-Year Life-Cycle Cost (2021 dollars, rounded to $100,000) | $5,300,000 | $5,400,000 | $4,800,000

Screw press dewatering was selected as the basis of this evaluation due to the City’s familiarity
with the equipment that is currently installed at the WWTP. The dewatering process will consist of
two fully redundant screw presses, feed pumps, flocculation tanks, and polymer make down units.
The dewatering process will be connected to odor control for foul air evacuation from the
dewatering equipment, conveyors, and dewatering room.

Capital costs for dewatering are in a relatively close range from $800,000 to $910,000, with the
rotary press being the lowest capital cost option. The 30-year O&M costs range from $3.9M to
S4.5M with centrifuge having the lowest O&M costs, primarily due to low polymer demand. The
30-year LCC range ranges from $4.8M to $5.4M. Screw press dewatering was selected as the basis
of this evaluation due to its more conservative life-cycle cost and because of the City’s familiarity
with the equipment and matching existing equipment. Screw press dewatering is the most
conservative approach as a DS concentration of 15 percent requires downstream equipment to be
sized for the worst-case sludge dewaterability, making downstream processes more conservatively
sized. Based on this selection, the total 30-year LCC associated with the shared dewatering unit
process is $5.4M.

7.7.1.4 DEWATERED SLUDGE STORAGE

Downstream of the dewatering process, DS must be stored and mixed to attenuate solids
production peaks and give the process the ability to dewater while downstream processes are
temporarily offline for maintenance. Given the simplicity of this unit process and the lack of
significant differences among manufacturers and types of storage, multiple options were not
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considered. The DS storage process assumed for the evaluation herein includes a 53 CY live-bottom
hopper, discharge screw, and one DS piston pump sitting below the hopper. The DS pump will
discharge DS either to the downstream processes as required or to a truck/trailer for off-site
disposal. At 15-percent solids, the hopper provides 1.3 days of storage. Schwing Bioset was used as
the basis for the evaluation herein, with an estimated 2021 capital cost of $610,000. The annual
2021 O&M cost was estimated at $20,000, which equates to a 30-year O&M cost of $400,000 in
2021 dollars. The 30-year life-cycle cost is $1,000,000.

7.7.1.5 SOLIDS HANDLING PROCESS ODOR CONTROL

Odor control is an important aspect of solids handling, especially due to the residential setting of
the WWTP. Each alternative is expected to produce typical foul odors. It is assumed that two-stage
chemical scrubbing followed by activated carbon is used for odor control as it is considered the
best available control technology (BACT) by PSCAA; therefore, it will be the easiest to permit. An air
discharge permit will be required for odor control emissions. Two-stage chemical scrubbing uses
sulfuric acid to remove odorous compounds in the first stage, and sodium hydroxide and
hypochlorite in the second stage. Activated carbon acts as a final polishing step, absorbing any
remaining odorous compounds to ensure that the WWTP minimizes its odor output. The summary
of estimated odor control costs and footprints is presented in Table 7-5.

Table 7-5. Odor Control Cost and Footprint Estimates
Two-Stage Chemical Two-Stage Chemical Activated Carbon Activated Carbon

Airflow Rate

Scrubber Cost Scrubber Footprint Polishing Cost Polishing Footprint
0-10,000 S35 - S65 per scfm . 36 $25 - $30 per scfm . y-14
scfm diameter vessels diameter vessel
10,000 — 5 -10’
20,000 scfm 225 - 535 per scfm diameter vessels
8’ —-14’
diameter vessels

$15 - $20 per scfm 12’ — 14’ vessels

20,000+ scfm | $20 - $25 per scfm $10 - $15 per scfm Varies

The high end of the ranges in Table 7-5 for both cost and footprint were utilized to be conservative.
Costs and footprint information are based on 2021 input from BioAir Solutions, which based the
provided information on its extensive installation base across the United States.

The five alternatives varied in their range of airflow rates, but all fell within the 10,000 to

20,000 standard cubic feet per minute (scfm) range, except for heat drying which varied from
12,000 to 27,000 scfm. Specific estimates for each alternative are provided in the respective
alternatives’ sections. Chemical use for odor control is expected to be significant, with unit costs
described in Section 7.6. The following chemical consumptions were used based on similarly sized
facilities in the region:

e 93-percent sulfuric acid at 0.5 gallons per year per scfm.
e 50-percent sodium hydroxide at 0.5 gallons per year per scfm.

e 12.5-percent sodium hypochlorite at 10.0 gallons per year per scfm.

The size of the odor control system will vary between each alternative, but is assumed to be
consistent with respect to the shared unit processes discussed in Section 7.7.1. The WAS
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equalization tank will produce an estimated 6,500 scfm of foul air with an additional 5,000 scfm
included to account for ancillary sources of foul air, including thickening equipment, dewatering
equipment, DS storage, and DS conveyance. The total foul air rate of ancillary sources is estimated
at 11,500 scfm. O&M and capital costs associated with odor control, odor control chemicals, and
odor control chemical storage are included in the technology costs for each of the five alternatives
evaluated.

7.7.2 Alternative 1 — Enhanced Anaerobic Digestion

Anaerobic digestion is a commonly used solids stabilization process that produces Class B biosolids.
Mesophilic microorganisms thrive in the sludge, which is typically heated to 35 degrees Celsius, and
break down organic matter converting it to biogas. Biogas typically contains approximately
65-percent methane, 35-percent carbon dioxide, and traces of hydrogen gas and hydrogen sulfide.
Biogas can be scrubbed to remove water vapor and hydrogen sulfide, with the resultant gas burned
to provide heat to maintain digester temperature. In some instances, biogas is used to produce
both heat and electricity through combined heat and power (CHP); however, CHP was not
considered in this analysis as life-cycle costs are generally unfavorable in the Pacific Northwest due
to relatively low electricity prices. Anaerobic digestion traditionally receives primary sludge and
waste activated sludge. Primary sludge is typically more digestible as the raw organic material
present has not yet been converted to microorganisms. WAS is more difficult to digest, as it
consists largely of living microorganisms that are more difficult to break down. The recommended
liquid stream improvements in Chapter 6 do not utilize primary clarification, thus primary sludge is
not available as a substrate for the anaerobic digestion process, eliminating the potential of
traditional anaerobic digestion.

Enhanced anaerobic digestion relies on hydrolysis to lyse the microbial cellular structures and
enhance the biodegradable carbon content of the WAS. The hydrolysis process works by applying
heat and/or chemicals to the WAS to break open the cells. The basis of this evaluation is the CNP
Pondus process, which uses both heat and sodium hydroxide to hydrolyze WAS using chemical
thermal hydrolysis. The addition of sodium hydroxide reduces the amount of heat required for
hydrolysis. Hydrolysis processes have the added benefit of reducing digester foaming. The
schematic process flow diagram for Alternative 1 is shown in Figure 7-2, with a site layout shown in
Figure 7-3.

WAS is pumped to the WAS equalization tank (45-foot diameter, hydraulically mixed/aerated) from
the liquid stream process(es). Recuperative thickening (rotary screen) is used to maintain a solids
concentration of 4 percent in tank. The 4-percent WAS is transferred to the chemical thermal
hydrolysis process, where caustic and heat are added to increase WAS digestibility. From chemical
thermal hydrolysis, hydrolyzed WAS is then pumped to two anaerobic digesters. Biogas produced is
sent to a boiler to heat the digesters and the chemical thermal hydrolysis process using heat
exchangers. Excess biogas is sent to a flare. The flare and boiler are both considered points of
emission, but due to the small size (less than 10 Metric Million British Thermal Units per hour
(MMBTU/hr)), significant air permitting will likely not be required. Digested sludge is then
dewatered (screw press) to produce a Class B biosolid at a minimum 20-percent solids content,
which is feasible with any of the dewatering technologies discussed in Section 7.7.1. Digested
sludge is expected to be more dewaterable than undigested WAS, improving the DS solids content

7 - 1 6 J:\DATA\LYNN\20-0054\10 REPORTS\LYNNFP_CH7.DOCX (12/7/2022 10:10 AM)
PREPARED BY BHC CONSULTANTS



CITY OF LYNNWOOD WWTP FACILITY PLAN EVALUATION OF WWTP SOLIDS HANDLING ALTERNATIVES

from 15 percent to an estimated 20 percent with screw presses. Enhanced anaerobic digestion
includes connections to the solids handling odor control system; 5,000 scfm was assumed for the
digester support equipment in addition to the odor control connections to ancillary equipment.
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Alternative 1 includes two fully redundant digesters, which are assumed to operate with a

100 percent uptime due to the difficulty of stopping and starting the process. The digesters are
assumed to be cast-in-place concrete 60-foot-diameter digesters with a cone bottom and a 40-foot
SWD, resulting in a solids retention time (SRT) of 15 days at 2050 maximum month WAS
production. Each digester includes a dual membrane cover for biogas collection with the associated
gas collection and gas safety piping and equipment. The digesters are assumed to be mixed
hydraulically. A digester support building, preliminarily sized at 6,175 square feet (sf), is included to
house mixing pumps, recirculation pumps, chemical thermal hydrolysis equipment, heat
exchangers, boilers, and gas safety equipment. In addition to the digester support building,
structures will be required to house the thickening process, the odor control system, and the
dewatering/sludge storage. Such structures and buildings are not included in the costs provided
herein. Figure 7-3 illustrates the proposed layout of the major equipment and structures associated
with enhanced anaerobic digestion. All tanks, including anaerobic digesters and WAS equalization,
are shown with a 5-foot buffer around the tanks to account for additional clearances and tank
appurtenances. A detailed summary of the design criteria for enhanced anaerobic digestion is
shown in Table 7-6.

Table 7-6. Enhanced Anaerobic Digestion Technology Summary

Parameter Value
Uptime 100.0%
Yearly Operating Hours 8,766
Annual Natural Gas Use (therm/yr) 0
Total Motor HP 120
Electricity Use (kW) 108.0
Digester Equipment Annual Electricity Use (kWh) 946,601
Odor Control Annual Electricity Use (kWh) 565,873
Annual Biogas Production (scfm) 45
Annual 50% Sodium Hydroxide Requirement (Pondus) (gal/year) 52,596
Annual 93% Sulfuric Acid Requirement (Odor Control) (gal/year) 7,758
Annual 50% Sodium Hydroxide Requirement (Odor Control) (gal/year) 7,626
Annual 12.5% NaOCl Requirement (Odor Control) (gal/year) 164,363
Foul Air Production (scfm) 16,500
Digested Sludge Concentration (%) 2-25%
Digested Sludge Flow Rate (gpm) 38
Digested Sludge Loading (lbs/hr) 633-792
Staffing Requirement (FTEs) 2
Footprint (sf) 6,175
Sludge Production (dry Ibs/day) 12,598
Biosolids Production @ 20% TS (wet tons/week) 220
Trucks per Week 8.82

The cost summary of Alternative 1 is provided in Table 7-7.
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EVALUATION OF WWTP SOLIDS HANDLING ALTERNATIVES

Table 7-7. Alternative 1 Cost Summary

Parameter Cost ‘
Total 2021 Technology Capital Cost (rounded to $10,000) 2 $15,140,000
2021 Enhanced Anaerobic Digestion Technology Capital Cost (rounded to $10,000) $10,870,000
Hydrolysis Equipment (rounded to $1,000) $2,220,000
Concrete Tankage (rounded to $1,000) $4,806,000
Digester Heating Equipment (rounded to $1,000) $787,000
Digester Mixing Equipment (rounded to $1,000) $364,000
Digester Covers (rounded to $1,000) $2,513,000
Gas Storage/Safety Equipment (rounded to $1,000) $178,000
2021 Odor Control Equipment (rounded to $10,000) $910,000
2021 WAS Equalization Capital Cost (rounded to $10,000) $1,420,000
2021 Thickening Capital Cost (rounded to $10,000) $420,000
2021 Dewatering Capital Cost (rounded to $10,000) $910,000
2021 DS Storage Capital Cost (rounded to $10,000) $610,000
2021 O&M Cost (rounded to $10,000)> $2,230,000
2021 Enhanced Anaerobic Digestion Equipment O&M Cost (rounded to $10,000)* $1,630,000
2021 Odor Control O&M Cost (rounded to $10,000) $230,000
2021 WAS Equalization O&M Cost (rounded to $10,000) $20,000
2021 Thickening 0&M Cost (rounded to $10,000) $100,000
2021 Dewatering O&M Cost (rounded to $10,000) $230,000
2021 DS Storage O&M Cost (rounded to $10,000) $20,000
30-Year O&M (2021 dollars, rounded to $100,000) 3 $43,700,000
30-Year Life-Cycle Cost (2021 dollars, rounded to $100,000) 3 $58,800,000
Notes:
1. Includes biosolids disposal costs.
2. 2021 US Dollars rounded to nearest $10,000.
3. 2021 US Dollars rounded to nearest $100,000.

Costs in Table 7-7 were developed using the cost criteria and assumptions listed in Section 7.6
combined with manufacturer proposals/quotes and engineering judgement. Costs were developed
in 2021 US Dollars. The technology cost for enhanced anaerobic digestion is $10.9M with an annual
O&M cost of $1.6M. When combined with the other processes shown in Figure 7-2, the total
equipment 2021 capital cost to implement Alternative 1 is $15.1M, with an annual O&M cost of
$2.2M, for a 30-year LCC of $58.8M.

7.7.2.1 ALTERNATIVE 1 CRITERIA ASSESSMENT

This section describes how Alternative 1 performed against each criterion and summarizes general
advantages and disadvantages of the alternative.

1. Technology Capital Cost (15 Percent) — The total technology capital cost for Alternative 1 in
2021 US dollars is estimated at $15.1M. This number is based on WAS equalization in
concrete tanks with mechanical mixing and aeration, rotary screen thickening, CNP Pondus
thermal hydrolysis, concrete anaerobic digesters, and screw press dewatering.
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11.

Footprint (15 Percent) — Anaerobic digestion requires a significant footprint for tankage and
ancillary equipment and does not fit within the allotted footprint (Figure 7-3). It is possible
that the necessary space could be made available by creating a building with multiple floors,
but this will add complexity and cost. Phasing also can be explored where a single digester is
constructed and brought online, then the existing incinerator building demolished to make
space for the second digester.

Nutrient Side Stream (10 Percent) — Enhanced anaerobic digestion by its nature produces
high quantities of ammonia and soluble phosphate. This nutrient load will largely end up in
the dewatering filtrate stream and recycled to the plant headworks. The liquid stream
process will need to be able to accommodate this increase in nitrogen loading, or side
stream treatment will be necessary.

Truck Traffic (10 Percent) — Alternative 1 will generate an estimated 8.8 trucks per week of
Class B biosolids based on 2050 maximum month sludge production.

Technology 30-Year O&M Cost (10 Percent) — The 30-year O&M cost in 2021 US dollars is
estimated at $43.7M. The highest cost item is sludge disposal, which is due to the high
volume and low solids concentration of the final product.

Regulatory (10 Percent) — The regulatory burden associated with Alternative 1 is expected
to be low, with standard PSCAA permits required for odor control, boilers, and flare. The
WWTP will likely be covered under the Washington State Biosolids General Permit.

Proven Technology (10 Percent) — Anaerobic digestion is a commonly used and well proven
solids stabilization technology in the wastewater industry. Thermal hydrolysis is a well
understood and commonly used process that enhances and stabilizes the biological
digestion process.

Staffing (5 Percent) — An estimated 2.0 full-time employees are needed to operate and
maintain all the unit processes associated with enhanced anaerobic digestion.

Process Complexity (5 Percent) — Multiple subprocesses are needed to support enhanced
anaerobic digestion. Biogas handling is complex and requires a significant investment in
safety features.

CO; Generation (5 Percent) — Natural gas is typically not needed to support enhanced
anaerobic digestion during normal operation. A natural gas connection to the boilers is
required for startup and to ensure heating of digesters during process upsets. Such natural
gas consumption was not included in the CO; generation. Alternative 1 has the highest truck
traffic at 8.8 trucks per week, which contribute to Alternative 1’s CO; generation.

Total Energy Use (5 Percent) — Enhanced anaerobic digestion has low energy use at an
average of 215 kilowatts (kW) due to minimal aeration needs and minimal natural gas
demands.

The major advantages of Alternative 1 are:

Proven technology;
Few regulatory requirements; and

Low energy use.
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The major disadvantages of Alternative 1 are:
e High volume of solids disposal required/elevated truck traffic;
e Complex process;
e Unable tofit in desired footprint; and
e High O&M costs.

7.7.3 Alternative 2 — Vapor Recompression Drying

Vapor recompression drying is a novel indirect heat drying technology that uses a series of heated
disks to evaporate water and produce 90-percent Class A biosolids. Vapor recompression dryers
can accept sludge with solids content as low as 2 percent, and thus do not require dewatering.
Initially, liquid sludge (2 to 6 percent) is degassed and heated using a heat exchanger. Thereafter,
the heated sludge is sprayed onto the heated disks. The disks slowly rotate, rapidly drying the
sludge on the surface with excess sludge being collected in a trough below before being
recirculated. On the downward motion, the disk contacts a scraper which removes the dried solids
that are collected from each individual disk/scraper and conveyed to a discharge point with a
slow-moving drag-chain style conveyor. Steam and air from the drying process are pulled through a
compressor, which pressurizes the air and steam, thus increasing the temperature. The hot air and
steam pass through a distillation tower, which removes evaporated water and agueous ammonia.
Agueous ammonia can be disposed of offsite, and the water, low in TSS and nutrients, can be
recycled to the headworks. Compressed steam leaves the distillation tower and is used to heat the
disks. As vapor recompression drying has not been previously approved by Ecology for biosolids
treatment at a municipal WWTP and is not identified in the Criteria for Sewage Works Design
(Ecology, August 2008) or “Orange Book,” it may be considered “new and developmental
technology,” as defined by Section G1-5.4.1 of the Orange Book, unless Ecology will consider the
technology to fall under the umbrella of thermal drying. As such, the technology typically is
required to be thoroughly tested in a full-scale or representative pilot installation before approval
can be given for construction and installation of the technology. The schematic process flow
diagram for Alternative 2 is shown in Figure 7-4, with a site layout shown in Figure 7-5.
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CHAPTER 7 CITY OF LYNNWOOD WWTP FACILITY PLAN

As shown in Figure 7-4, WAS is pumped to the WAS equalization tank (45-foot diameter,
hydraulically mixed/aerated) where recuperative thickening (with rotary screen) is used to
maintain a solids concentration of 4 percent. Thickened WAS is pumped directly to the vapor
recompression dryer. Class A biosolids (>90-percent total solids) are produced with an estimated
2.8 trucks per week. As dewatering is not required, no dewatering or dewatered sludge storage is
required. Vapor recompression drying requires 24 planned maintenance days per year, with an
assumed 85 percent uptime on remaining days, resulting in a total uptime of 79.4 percent.

Alternative 2 includes a large 150-foot by 50-foot facility to house the entire vapor recompression
process. The footprint shown for this facility includes tankage and equipment for receiving the
sludge through final Class A biosolids storage for off-site disposal. In addition to the vapor
recompression building, structures will be required to house the thickening process and odor
control system. Such structures and buildings are not included in the costs provided herein. The
WAS equalization tank is shown with a 5-foot buffer around the tank to account for additional
clearances and tank appurtenances. A detailed summary of the design criteria for vapor
recompression drying is shown in Table 7-8.

Table 7-8. Vapor Recompression Drying Technology Summary

Parameter Value
Uptime 79.4%
Yearly Operating Hours 6,962
Natural Gas Use (MMBTU/hr) 1.21
Annual Natural Gas Use (therm/yr) 88,704
Electricity Use (kW) 302
Vapor Recompression Dryer Annual Electricity Use (kwWh) 2,100,000
Odor Control Annual Electricity Use (kWh) 565,873
Total Energy Use (kWh/30 years) 153,829,835
Operating Temperature (°F) Unknown
Annual 93% Sulfuric Acid Requirement (Odor Control) (gal/year) 7,758
Annual 50% Sodium Hydroxide Requirement (Odor Control) (gal/year) 7,626
Annual 12.5% NaOCl Requirement (Odor Control) (gal/year) 164,363
Dryer Foul Air Production (CFM) 5,000
Other Foul Air Production (CFM) 11,500
Total Foul Air Production (CFM) 16,500
Dried Biosolids Concentration (%) 90
Sludge Production (dry Ibs/day) 18,100
Biosolids Production (wet tons/week) 70
Trucks per Week 2.8
Staffing Requirement (FTEs) 3
Footprint (sf) 7,500
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The cost summary of Alternative 2 is provided in Table 7-9.

Table 7-9. Alternative 2 Cost Summary

Parameter Cost

Total 2021 Technology Capital Cost 2 $9,250,000
2021 Vapor Recompression Dryer Equipment Capital Cost $6,500,000
2021 Odor Control Equipment Capital Cost $910,000
2021 WAS Equalization Capital Cost $1,420,000
2021 Thickening Capital Cost $420,000

2021 Annual O&M Cost 2 $1,400,000
2021 Vapor Recompression Dryer Equipment O&M Cost $1,040,000
2021 Odor Control O&M Cost $240,000
2021 WAS Equalization O&M Cost $20,000
2021 Thickening O&M Cost $100,000

30-year O&M Cost? $27,400,000

30-year Life Cycle Cost? $36,700,000

Notes:

1. Includes biosolids disposal costs.
2. 2021 US Dollars rounded to nearest $10,000.
3. 2021 US Dollars rounded to nearest $100,000.

The Sedron Varcor system was used as the basis of the criteria and costs shown in Tables 7-8 and
7-9. Costs in Table 7-9 were developed using the cost criteria and assumptions listed in Section 7.6
combined with manufacturer proposals/quotes and engineering judgement. Costs were developed
in 2021 US Dollars. The technology cost for vapor recompression drying is $6.5M, with an annual
O&M cost of $1.0M. When combined with the other processes shown in Figure 7-4, the total
equipment 2021 capital cost to implement Alternative 2 is $9.3M, with an annual O&M cost of
$1.4M, for a 30-year LCC of $36.7M.

7.7.3.1 ALTERNATIVE 2 CRITERIA ASSESSMENT

This section describes how Alternative 2 performed against each criterion and summarizes general
advantages and disadvantages of the alternative.

1. Technology Capital Cost (15 Percent) — The total technology capital cost for Alternative 2 in
2021 US dollars is estimated at $9.3M. This number is based on WAS equalization in
concrete tanks with mechanical mixing and aeration, rotary screen thickening, and Sedron’s
Varcor vapor recompression dryer. Dewatering and DS storage are not required with vapor
recompression.

2. Footprint (15 Percent) — Vapor recompression drying requires minimal space for ancillary
equipment and fits within the allotted footprint (Figure 7-5).

3. Nutrient Side Stream (10 Percent) — Vapor recompression drying produces high quantities
of agueous ammonia; however, this is planned to be disposed of offsite. Costs of aqueous
ammonia disposal were not included in the evaluation herein. The “filtrate” returned to the
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headworks is low in nutrient content and is not expected to have a detrimental impact on
the liquid stream process.

Truck Traffic (10 Percent) — Alternative 2 will generate an estimated 2.8 trucks per week of
Class A biosolids based on 2050 maximum month sludge production.

Technology 30-Year O&M Cost (10 Percent) — The 30-year O&M cost in 2021 US dollars is
estimated at $27.4M. Staffing and maintenance are the highest costs; however, some
savings is realized through the omission of dewatering and DS storage.

Regulatory (10 Percent) — As vapor recompression drying is a new technology, there are
possibly some regulatory hurdles to gain Ecology approval. PSCAA permitting is not
expected to be required for the vapor recompression process other than for odor control.
The WWTP will likely be covered under the Washington State Biosolids General Permit.

Proven Technology (10 Percent) — Vapor recompression drying is a new technology that has
seen successful pilot tests; however, no full-scale installations for handling municipal sludge
are currently online in the United States.

Staffing (5 Percent) — An estimated 3.0 full-time employees are needed to operate and
maintain all the unit processes.

Process Complexity (5 Percent) — Vapor recompression drying uses complex equipment,
including large compressors, heat exchangers, and distillation towers, some of which are
not conventionally used in wastewater facilities. Complexity is offset by the exclusion of
dewatering and dewatered sludge storage.

CO; Generation (5 Percent) — Alternative 2 uses some natural gas to maintain temperature
in the system, with most of the heat load provided by compression and expansion of gasses.
The 2.8 trucks per week required for sludge hauling contribute to Alternative 2’s CO;
generation.

Total Energy Use (5 Percent) — Energy use is driven by the large compressors and natural
gas use for heating. Alternative 2 uses an estimated average of 617 kW.

The major advantages of Alternative 2 are:

No dewatering stage needed, can accept liquid sludge as low as 2 percent;
Low truck traffic; and

Can fit in allotted footprint.

The major disadvantages of Alternative 2 are:

New technology;
Untested at full scale at municipal sewage facilities; and

High staffing requirement due to atypical equipment and maintenance of numerous
scrapers.
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7.7.4 Alternative 3 — Gasification

Gasification is a thermochemical process for converting biomass into a synthetic gas (syngas) and
char in an oxygen starved environment and without an open flame. Depending on residence time
and how much oxygen is added to the process, gasification can produce either a biochar or an ash
product. Ecoremedy’s Fluid Lift Gasification process was used as the basis for evaluating
gasification. The process relies on a recirculating loop of dried solids that are mixed with incoming
DS to produce a gasifier feed stock that meets the gasifier fuel specification (typically the feed stock
target is 60 to 65 percent total solids). The DS is dried using a high temperature rotary drum dryer.
The feed stock is then distributed onto a slow-moving grate within the gasifier. In the absence of
oxygen, the material on the grate is subjected to controlled heat that releases syngas and other
volatile fractions from the sludge. The syngas is collected and then conveyed to an oxidizer which
adds a regulated amount of oxygen to completely thermally oxidize the material. The heat from
this step is then used to heat the rotary drum dryer. An induced draft fan pulls the heated air
stream through the entire process (gasifier, oxidizer, and dryer). Material that is not converted to
syngas is then collected at the bottom of the gasifier and conveyed for off-site disposal. The gasifier
heat (natural gas consumption) and moving grate can be adjusted as needed to produce either ash
or biochar. The difference between the two is primarily the resulting carbon content. The system
also can tailor the carbon content of the biochar to meet any end use biochar specifications. The
schematic process flow diagram for Alternative 3 is shown in Figure 7-6, with a site layout shown in
Figure 7-7.
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As shown in Figure 7-6, WAS is pumped to the WAS equalization tank (45-foot diameter,
hydraulically mixed/aerated) from the liquid stream process(es). Recuperative thickening (rotary
screen) is used to maintain a solids concentration of 4 percent in WAS equalization. The 4-percent
WAS is then dewatered and stored in the DS storage system before being fed to the gasification
process. The gasification process is highly dependent on the energy content of the sludge, which is
measured in BTU per wet pounds. For this analysis, a lower heating value of 7,500 BTU/lb was
assumed, but it is recommended that this value be verified in a lab once a representative sludge
sample can be provided. The energy content of the sludge is a function of the sludge itself and the
solids concentration. The estimated energy content at 15-percent solids is on the threshold for a
self-sustaining gasification process. The addition of screenings collected at the headworks would
add enough energy to the process for a self-sustaining gasification process; however, this would
only be permitted by Ecology in the ash production mode. To produce biochar, an estimated

0.2 MMBTU/hr of additional energy is required, which was assumed to be in the form of natural
gas for this analysis, resulting in significantly higher natural gas consumption in the biochar
operating mode. If a centrifuge was used to provide 20-percent dewatered sludge, the gasification
process would likely be self-sustaining for both biochar and ash operating modes without the
addition of external energy.

The gasification process converts a significant amount of the carbon present in the sludge to
carbon dioxide. In the ash production scenario, more carbon dioxide is emitted to the atmosphere,
as the inherent energy of the carbon is converted to syngas. The biochar operating mode produces
a final product with about 60-percent carbon content, which can be adjusted to meet any end use
biochar specifications. Ash production mode results in an estimated 0.5 trucks per week, which is
increased to 0.6 trucks per week of biochar at 60-percent carbon content.

Alternative 3 includes a large 100-foot by 50-foot facility to house the gasification process
downstream of DS storage. In addition to the gasification building, structures will be required to
house the thickening process, dewatering process, odor control system, and DS storage. Such
structures and buildings are not included in the costs provided herein. The WAS equalization tank is
shown with a 5-foot buffer around the tank to account for additional clearances and tank
appurtenances. A detailed summary of the design criteria for gasification is shown in Table 7-10.
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Table 7-10. Gasification Technology Summary

Parameter Biochar Ash
Uptime 85.0% 85.0%
Yearly Operating Hours 7,451 7,451
Natural Gas Use (MMBTU/hr) 0.24 0.04
Annual Natural Gas Use (therm/yr) 19,184 3,447
Electricity Use (kW) 110 110
Gasification Annual Electricity Use (kWh) 816,549 816,549
Odor Control Annual Electricity Use (kWh) 565,873 565,873
Total Energy Use (kWh/30 years) 57,444,576 44,342,413
Annual 93% Sulfuric Acid Requirement (Odor Control) (gal/year) 7,758 7,758
Annual 50% Sodium Hydroxide Requirement (Odor Control

(gal/year) Y a ( ) 7,626 7,626
Annual 12.5% NaOCl Requirement (Odor Control) (gal/year) 164,363 164,363
Foul Air Production (scfm) 16,500 16,500
Dried Biosolids Concentration (%) 98 98
Biosolids Production (dry lbs/day) 4,512 3,552
Biosolids Production (wet tons/week) 16 13
Trucks per Week 0.6 0.5
Staffing Requirement (FTEs) 1.5 1.5
Footprint (sf) 5,000 5,000
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The cost summary of Alternative 3 is provided in Table 7-11.

Table 7-11. Alternative 3 Cost Summary

Parameter

Biochar

Total 2021 Equipment Capital Cost 2 $19,170,000 $19,170,000
2021 Gasification Equipment Capital Cost $14,900,000 $14,900,000
2021 Odor Control Equipment Capital Cost $910,000 $910,000
2021 WAS Equalization Capital Cost $1,420,000 $1,420,000
2021 Thickening Capital Cost $420,000 $420,000
2021 Dewatering Capital Cost $910,000 $910,000
2021 DS Storage Capital Cost $610,000 $610,000

2021 Annual O&M Cost* 2 $1,210,000 $1,180,000
2021 Gasification Equipment O&M Cost $610,000 $580,000
2021 Odor Control O&M Cost $230,000 $230,000
2021 WAS Equalization O&M Cost $20,000 $20,000
2021 Thickening O&M Cost $100,000 $100,000
2021 Dewatering O&M Cost $230,000 $230,000
2021 DS Storage O&M Cost $20,000 $20,000

30-Year O&M Cost? $23,700,000 $23,100,000

30-Year Life-Cycle Cost? $42,900,000 $42,300,000

Notes:
1. Includes biosolids disposal costs.
2. 2021 US Dollars rounded to nearest $10,000.
3. 2021 US Dollars rounded to nearest $100,000.

The Ecoremedy Fluid Lift gasification system was used as the basis of the criteria and costs shown
in Tables 7-10 and 7-11. The ash operating mode was selected as the basis for this evaluation
moving forward. Costs in Table 7-11 were developed using the cost criteria and assumptions listed
in Section 7.6 combined with manufacturer proposals/quotes and engineering judgement. Costs
were developed in 2021 US Dollars. The technology cost for gasification is $14.9M with an annual
O&M cost of $0.6M. When combined with the other processes shown in Figure 7-6, the total
equipment 2021 capital cost to implement Alternative 3 is $19.2M, with an annual O&M cost of
$1.2M, for a 30-year LCC of $42.3M. Biochar production mode results in an annual O&M cost
increase of $30k in 2021 US Dollars due to increased disposal cost and natural gas use, which

increases the 30-year LCC by $S0.6M.

7.7.4.1 ALTERNATIVE 3 CRITERIA ASSESSMENT

This section describes how Alternative 3 performed against each criterion and summarizes general

advantages and disadvantages of the alternative.

1. Technology Capital Cost (15 Percent) — The total technology capital cost of gasification in
2021 US dollars is estimated at $19.2M. This number is based on WAS equalization in
concrete tanks with mechanical mixing and aeration, rotary screen thickening, screw press
dewatering, DS storage, and Ecoremedy’s Fluid Lift gasification.
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2. Footprint (15 Percent) — The compact gasification process and associated support
equipment can fit within the allotted footprint.

3. Nutrient Side Stream (10 Percent) — Side stream flows will be produced by both the
thickening and dewatering processes, but neither is expected to produce a significant
nutrient load.

4. Truck Traffic (10 Percent) — Alternative 3 generates an estimated 0.5 trucks of exceptional
quality (EQ) Class A biosolids per week based on 2050 maximum month sludge production.

5. Technology 30-Year O&M Cost (10 Percent) — The 30-year O&M cost in 2021 dollars is
estimated at $23.1M. Maintenance is the highest cost, due to the annual maintenance cost
of 2 percent of the equipment purchase price.

6. Regulatory (10 Percent) — PSCAA permitting will be required and may be challenging to
obtain given the WWTP location and surrounding topography. The WWTP will likely not
require an Ecology biosolids permit when producing ash, as it can be disposed of in a
landfill. Shall biochar be produced, and as Ecology classifies biochar as a biosolid, the WWTP
would likely be covered under the Washington State Biosolids General Permit.

7. Proven Technology (10 Percent) — As a general chemical process, gasification is well
understood and widely used. Gasification has seen very limited use for solids handling at
municipal WWTPs.

8. Staffing (5 Percent) — An estimated 1.6 full-time employees are needed to operate and
maintain the process.

9. Process Complexity (5 Percent) — Gasification requires several complex processes, as well
as material handling challenges due to the back mixing required.

10. CO; Generation (5%) — Natural gas is only needed to start up the process, but otherwise the
dryer and oxidizer are self-sustaining. Ash requires 0.5 trucks per week for sludge hauling.
This criterion does not account for CO, emissions from the gasification process.

11. Total Energy Use (5 Percent) — Energy use is low at an estimated average 211 kW based on
minimal natural gas needs and the few large motors needed to operate the process.

The major advantages of Alternative 3 are:
e Compact footprint;
e Low truck traffic; and
e Low energy use.
The major disadvantages of Alternative 3 are:
e Limited number of municipal sludge installations;
e Complex permitting requirements; and

e High capital costs.

7.7.5 Alternative 4 — Heat Drying

Heat drying is a commonly used process that uses heat to evaporate water from dewatered sludge
to produce a Class A biosolids at a solids concentration of 90 percent or greater. Dryers work by
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heating water, air, or thermal oil with a natural gas boiler and using the heated fluid to dry solids.
Dryers can be either indirect or direct. Direct dryer installations at wastewater facilities in the
region have been primarily belt dryers. Belt dryers use convection heat and distribute extruded
sludge on a conveyor belt. As the conveyor belt travels through the dryer, the extruded sludge dries
when it meets the heated air that is supplied and recirculated throughout the system. Belt dryers
typically use boilers and a heat exchanger to heat the air used for sludge drying, which is typically
at low temperatures in the range of 300 to 400 degrees Fahrenheit. Indirect dryers use paddles,
hollow flights, or disks that contact the sludge. A heated fluid, typically steam or oil, is pumped
through the rotating assembly and the shell of the dryer. Alternative 2, vapor recompression
drying, can be considered a form of indirect drying due to its use of heated rotating disks to dry the
sludge; however, due to the vapor recompression technology and the ability to accept
non-dewatered sludge, it was considered in its own separate category. Dryers that use heat from
the biological process (e.g., Bioforcetech BioDryer) were considered, but are not included in this
analysis due to the excessive footprint requirements making them inapplicable to the WWTP site
limitations (Figure 7-1). The analysis herein includes four established dryer manufacturers as the
basis of evaluation: Huber (direct, belt), Komline Sanderson (indirect, paddle wheel), Kruger (direct,
belt), and Centrisys (direct, compact belt).

The basis of this evaluation is a 15-percent dewatered sludge feed to the dryer. Several
manufacturers noted that this is a relatively low solids concentration, but it is unlikely that higher
solids content could be achieved with WAS alone, unless a centrifuge was used. Increasing the
solids content of the feed sludge to approximately 20 percent helps to reduce the amount of water
the dryer needs to evaporate, which reduces both energy consumption and dryer footprint. The
Centrisys compact belt dryer is most favored with this increase because at 15-percent solids, it will
require a back mixing system to ensure a stable drying process. At 20 percent, no back mixing is
needed, and the dryer size can be reduced by approximately 10 percent. Standard belt dryers and
paddle wheel dryers see a similar reduction in footprint, reduced natural gas and electricity use,
and a 5 percent savings in capital cost; however, as these dryers can operate with feed sludge of
15 percent or lower, the benefits of a centrifuge become minimized. For the purposes of this Plan,
15 percent has been selected as the basis of evaluation as it is a more conservative approach and
allows the City to keep the dewatering technology it currently operates. Should the City opt to rely
on a centrifuge for dewatering, it will reduce the costs associated with the heat drying alternatives.

The schematic process flow diagram for Alternative 3 is shown in Figure 7-8, with a site layout
shown in Figure 7-9.
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As shown in Figure 7-8, WAS is pumped to the WAS equalization tank (45-foot diameter,
hydraulically mixed/aerated) from the liquid stream process(es). Recuperative thickening (rotary
screen) is used to maintain a solids concentration of 4 percent in the WAS equalization tank. The
4-percent WAS is then dewatered and stored in the DS storage system. Dewatered sludge, at

15 percent solids, is fed directly to the dryer, which uses heat from a natural gas boiler to
evaporate water and produce a final product with 90 percent or higher solids content. The dryer
uptime is based on the yearly operating hours provided by the manufacturer, which represents the
minimum necessary to meet 2050 maximum month sludge production. The boiler is below

10 MMBTU/hr; therefore, significant air permitting will likely not be required. However, the
resulting odor control exhaust, in combination with non-dryer sources shown in Figure 7-8, are
expected to require an air permit, as described previously. The necessary foul air flow rate depends
highly on the dryer type and manufacturer. Foul air associated with drying sludge is known for its
odors, thus it is important to include sufficient foul air treatment capacity.

As shown in Figure 7-9, Alternative 4 includes a large 125-foot by 45-foot facility to house the dryer
and its subsystems. The footprint shown is based on the largest footprint dryer, which is the Huber
belt dryer. In addition to the dryer building, structures will be required to house the thickening
process, dewatering process, odor control system, and DS storage. Such structures and buildings
are not included in the costs provided herein. The WAS equalization tank is shown with a 5-foot
buffer around the tank to account for additional clearances and tank appurtenances. A detailed
summary of the design criteria for heat drying is shown in Table 7-12.
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Table 7-12. Heat Drying Technology Summary

Parameter Value

Type Belt ;7::5 Belt Compact Belt
Uptime 92.0% 85.6% 91.6% 85.0%
Yearly Operating Hours 8,064 7,500 8,030 7,451
Natural Gas Use (MMBTU/hr) 5.94 5.68 7.23 7.78
Annual Natural Gas Use (therm/yr) 505,826 449,777 613,081 612,266
Dryer Electricity Use (kW) 142 172 129 182
Dryer Annual Electricity Use (kWh) 1,145,088 1,290,000 1,035,870 1,356,100
(CI)((\iAc/)rr\)ControI Annual Electricity Use 898 538 404,685 438775 929,404
Total Energy Use (kWh/30 years) 455,495,637 413,177,519 541,518,170 550,446,448
Operating Temperature (°F) <293 385 <338 194
Annual 93% Sulfuric Acid Requirement

(Odor Control) (gal/year) g 12,319 5,548 6,015 12,742
Annual 50% Sodium Hydroxide

Requirement (Odor Control) (gal/year) 12,110 2454 2913 12,526
Annual 12.5% NaOCI Requirement 260,988 117,544 127,446 269,953
(Odor Control) (gal/year)

Dryer Foul Air Production (CFM) 14,700 300 1,294 15,600
Other Foul Air Production (CFM) 11,500 11,500 11,500 11,500
Total Foul Air Production (CFM) 26,200 11,800 12,794 27,100
Dried Biosolids Concentration (%) 92 92 92 92
Sludge Production (dry Ibs/day) 18,100 18,100 18,100 18,100
Biosolids Production (wet tons/week) 69 69 69 69
Trucks per Week 2.8 2.8 2.8 2.8
Staffing Requirement (FTEs) 2 2 2 2
Footprint (sf) 5,625 2,200 5,525 2,500
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The cost summary of Alternative 4 is provided in Table 7-13.

Table 7-13. Alternative 4 Cost Summary

Type Belt Paddle Wheel Belt Compact Belt
Total 2021 Equipment Capital Cost 2 $7,740,000 $7,920,000 $9,180,000 $8,220,000
2021 Dryer Equipment Capital Cost $3,330,000 $3,910,000 $5,110,000 $3,770,000
2021 Odor Control Capital Cost $1,050,000 $650,000 $710,000 $1,090,000
2021 WAS Equalization Capital Cost $1,420,000 $1,420,000 $1,420,000 $1,420,000
2021 Thickening Capital Cost $420,000 $420,000 $420,000 $420,000
2021 Dewatering Capital Cost $910,000 $910,000 $910,000 $910,000
2021 DS Storage Capital Cost $610,000 $610,000 $610,000 $610,000
2021 Annual O&M Cost* 2 $1,910,000 $1,690,000 $1,870,000 $2,070,000
2021 Dryer Equipment O&M Cost $1,180,000 $1,150,000 $1,320,000 $1,320,000
2021 Odor Control O&M Cost $360,000 $170,000 $180,000 $380,000
2021 WAS Equalization O&M Cost $20,000 $20,000 $20,000 $20,000
2021 Thickening O&M Cost $100,000 $100,000 $100,000 $100,000
2021 Dewatering O&M Cost $230,000 $230,000 $230,000 $230,000
2021 DS Storage O&M Cost $20,000 $20,000 $20,000 $20,000
30-Year O&M Cost? $37,400,000 $33,100,000 $36,700,000 $40,600,000
30-Year Life-Cycle Cost? $45,100,000 $41,000,000 $45,900,000 $48,800,000

Notes:
1. Includes biosolids disposal costs.

2. 2021 US Dollars rounded to nearest $10,000.
3. 2021 US Dollars rounded to nearest $100,000.

Costs in Table 7-13 were developed using the cost criteria and assumptions listed in Section 7.6
combined with manufacturer proposals/quotes and engineering judgement. Costs were developed
in 2021 US Dollars. The technology cost for heat drying is $4.0M, with an annual O&M cost of
$1.2M. The capital and O&M costs are based on an average of the four dryers evaluated. When
combined with the other processes shown in Figure 7-8, the total equipment 2021 capital cost to
implement Alternative 4 is $9.3M, with an annual O&M cost of $1.9M, for a 30-year LCC of $45.2M.

7.7.5.1 ALTERNATIVE 4 CRITERIA ASSESSMENT

This section describes how Alternative 4 performed against each criterion and summarizes general
advantages and disadvantages of the alternative.

1. Technology Capital Cost (15 Percent) — The total technology capital cost of heat drying in
2021 US dollars is estimated at $8.3M, which is an average of the four dryer vendor
packages. This number is based on WAS equalization in concrete tanks with mechanical
mixing and aeration, rotary screen thickening, screw press dewatering, DS storage, and a

heat dryer.

2. Footprint (15 Percent) — The dryer process and support equipment can fit within the

allotted footprint.
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3. Nutrient Side Stream (10 Percent) — Side stream flows will be produced by both the
thickening and dewatering processes, but neither is expected to produce a significant
nutrient load.

4. Truck Traffic (10 Percent) — Alternative 4 will generate an estimated 2.8 trucks per week of
Class A biosolids based on 2050 maximum month sludge production.

5. Technology 30-Year O&M Cost (10 Percent) — The 30-year O&M cost in 2021 US dollars is
estimated at $37M, which is an average of the four dryer vendor packages. The largest
O&M cost is natural gas, which is needed to provide heat for the drying process.

6. Regulatory (10 Percent) — Permitting for heat drying is expected to be feasible given
multiple municipal sludge drying facilities in the region use this technology and because
Ecology considers heat drying a proven technology. PSCAA will require a permit for
discharge of exhaust air, which will pass through an odor scrubber. The WWTP will likely be
covered under the Washington State Biosolids General Permit.

7. Proven Technology (10 Percent) — Heat drying has been used extensively at municipal
WWTPs with several installations in the region.

8. Staffing (5 Percent) — An estimated 2.1 full-time employees are needed to operate and
maintain the process.

9. Process Complexity (5 Percent) — Heat dryers are somewhat complex due to the need for
boilers and heat recirculation systems. Dryers are also highly sensitive to the solids
concentration of feed sludge and prefer consistent dewatering performance.

10. CO; Generation (5 Percent) — Significant quantities of natural gas are needed to operate
heat dryers. This is partially offset by the low truck traffic required at 2.8 trucks per week.

11. Total Energy Use (5 Percent) — Energy use at an estimated average 1,983 kW is high due to
the large quantities of natural gas needed to operate the heat drying process.

The advantages of Alternative 4 are:
e Low truck traffic;
e Proven technology with several local installations;
e Permitability; and

e Low technology capital costs.

The disadvantages of Alternative 4 are:
e Large carbon footprint and high natural gas use; and
e High O&M cost.

7.7.6 Alternative 5 — Autothermal Thermophilic Aerobic Digestion

The final alternative considered was autothermal thermophilic aerobic digestion (ATAD). ATAD is
an advanced method of aerobic digestion at high temperatures, which allows significant volatile
solids reduction (VSR) to be achieved at a short SRT, which greatly reduces the digestion tankage
volume compared to other digestion methods. The resulting VSR reduces solids loading to the
downstream solids handling processes. Ultimately, the process was evaluated as a standalone
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biological sludge treatment process like Alternative 1 due to site layout constraints for coupling
with other solids handling systems.

ATAD, like all aerobic digestion processes, promotes endogenous decay of thickened WAS through
oxidation of volatile solids. Comparable to conventional aerobic digestion, compressed air diffused
into the sludge provides dissolved oxygen for use as the electron acceptor in the microbial
oxidation reduction process. Oxidizing volatile solids release heat. Unlike conventional aerobic
digestion, the heat is retained in the reactor from the digestion of substrate through covers and
insulation. The generated heat creates a biochemical condition that leads to considerably higher
reaction rates, but the ammonia generated through endogenous decay is not oxidized. The high
reaction rates result in lower detention times in comparison to traditional aerobic digestion and
high-rate anaerobic digestion processes. Within the aerated and mixed ATAD reactor, the
temperature will stabilize between 55 and 70 degrees Celsius, which is the thermophilic operating
range. The process does not require any additional external heat source and is therefore termed
“autothermal.” The ATAD system can generate Class A biosolids in approximately 8 to 12 days SRT,
depending on operations. The decreased SRT results in reduced reactor volume and is the primary
reason why ATAD has been utilized. However, newer installations are often retrofits of existing
aerobic digestion systems that were approaching capacity.

The schematic process flow diagram for Alternative 5 is shown in Figure 7-10, with a site layout
shown in Figure 7-11.
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CHAPTER 7 CITY OF LYNNWOOD WWTP FACILITY PLAN

As shown in Figure 7-10, WAS is pumped from the liquid stream process to the WAS equalization
tank (45-foot diameter, hydraulically mixed/aerated). Recuperative thickening (rotary screen) is
used to increase the WAS solids content to 4 percent. Thickened WAS then enters the ATAD
process. The layout for ATAD is illustrated in Figure 7-11. The two ATAD reactors measure 65 feet
by 30 feet, with the simultaneous nitrification/denitrification reactor measuring 65 feet by 60 feet.
The WAS equalization tank is shown with a 5-foot buffer around the tank to account for additional
clearances and tank appurtenances. The ATAD reactors are insulated and covered with aluminum
covers to hold in heat. The ATAD support building, sized at 60 feet by 25 feet, houses all the
necessary pumps, foam busters, blowers, and control panels necessary to maintain the ATAD
process.

Thermal Process Systems’ ThermAer ATAD system was used as the basis for evaluating ATAD. Most
ATAD systems installed are proprietary systems, and ThermAer has approximately 40 installations
in the United States. The ThermAer ATAD process operates in semi-batch mode, using two identical
reactors that operate sequentially where one is decanted then filled, while the other aerates a
retained volume achieving solids destruction. Due to the inclusion of a second ATAD reactor, the
size of the upstream WAS equalization tank was reduced from 45 feet to 35 feet, as maintenance
activities can be coordinated around the batch operation of ATAD, reducing the emergency aerobic
storage volume used to size the WAS equalization tank. The ATAD reactors were assumed to
achieve a volatile solids destruction of 50 percent, consistent with typical ATAD operation.

The ATAD process does not nitrify the digested sludge as the high temperatures are unable to
support nitrifier growth. ThermAer includes a simultaneous nitrification/denitrification reactor
downstream of the ATAD reactors, which uses low dissolved oxygen concentrations to nitrify and
denitrify the sludge, reducing nutrient recycle to the plant headworks. ATAD processed sludge is
typically recommended to be held and allowed to cool to improve dewaterability, which is also
achieved in the simultaneous nitrification/denitrification reactor. The sludge is finally discharged
from the system for dewatering and hauling. Due to the digested nature of the sludge, improved
dewaterability is realized, with an estimated 20-percent solids content of Class A biosolids with a
screw press. A detailed summary of the design criteria for ATAD is shown in Table 7-14.
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Table 7-14. ATAD Technology Summary

Parameter Value

Uptime 85.0%
Yearly Operating Hours 8,766
Total Motor HP 380
Electricity Use (kW) 219.1
ATAD Annual Electricity Use (kWh) 1,920,485
Odor Control Annual Electricity Use (kWh) 908,827
Annual 93% Sulfuric Acid Requirement (Odor Control) (gal/year) 12,460
Annual 50% Sodium Hydroxide Requirement (Odor Control) (gal/year) 12,248
Annual 12.5% NaOCI Requirement (Odor Control) (gal/year) 263,976
Foul Air Production (scfm) 26,500
Staffing Requirement (FTEs) 1
Footprint (sf) 9,360
Sludge Production (dry Ibs/day) 10860
Biosolids Production @ 20% TS (wet tons/week) 190
Trucks per Week 7.60
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CHAPTER 7 CITY OF LYNNWOOD WWTP FACILITY PLAN

The cost summary of Alternative 5 is provided in Table 7-15.

Table 7-15. Alternative 5 Cost Summary

Parameter Cost

Total 2021 Equipment Capital Cost? $12,210,000
2021 ATAD Equipment Capital Cost $7,790,000
ThermAer Equipment Package $3,676,000
Concrete Tankage $3,501,000
Tank Covers $615,000
2021 Odor Control Equipment Cost $1,060,000
2021 WAS Equalization Capital Cost $1,420,000
2021 Thickening Capital Cost $420,000
2021 Dewatering Capital Cost $910,000
2021 DS Storage Capital Cost $610,000
2021 Annual O&M Cost* 2 $2,000,000
2021 ATAD Equipment O&M Cost $1,260,000
2021 Odor Control O&M Cost $370,000
2021 WAS Equalization O&M Cost $20,000
2021 Thickening O&M Cost $100,000
2021 Dewatering O&M Cost $230,000
2021 DS Storage O&M Cost $20,000
30-Year O&M Cost® $39,200,000
30-Year Life-Cycle Cost® $51,400,000
Notes:
1. Includes biosolids disposal costs.
2. 2021 US Dollars rounded to nearest $10,000.
3. 2021 US Dollars rounded to nearest $100,000.

Costs in Table 7-15 were developed using the cost criteria and assumptions listed in Section 7.6
combined with manufacturer proposals/quotes and engineering judgement. Costs were developed
in 2021 US Dollars. The technology cost for ATAD is $7.8M, with an annual O&M cost of $1.3M.
When combined with the other processes shown in Figure 7-10, the total equipment 2021 capital
cost to implement Alternative 5 is $12.2M, with an annual O&M cost of $2.0M, for a 30-year LCC of
S$51.4M.

7.7.6.1 ALTERNATIVE 5 CRITERIA ASSESSMENT

This section describes how Alternative 5 performed against each criterion and summarizes general
advantages and disadvantages of the alternative.
1. Technology Capital Cost (15 Percent) — The total technology capital cost for ATAD in 2021
US dollars is estimated at $12.2M. This number is based on a 35-foot-diameter WAS
equalization in a concrete tank with mechanical mixing and aeration, rotary screen
thickening, ThermAer’s ATAD process, and screw press dewatering.
2. Footprint (15 Percent) — As shown in Figure 7-11, the ATAD process fits within the allotted
footprint, but the odor control system does not. The current space available would not be
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10.

11.

able to fit a downstream solids handling process like a dryer in the future. It is possible that
a building with multiple floors could address the footprint of the system, but that was not
considered in this analysis.

Nutrient Side Stream (10 Percent) — The simultaneous nitrification/denitrification reactor
removes a significant load of nitrogen that is released during the aerobic digestion process.
As much of this nutrient load is treated before dewatering, there is not expected to be a
significant load of nutrients returned to the headworks. A process upset in this reactor
could have consequences of reduced nutrient removal efficacy in the main liquid stream
process.

Truck Traffic (10 Percent) — Alternative 5 will produce an estimated 7.6 trucks per week of
Class A biosolids based on 2050 maximum month sludge production.

Technology 30-Year O&M Cost (10 Percent) — The 30-year O&M cost in 2021 dollars is
estimated at $39.2M. The highest cost item is biosolids disposal, which is due to the high
volume and low solids concentration of the final product.

Regulatory (10 Percent) — The regulatory burden associated with ATAD is expected to be
low. PSCAA will require a permit for odor control, and the WWTP will likely be covered
under the Washington State Biosolids General Permit.

Proven Technology (10 Percent) — ATAD is a known and understood solids handling process,
but it is not very common, with few installations in the region.

Staffing (5 Percent) — An estimated 1.0 full-time employee is needed to operate and
maintain all the unit processes associated with ATAD.

Process Complexity (5 Percent) — The ATAD process is simple compared to anaerobic
digestion (no biogas handling, boilers, heat exchangers, etc.) but is more complex than
non-digestion processes as it includes both digestion and side stream treatment.

CO; Generation (5 Percent) — No natural gas is needed to support ATAD. However, truck
traffic is high at 7.6 trucks per week.

Total Energy Use (5 Percent) — Alternative 5 has a low annual energy use of 359 kW due to
no natural gas requirement. Energy use for Alternative 5 is driven primarily by aeration.

The advantages of Alternative 5 are:

Class A biosolids production with low detention times;
Few complex regulatory requirements;
Low energy use; and

Sludge dewaterability may increase.

The disadvantages of Alternative 5 are:

Process complexity;
High potential for odor;

Nutrient side stream potential with process upset of a storage nitrification/denitrification
reactor (SNDR) tank; and

Large footprint.
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7.7.7 Stage | Evaluation Scoring Matrix

The five main alternatives, having been evaluated against the 11 evaluation criteria, were assigned
individual scores for each criterion. The individual scores were then totaled, accounting for the
criterion’s weight, into an overall score for the alternative. The scoring matrix is provided in

Table 7-16.
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Table 7-16. Stage 1 Evaluation Scoring Matrix
Alternative 2
Vapor Recompression

Alternative 1

Enhanced Anaerobic

Alternative 3

Alternative 4

Alternative 5

Criteria Unit of Measure Weight . . . Gasification Heat Drying ATAD
Digestion Drying
Value ‘ Score Value Score Value Score Value Score Value Score
Technology Capital Costs Average Cost, Millions of 2021 USD 15% $15.1 2.5 $9.3 4.6 $19.2 1.0 $8.31 5.0 $12.2 3.6
Footprint 1 (fail) or 5 (pass) 15% 1 1 5 5 5 5 5 5 1 1
. . 1 — High Side Stream Nutrient Content 0
Nutrient Side Stream 1-5 5 — Low Side Stream Nutrient Content 10% 1 > > > 3
Truck Traffic Trucks per Week? 10% 8.8 1.0 2.8 3.9 0.6 5.0 2.8 4.0 7.6 1.6
Technology 30-yr O&M Costs Average Cost, Millions of 2021 USD 10% S42 1.0 S27 4.2 S24 5.0 s$37% 2.1 $39 1.6
1 —Most Permit Requirements o
Regulatory 1-5 5 — Least Permit Requirements 10% > 3 1 4 >
1 - Few Number of Installations 0
Proven Technology 1-5 5 — High Number of Installations 10% > 1 3 > 4
Staffing No. of FTEs 5% 2.0 3.4 3.0 14 1.6 4.1 2.1 3.2 1.0 5.0
1_Hi ;
Process Complexity 1-5 High Process Complex‘lty 5% 1 3 2 3 2
5 — Low Process Complexity
. 1 - High CO; Production o
CO; Generation 1-5 5 — Low CO, Production 5% 4 3 4 2 4
Total Energy Use kW 5% 215 5.0 617 4.1 211 5.0 1,983 1.3 359 4.7
Total 100% 2.5 3.7 3.6 4.0 3.0
Notes:
1. Average cost of for dryer options per Section 7.7.5.

2. Based on a truck capacity of 25 wet tons.
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CHAPTER 7 CITY OF LYNNWOOD WWTP FACILITY PLAN

The major conclusions that can be drawn from the Stage | evaluation are the following:

e Vapor recompression drying and heat drying were the two alternatives with the overall
highest score. The relatively compact footprint and low truck traffic paired with the lowest
capital costs make these two alternatives the highest scoring. Given their score, these two
alternatives warranted further in-depth evaluation as part of the Stage Il Evaluation.

e ATAD and enhanced anaerobic digestion both achieve significant solids destruction, but
because the final product is only dewatered, biosolids disposal costs are significant.
Alternatives that achieve high volume reduction (i.e., minimal water in final product) have
significantly lower biosolids disposal costs and truck traffic.

e Gasification has significant regulatory hurdles that may prove challenging to overcome.
While low O&M costs are realized due to low energy inputs, the life cycle costs are relatively
high, as gasification has the highest capital cost. Gasification does have the potential of
being the most energy neutral alternative depending on the LHV of the incoming sludge and
whether ash or biochar is produced.

7.8 STAGE Il EVALUATION

The objective for the second stage of the evaluation herein is to select between either the vapor
recompression drying (Alternative 2) or the heat drying (Alternative 4) solids handling process.
Whereas Alternative 2 is based on a single technology, Alternative 4 encompassed four dryer types;
therefore, it will require further evaluation to define the optimal dryer type to compare against
Alternative 2. Additionally, as part of the Stage Il evaluation, the addition/integration of pyrolysis
into the process was considered as a potential future option to further reduce truck traffic leaving
the site.

7.8.1Future Pyrolysis Integration

Pyrolysis was considered as a future add-on process that would add the ability of converting dried
biosolids (75 to 90 percent) to biochar, and EQ Class A biosolids at >95-percent total solids. Dry
cake, with a minimum solids content of 75 percent is conveyed to pyrolysis unit(s), which thermally
decomposes the dried cake in the absence of oxygen. Pyrolysis produces both syngas and biochar
and requires temperatures of 600 to 1,000 degrees Fahrenheit; however, the syngas produced by
pyrolysis can be used to provide sufficient heat to sustain the process. Natural gas is needed during
startup, but once operational, the heat generated from syngas is sufficient to maintain pyrolysis.
Depending on the application, there is often excess heat that can be used elsewhere —such asin a
shared hydronic loop. Due to the high temperatures of the pyrolysis process, several emerging
contaminants (notably PFAS) are destroyed and not present in the final product. The sizing and
design criteria for pyrolysis are summarized in Table 7-17.
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Table 7-17. Pyrolysis Technology Summary

Parameter Value
Uptime 85.6%
Yearly Operating Hours 7,500
Natural Gas Use (MMBTU/hr) 0.027
Annual Natural Gas Use (therm/yr) 2,112
Annual Electricity Use (kWh) 495,480
Total Energy Use (kWh/30 years) 15,359,571
Annual 93% Sulfuric Acid Requirement (Odor Control) (gal/year) 0
Annual 50% Sodium Hydroxide Requirement (Odor Control) (gal/year) 1,875
Foul Air Production (scfm) 0
Dried Biosolids Concentration (%) 100
Biosolids Production (dry lbs/day) 8,761
Biosolids Production (wet tons/week) 31
Trucks per Week 1.2
Staffing Requirement (FTEs) 0.25
Footprint (including feed hopper, pumps, etc.) (sf) 5,600

The Bioforcetech P3 pyrolysis units were used as the basis of the criteria and costs shown in
Tables 7-17 and 7-18. Per the manufacturer, the system is designed to be operated 7,500 hours per
year, which equates to an uptime of 85.6 percent. As pyrolysis requires a minimum of 75-percent
dry cake, it can expand solids handling capacity by requiring less water evaporation in the upstream
drying process, which is sized to produce 90-percent dried cake. Pyrolysis further reduces the
volume of solids and reduces hauling and truck traffic at the WWTP, reducing the heat dryer truck
traffic from 2.8 to 1.2 trucks per week. Biochar, being an EQ Class A biosolid, can be disposed of at
a lower cost than conventional Class A or B biosolids and it can be sold for a commercial value to
offset operational costs. This is because, as EQ biosolids are defined as such by meeting certain
residual pollutant concentrations, other Class A processes can meet EQ requirements. However,
given the nature of the pyrolysis process by which residual pollutants are removed from the sludge
due to the elevated temperature of the process, pyrolysis can increase the ability to achieve EQ
Class A biosolid classification. Biochar can be used as a soil amendment due to its absorptive
properties (like activated carbon). The market for biochar sales has not been fully developed and is
in its infancy but is seeing growth due to increased financially viable end uses being developed in
local and regional markets. The estimated 2021 pyrolysis capital cost and 2021 annual O&M costs
are $3.9M and $150,000, respectively. These costs result in a 30-year life-cycle cost of 6.8M for the
addition of the pyrolysis system. Included in these costs are dried cake storage (feed to pyrolysis
system), conveyance, pyrolysis reactor, and associated pyrolysis reactor support systems. These
costs do not include system modifications, equipment, and utilities required for the
implementation of a shared hydronic loop with either vapor recompression drying or the heat
dryers. These costs are based on assumptions listed in Section 7.6 combined with manufacturer
proposals/quotes and engineering judgement.
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Table 7-18. Pyrolysis Cost Summary

Parameter Cost

Total 2021 Equipment Capital Cost? $3,900,000
2021 Pyrolysis Equipment Capital Cost $3,900,000
2021 Annual O&M Cost? $150,000
2021 ATAD Equipment O&M Cost $150,000
30-Year O&M Cost? $2,900,000
30-Year Life-Cycle Cost® $6,800,000
Notes:
1. Excludes biosolids disposal costs.
2. 2021 US Dollars rounded to nearest $10,000.
3. 2021 US Dollars rounded to nearest $100,000.

The advantages of adding pyrolysis to the process, whether vapor recompression drying, or heat
drying are:

e Reduction of truck traffic by an additional 50 percent; and

e Produces biochar, a sustainable product with potential commercial value.

The disadvantages of adding pyrolysis to the process are:
e Increased O&M cost;
e Pyrolysis adds process complexity; and

e Permitting requirements.

The addition of pyrolysis is not initially justified because the added permitting requirements,
process complexity, and capital/O&M costs do not outweigh the benefits of reducing already low
truck traffic by an additional 50 percent. The addition of pyrolysis should be considered as a
potential future expansion of the solids handling process to free up additional capacity of either
vapor recompression drying or heat drying. Pyrolysis may also become attractive to the City in the
future should its priorities change to include the desire to produce a sustainable and commercially
viable byproduct such as biochar, or if biosolids regulations change to require removal of emerging
contaminants such as PFAS. For this reason, Pyrolysis Integration was added as a criterion in the
Stage Il evaluation, per Section 7.8.2.

7.8.2 Stage Il Criteria

The Technology Capital Costs, Footprint, Technology 30-Year O&M Costs, Total Energy Use, and
Process Complexity criteria utilized in Stage | were retained, albeit weighted differently. These
criteria were scored similarly to the Stage | evaluation. New and specific criteria were developed
for the Stage Il evaluation, with criteria for Alternatives 2 and 4 that scored the same in Stage |
being removed to ensure a more meaningful evaluation. The following new criteria were added for
the Stage Il evaluation:

¢ Inlet DS Concentration Sensitivity (10 Percent). The inlet sludge solids concentration can
greatly affect equipment sizing. This qualitative criterion is based on the solids
concentration for optimal equipment design and operation, as well as the sensitivity to
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fluctuations in the feed sludge solids concentration. Alternatives were assigned a score
between 1 and 5, with low scores indicative of high inlet DS solids concentration
requirements and high sensitivity to changes, while a high score indicated the ability to
operate at a lower DS concentration.

Dewatering Requirement (10 Percent). This qualitative criterion is based on the need for
dewatering in the alternative. Alternatives that require dewatering are assigned a score of
1, while a score of 5 was assigned if dewatering was not necessary.

Pyrolysis Integration (5 Percent). This qualitative criterion is based on the ability of an
alternative to integrate with a future pyrolysis process. Alternatives were assigned a score
of 1 if integration with pyrolysis was considered infeasible and/or highly complex, and a
score of 5 if pyrolysis was considered highly feasible and/or less complex. The additional
costs of incorporating pyrolysis into the process are not included in the Stage Il evaluation.

The eight Stage Il Evaluation criteria and their associated weights are as follows:

Technology Capital Cost (20 Percent)
Footprint (15 Percent )

Technology 30-year O&M Cost (15 Percent )
Total Annual Energy Use (15 Percent )

Process Complexity (10 Percent )

Inlet DS Concentration Sensitivity (10 Percent )
Dewatering Requirement (10 Percent )

Pyrolysis Integration (5 Percent )

7.8.3 Stage |l Evaluation Matrix

After evaluating the alternatives against the eight evaluation criteria, each was assigned an
individual score for each criterion. The individual scores were then totaled, accounting for the
criterion’s weight, into an overall score for the alternative. The scoring matrix is provided in
Table 7-19.
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Table 7-19. Stage Il Evaluation Scoring Matrix

Alternative 4

Alternative 2

Huber Komline-Sanderson Kruger Centrisys Sedron
Description :
2 Belt Dryer Paddle Wheel Dryer Belt Dryer Compact Belt Dryer Vapor R(Ie)crc‘),:nrpresgon
Value Score Value Score Value Score ‘ Value Score Value Score
Technology Capital Costs Average Cost, Millions of 2021 USD 20% S7.7 5.0 $7.9 4.5 $9.2 1.2 $8.2 3.7 $9.3 1.0
Footprint Footprint of Dryer and Ancillary Equipment, sf 15% 11,800 1.0 8,400 5.0 11,700 1.1 8,700 4.6 10,900 2.1
Technology 30-Year O&M Costs Average Cost, Millions of 2021 USD 15% $37.4 2.0 $33.1 3.3 $36.7 2.2 $40.6 1.0 $27.4 5.0
Total Annual Energy Use Natural Gas and Electrical Power Converted to kW 15% 1,835 1.9 1,617 2.4 2,109 1.2 2,199 1.0 585 5.0
Process Complexity 1.5 |1~ HighProcess Complexity 10% 3 4 3 3 2
5 — Low Process Complexity
. o 1 — High Sensitivity to DS Concentration o
Inlet DS Concentration Sensitivity 1-5 5 — Low Sensitivity to DS Concentration 10% 3 5 4 1 5
1 —
Dewatering Requirement lor5 5_ LZS 10% 1 1 1 1 5
. . 1 — Infeasible/More Complex Integration
| 1- 9 2 1 1
Pyrolysis Integration > 5 — Feasible/Less Complex Integration >% 3 >
Total 100% 2.5 3.6 1.9 2.5 33
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Technology Capital Costs (20 Percent). Total 2021 US Dollar heat dryer equipment costs, including
all unit processes identified in the previous sections, ranged from $7.7M to $9.2M, with the Huber
belt dryer being the lowest capital cost and the Kruger belt dryer being the highest. The highest
odor control requirements for the Centrisys compact belt dryer drove up capital costs for this
alternative. The vapor recompression dryer has similar costs, estimated at $9.3M despite not
requiring dewatering and dewatered sludge storage.

Footprint (20 Percent). The most compact alternative is the Komline-Sanderson paddle wheel
dryer at approximately 8,400 sf. The next largest is the Centrisys compact belt dryer at 8,700 sf. The
Huber and Kruger belt dryers will require almost twice the footprint at 11,800 and 11,700 sf,
respectively. The estimated square footage required to support the vapor recompression dryer is
10,900 sf. These values represent the entire footprint of each alternative, including thickening,
WAS equalization, and dewatering (if applicable).

Technology 30-Year O&M Costs (10 Percent). The Komline-Sanderson paddle wheel dryer has the
lowest O&M costs at $1.7M per year for a 30-year LCC of $41.0M. Its compact footprint and low
odor control requirements compared to other alternatives allow for reduced odor control and odor
control chemical costs. The vapor recompression dryer, because it does not require dewatering and
dewatering sludge storage, had the lowest O&M cost at $1.4M per year for a 30-year LCC of
$36.7M.

Total Energy Use (15 Percent). Based on natural gas and power consumption, the vapor
recompression dryer will consume 585 kW of power on average. While electricity use is higher than
heat drying alternatives, the natural gas consumption is significantly lower, making vapor
recompression drying best in terms of energy use. The highest energy user is the Centrisys compact
belt dryer at a total annual energy use of 2,199 kW. As a result, the highest score was attributed to
the vapor recompression dryer.

Process Complexity (10 Percent). The three belt dryers were assigned a score of 3 for moderate
process complexity as the systems are comparable in terms of technology and equipment type. The
Komline-Sanderson paddle wheel dryer scored higher given the relative lack of motors, fans, and
other maintenance-intensive equipment. Vapor recompression drying uses complex equipment,
including large compressors, heat exchangers, and distillation towers. Complexity is reduced
through the exclusion of dewatering and DS storage, but the equipment is relatively complex and
not commonly used in the municipal wastewater industry.

Inlet DS Concentration Sensitivity (10 Percent). The Huber and Kruger belt dryer require a
minimum of 15-percent DS for operation with a near consistent solids feed. Large fluctuations in
solids content may cause operational issues but can be mitigated with solids storage. The Centrisys
compact belt dryer is sensitive to inlet DS solids concentration. Increasing to 20-percent solids
allows the dryer performance to improve significantly, with no back mixing required. The paddle
wheel dryer can be designed for lower than 15-percent DS solids concentration, although it does
see benefits from increasing the solids concentration as with all dryers. The paddle wheel dryer can
handle some fluctuations in feed solids concentration by changing the elevation of the dryer outlet
weir, which affects the solids residency time in the dryer. Vapor recompression can accept solids in
the form of sludge in the 2 to 6 percent range, thus not requiring dewatering. As a result, the
paddle wheel and vapor recompression dryers performed the best regarding this criterion.
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CHAPTER 7 CITY OF LYNNWOOD WWTP FACILITY PLAN

Dewatering Requirement (10 Percent). Dewatering is required for all heat dryers, whereas it is not
required for vapor recompression drying. As a result, only vapor recompression drying received a
score of 5.

Pyrolysis Integration (5 Percent). Predisposing each dryer for the potential to share the hydronic
loop with a future pyrolysis system is feasible and will allow for the WWTP to further reduce the
respective truck traffic from each alternative by an additional 50 percent. As pyrolysis typically
requires a feed in the 75-percent solids content range, it would extend the capacity of the dryers.
The paddle wheel and vapor recompression dryer will be the most impacted by this upgrade,
especially if done as an expansion later. This is mostly due to the heat source design for these two
alternatives. The Centrisys compact belt dryer scored the highest as reducing the solids production
to 75 percent, rather than 90 percent, will greatly reduce the size and costs of the dryer system.
Such reductions may not be achievable in the other belt dryers; hence they did not score as high.

7.9 RECOMMENDATION AND CONCLUSION

In this chapter, a complex two-stage evaluation has been presented to define the solids handling
process that will allow the City to meet its capacity needs at the existing WWTP site through 2050.
The goal was to identify a core solids handling process and the preferred technology type for each
unit process and establish the associated capital, 0&M, and LCC costs. The process began with the
Stage | evaluation: a full review of applicable technologies that resulted in an evaluation of
enhanced anaerobic digestion, vapor recompression drying, gasification, heat drying, and ATAD.
The addition of pyrolysis also was considered for the heat and vapor recompression technologies.
The result of the Stage | evaluation indicated that the top two alternatives suitable for the City
WWTP site and per the selected criteria were vapor recompression drying and heat drying. These
alternatives (2 and 4) rose to the top of the evaluation in large part due to their lower footprint
requirements and their ability to produce a >90-percent Class A biosolid, further resulting in
reduced truck traffic from the site.

The second stage of this evaluation looked more in depth at vapor recompression drying and heat
drying, using a revised set of criteria for a more focused evaluation relevant to these two
technologies. Heat drying was broken out into three different types of dryers from four
manufacturers (Huber, Kruger, Centrisys, and Komline-Sanderson), while vapor recompression
drying was based on a single manufacturer (Sedron). The Komline-Sanderson paddle wheel dryer
received the highest score of 3.6 in the Stage Il evaluation. Its competitive capital and O&M costs,
small footprint requirement, and minimal odor control requirements propelled this alternative
ahead of its competition. The Komline-Sanderson dryer system’s relative simplicity and proven
industry track record compensate for it being a less desirable candidate for the future expansion
with a pyrolysis system, requiring greater modifications. The large footprint, elevated O&M costs,
and sensitivity to variations in sludge feed resulted in lower scores for belt dryers (conventional
and compact) based on the evaluation criteria. Finally, vapor recompression drying benefits
significantly from not requiring a dewatering step. This reduces costs significantly and allows the
technology to remain competitive with more established drying processes despite its novelty and
relative process complexity.
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CITY OF LYNNWOOD WWTP FACILITY PLAN EVALUATION OF WWTP SOLIDS HANDLING ALTERNATIVES

Given the Stage | and Il evaluation results summarized above, the process schematic and site plan
of the recommended solids handling process with the Komline-Sanderson paddle wheel dryer are
shown in Figures 7-12 and 7-13.
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CHAPTER 7 CITY OF LYNNWOOD WWTP FACILITY PLAN

To summarize the process illustrated in Figure 7-13, WAS is pumped from the secondary treatment
system and equalized in a WAS equalization tank. The 45-foot-diameter WAS equalization tank is
sized for the 2050 peak week of 2-percent WAS production, with a total volume of approximately
415,000 gallons. Mixing and aeration is achieved mechanically, using a recirculation pump with a
nozzle and venturi. Recuperative thickening is used with two rotary screen thickeners (one duty,
one standby) to increase solids content to a conservatively low 4 percent. From the WAS
equalization tank, 4-percent WAS is pumped to two fully redundant screw presses for dewatering.
Dewatered sludge at 15 percent is produced and conveyed to a 53 CY live bottom storage hopper
(allowing for more than 1 day of 2050 maximum month sludge storage). It should be noted that
dewatering and thickening performance and polymer use are heavily dependent on sludge
characteristics; during final design, bench testing, pilot testing, or review of similar installations is
recommended. Storage allows for minor maintenance activities on the dryer without taking any
upstream solids handling processes offline and attenuates fluctuations in dewatered sludge
production to ensure the dryer feed rate is consistent. The live bottom hopper discharges to one of
two fully redundant piston pumps that feed the dewatered sludge to the dryer. The paddle wheel
dryer, heated by a circulating loop of heated mineral oil using a natural gas boiler, dries the solids
to produce Class A 90-percent biosolids. Dried biosolids are collected and then conveyed to a truck
loadout for hauling and disposal offsite. Foul air is collected from the WAS equalization tank,
thickeners, screw presses, DS storage hopper, dryer, and conveyors. A two-stage chemical scrubber
removes odor from the collected air, passing it through an activated carbon filter for final polishing
before discharge to atmosphere. Shall the City opt to add pyrolysis to the process to further reduce
truck traffic leaving the site (by an estimated 50 percent), the pyrolysis system can be located as a
packaged system in the area shown in Figure 7-13. Such a system will include dried cake storage
(feed to pyrolysis system), conveyance, pyrolysis reactor, and associated pyrolysis reactor support
systems.

The recommended solids handling process total 2021 US Dollar equipment cost is $7.9M, with an
annual 2021 US Dollar O&M cost of $1.7M, and a total 30-year LCC of $41.0M. The recommended
process, sized to meet the 2050 maximum month conditions with 85 percent uptime (310 days per
year), will fit in the confined footprint at the site with fully redundant systems upstream of the
dryer process. The recommended process is expected to produce, at the 2050 maximum month
loadings, a maximum of 2.8 trucks per week of biosolids.

The addition of pyrolysis to the recommended heat drying alternative results in a total 2021 US
dollar equipment cost of $11.8M with an annual 2021 US Dollar O&M cost of $1.7M, and a total
30-year LCC of $44.5M. These costs do not include the hydronic heating loop connection between
the dryer and pyrolysis equipment. Biosolids disposal costs are reduced when compared with heat
drying alone due to the reduction in solids production, which also results in slightly lower 1.2 trucks
per week for biosolids hauling.
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8 | RECOMMENDED IMPROVEMENTS
8.1 INTRODUCTION

This chapter presents the details for the proposed improvements to the City of Lynnwood’s (City)
wastewater treatment plant (WWTP). In general, these improvements include:

e Replacement of the existing preliminary treatment system with a new headworks located
uphill from the existing secondary clarifiers;

e Removal of the primary treatment;
e New first and second stage aeration basins;
e Improvements to the existing aeration basins and secondary clarifiers;

e Replacement of the existing solids handling system with a facility, including an indirect dryer
system; and

e Replacement of the existing effluent chlorination system with a new ultraviolet (UV)
disinfection system.

This chapter is intended to provide sufficient detail that plans and specifications can be developed
without substantial changes from the improvements described in this WWTP Facility Plan (Plan), as
is required for Engineering Reports in accordance with Washington Administrative Code (WAC)
173-240-060 for municipal facilities. As the first step in the design phase, a preliminary design for
all improvements recommended in this Plan will be performed due to the complexity of the
improvements, additional information that may be gathered during the survey and geotechnical
study to refine the site layouts, and any updates to regulatory requirements or City planning
numbers that occur in the time between completion of this Plan and the start of the design phase.

8.1.1 Basis for Cost Development

O&M COST ESTIMATES

Annual operations and maintenance (O&M) costs are estimated for each major category of
recommended improvements in this chapter. These costs are planning-level estimates of the O&M
costs based on the projected average annual operating condition for each system. The costs do not
include costs such as administrative, legal, laboratory, permitting, collection system O&M, or other
recurring costs included in the total system operating cost.

Costs for each category of recommended improvements are analyzed at the projected average
annual conditions based on the following categories.

Labor

The number of necessary full-time employees (FTEs) required for both the operation and
maintenance of each system was based on a preliminary review of the Northeast Guide for
Estimating Staffing at Publicly and Privately Owned Wastewater Treatment Plants (Northeast
Guide) as produced by the New England Interstate Water Pollution Control Commission in
November 2008. The Northeast Guide extends on the 1973 Estimated Staffing for Municipal
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CHAPTER 8 CITY OF LYNNWOOD WWTP FACILITY PLAN

Wastewater Treatment Facilities guide produced by the US Environmental Protection Agency (EPA).
The Washington State Department of Ecology (Ecology) has recommended the use of the Northeast
Guide for the purposes of estimating staffing needs on other projects in recent years. A future
staffing analysis is recommended to provide a detailed review of totalized staffing needs, but for
the purposes of this Plan, approximated staffing values are provided based on the size and
complexity of the proposed systems.

Annual staffing costs were assumed to be $104,000 per full-time employee.

Electrical

Electrical usage is estimated for each system based on the major motor loads, as well as the
expected electrical loads associated with the buildings and other items for each system. Usage is
estimated based on expected equipment motor loads and runtimes at the average annual
condition.

Annual electrical costs were developed using the assumptions of an industrial cost for electricity of
$0.086 per kilowatt-hour.

Natural Gas

Where applicable for specific systems (notably the dryer equipment for solids handling), natural gas
usage has been estimated with cost calculated based on $1.00 per therm.

Chemicals

Where applicable for specific systems (such as supplemental carbon addition for denitrification in
the secondary treatment system), the average annual volume, type, and cost of chemical are
estimated.

Maintenance

Normal ongoing maintenance is expected to be completed using the labor estimated in the Labor
category. Material expenses for normal maintenance related to replacement of short-lived items
and wear parts, minor refurbishments, and other normal procedures needed to maintain the
system were calculated based on a percentage of the system costs, as described for each system.
These costs are conservatively estimated to allow for some complete equipment replacements in
addition to normal refurbishments and rebuilds.

Biosolids Hauling
Biosolids hauling is specifically included as an operational cost for the solids handling system, as
further discussed in that section.

Depreciation Costs for Complete System Replacement

To budget for the end of life complete replacement of treatment system components, annualized
depreciation costs are sometimes included in the estimated ongoing annual costs. However,
depreciation is difficult to accurately calculate for complex treatment systems, including many
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components with varying useful lifespans. Further, the assumption of in-kind replacement of
equipment in the distant future may not be accurate as treatment objectives and methods will
change. For the purposes of this Plan, the cost included in the Maintenance category for each
treatment system is estimated conservatively to allow for some equipment replacements through
the life of the system. Complete system replacement is not budgeted through annualized
depreciation due to the unknown future strategies that will be available for both treatment and
funding of improvements.

CAPITAL COST ESTIMATES

Capital costs are estimated for each major category of recommended improvements in this
chapter. Cost estimates prepared by RH2 Engineering, Inc., (RH2) for projects in the Capital
Improvement Plan (CIP) are considered to be Class 4 estimates based on standards established
by the American Association of Cost Engineers (AACE) used for analysis of options. Class 4
estimates are described as generally being prepared with very limited information and
subsequently have wide accuracy ranges. The typical accuracy range for this cost estimate class is
from -30 percent to -15 percent on the low side and from +20 percent to +50 percent on the high
side. The following general assumptions were made as part of estimating capital costs:

e Planning-level cost estimate is in 2021 US dollars with no escalation for inflation.
e Contractor overhead and profit is included in individual cost items.
e Washington State sales tax (WSST) is 10.4 percent.

e Indirect costs are included to capture costs associated with consultant fees for engineering
design, permitting, services during construction, and commissioning. Indirect costs do not
include owner costs. Indirect costs are included as 30 percent of the sum of the subtotal
and WSST.

e Construction costs such as installation, contractor overhead and profit, etc. are embedded
in the capital cost items.

e Contingency is included and is 30 percent of the sum of the subtotal and WSST. A
30-percent contingency is consistent with a Class 4 AACE Estimate.

Other assumptions for cost estimating specific to individual estimates are included in the respective
capital cost discussions.

The opinion of probable planning-level cost herein is based on the current understanding of
conditions at the project location. RH2 and BHC Consultants (BHC) have no control over variances in
the cost of labor, materials, equipment, services provided by others, contractor’s means and
methods of executing the work or of determining prices, competitive bidding or market conditions,
practices, or bidding strategies. RH2 and BHC cannot and do not warrant or guarantee that
proposals, bids, or actual construction costs will not vary from the costs presented as shown. The
cost estimates provided reflect RH2’s and BHC’s professional opinions of costs at this time.
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CHAPTER 8 CITY OF LYNNWOOD WWTP FACILITY PLAN

8.2 WWTP UPPER SITE PREPARATION

8.2.1 Introduction

To accommodate a new headworks and additional aeration basins, the WWTP footprint will need
to be expanded. As noted in Chapter 6, the area uphill from the existing secondary clarifiers is the
only feasible location for this expansion. This will require significant clearing and grading,
realignment of the existing access road and influent gravity sewer piping, and rerouting of Outfall
Creek piping. Due to the complexity of this site preparation, it is described in detail in this section
separately from the proposed WWTP infrastructure improvements.

8.2.2 Description of Improvements

MAJOR EXCAVATION AND GRADING

The upper site topography is ravine-like with steep slopes and significant vegetation, including
large trees. To begin the upper site preparation, clearing of the vegetation will be necessary.
Removal of the vegetation will necessitate substantial sediment and erosion control measures, as
well as temporary and permanent measures to ensure slope stability during excavation and
grading. It is recommended that all clearing and grading work be completed during the summer
months to reduce erosion concerns and minimize sediment transport via vehicles leaving the site.
Permanent erosion control and slope stability measures should be implemented prior to the wet
weather season.

Exhibit C-5 Upper Site Construction Grading Plan in Appendix C estimates the extents of
excavation for the proposed headworks and basins. This approximation is conservative as it
assumes open-cut excavation with temporary vertical shoring installed for the final 15 feet of the
excavation of the headworks and basins. Clearing vegetation and final slope stabilization measures
will need to occur well beyond the extents of the proposed excavation extents.

For conservative planning, it is assumed that excavation will impact Bertola Road and the influent
sewer pipe within the road corridor and will require realignment. Further, the Outfall Creek pipe
and structures must be realigned. These improvements are described later in this section.

A substantial amount of cut and fill will be required for the installation of the proposed
infrastructure. There likely will not be substantial available space onsite for stockpiling of material,
and as such, the majority of earth excavated will be transported from the WWTP and either stored
for potential return and fill or disposed of offsite. Due to the nature of the surrounding residential
area, it is unlikely that large storage or disposal sites will be identified close to the WWTP. Hauling
of material could significantly impact the earthwork costs for the project, and the future design
must consider strategies to reduce the earthwork through temporary shoring or other methods.
Significant hauling trips of fill material on residential roads will also prompt consideration of
potential road repairs or other off-site restoration should the heavy hauling vehicles detrimentally
impact the local roads. The excavation and associated hauling could be significantly reduced with
additional temporary shoring, which should be thoroughly analyzed during the future design.
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The proximity of the residential houses, especially to the southwest of the proposed excavation
area, should be considered with the future design to ensure impacts to these properties are
minimized during construction. This may necessitate specific construction requirements for
excavation and embankment compaction methods to prioritize slope stability and structural
integrity of the surrounding properties.

Exhibit C-6 Upper Site Final Grading Plan in Appendix C shows the approximated final grading of
the site once the headworks and basin construction is complete. Exhibits C-7 and C-8 provide the
approximated cross sections of the temporary and final excavations assuming only the bottom
15 feet of the temporary excavation is vertically shored. A permanent retaining wall will be
required on the south and west faces of the proposed basins to retain the existing steep slopes.

INFLUENT SEWER SYSTEM AND ACCESS ROAD

Exhibit C-9 Upper Site Preparation in Appendix C shows the approximated realignment of Bertola
Road and the gravity influent pipe entering the WWTP relative to the proposed improvements.
Bertola Road will be reconstructed north of the existing road and will require grading and shoring
to establish a new road prism at this location. The new road must be constructed first, while the
existing road remains in service.

The new influent pipe will follow the new Bertola Road alighment. A significant advantage this site
configuration offers is that the headworks will be located at an elevation higher than the other
treatment steps with all influent flow by gravity from the collection system, through the
headworks, to the new aeration basins. Realignment of the new influent pipe will necessitate
reconnection of the existing influent pipes from the City of Edmonds as shown in Exhibit C-9. Due
to the steep gradient of the influent pipe, energy dissipation will need to be considered with the
realignment of the influent pipe. This will likely necessitate a structure to dissipate and align
influent flow into the headworks as shown in the exhibit.

Once the new road and influent pipe is complete, a temporary connection from the new pipe to
the existing pipe will be necessary to reroute flow through the new pipe to the existing headworks.
Once complete, the existing road and influent pipe can be removed and major site excavation can
begin.

OUTFALL CREEK REALIGNMENT

Outfall Creek flows through the WWTP site from southeast to northwest. The open creek
discharges to a catch basin and flows through 24-inch pipe to an outfall to Puget Sound. The
existing piped section of the creek must be rerouted outside the footprint of the proposed
headworks and basins as conceptually shown in Exhibit C-9. This will prompt substantial
considerations as discussed in Chapter 9. However, to fully utilize the existing WWTP site to meet
the needs of the planning period, realignment of the enclosed portion of Outfall Creek is
imperative. This work would be completed in conjunction with the mass excavation of the upper
site.
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SITE STABILIZATION AND LANDSCAPING

Once excavation, shoring, and utility realignments are completed, plantings and other measures
will be necessary to stabilize the site, offset the removal of the existing vegetation, and provide
visual mitigation. This will consist of both temporary measures, such as erosion control measures
for the excavated area until final structure construction can be completed, as well as final measures
such as landscaping of areas that will not be disturbed by the future projects. The type, scope, and
extents of these measures will be considered during the future design and adequate evaluation
should be given to future access for landscape maintenance, which may be limited by the
installation of the headworks and basins. Terracing of slopes or other methods of stabilization that
allow for plantings should be considered. The proposed landscaping will be configured in a way that
limits visibility of the proposed infrastructure from the surrounding residential community.
Landscaping and stabilization methods will be reviewed by the local jurisdiction as discussed in
Chapter 9.

UTILITY EXTENSIONS

As part of the upper site preparation, a new electrical service will be established. This work is
further detailed in 8.7 Electrical and Control System Improvements. Additionally, a larger gas line
must be extended through the site from the mainline in 76 Avenue to support the future solids
handling improvements. This extension is further discussed in 8.6 Solids Handling Improvements
and must be constructed during the upper site preparation.

8.2.3 Capital Cost

The proposed upper site improvements are not expected to change the ongoing operation and
maintenance costs for the facility, and as such, the life-cycle costs are not provided. Table 8-1
provides a summary of the estimated capital costs for preparation of the upper site as described in
this section.

Table 8-1. Upper Site Preparation Capital Costs

Item No. \ Description Total Amount
1 Mobilization $1,090,000
5 CIearing,.Excavation, Shoring, Grading, and $6,140,000

Resurfacing
3 Below-Grade Utility Reconfiguration and Extension $980,000
4 Outfall Creek Realignment $2,000,000
5 New Electrical Service $750,000
Subtotal $10,960,000
Sales Tax (10.4%) $1,140,000
Construction Total $12,100,000
Indirect Costs (30%) $3,630,000
Planning-Level Contingency (30%) $3,630,000
Project Total $19,360,000

1. Mobilization: Mobilization, contractor’s temporary utilities and facilities, temporary bypass,
and demobilization. The mobilization value is 10 percent of the total of items 2 through 5.
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2. Clearing, Excavation, Shoring, Grading, and Resurfacing: Clearing of large trees and
vegetation on the upper portion of the site; mass excavation and shoring as necessary for
the construction of the proposed headworks and basins; final grading and construction of
the realigned entrance road; and stabilization of all final surfaces

3. Below-Grade Utility Reconfiguration and Extension: Realignment of the influent sewer pipe
to the proposed headworks, including an energy dissipation structure.

4. Outfall Creek Realignment: Realignment of the Outfall Creek pipe outside the footprint of
the proposed headworks and basins.

5. New Electrical Service: New electrical service, including transformer and backup generator,
to serve the new headworks and first stage basins. Electrical equipment costs are included
in the secondary treatment cost items.

8.3 PRELIMINARY TREATMENT IMPROVEMENTS

8.3.1 Introduction

The existing headworks facility is undersized for 2050 peak hour flows and lacks adequate
redundancy in preliminary treatment equipment as described in Chapter 5. Moreover, it is located
at an elevation below the existing secondary clarifiers, meaning primary effluent must be pumped
up the hill to facilitate secondary treatment. As stated previously, the only available space at the
WWTP site is uphill of the secondary clarifiers. This area is the only viable location to construct a
new headworks facility and will allow for reconfiguration of the hydraulic profile to provide gravity
flow through the preliminary, secondary, and disinfection processes. This also will allow the
footprint of the existing headworks, Main Plant Pump Station, and primary clarifiers to be
reclaimed for other improvements.

8.3.2 Description of Improvements

LOADING CRITERIA

The headworks infrastructure will be designed to provide capacity for the 2050 peak hour flow of
30 million gallons per day (MGD). The headworks infrastructure must function adequately at
significantly reduced flows as well. The future design should consider the range of possible flows to
the headworks to ensure that, for example, influent channels maintain solids suspension at low
flows while adequately passing peak flows. The analysis in this chapter serves to provide a basic
size and layout of the headworks for the purposes of estimating capital costs.

CONFIGURATION

General

The proposed headworks will be housed in a two-floor concrete building. The upper level will
house the screening equipment and channels, along with the grit removal equipment with the grit
chambers located outdoors.
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CHAPTER 8 CITY OF LYNNWOOD WWTP FACILITY PLAN

The lower level of the headworks will primarily serve as an extension of the exterior pipe gallery.
This may include the flooded suction grit pumps, internal recycle valve manifold, return activated
sludge valve manifold, and the aeration blowers and piping. These systems are described in greater
detail in 8.4 Secondary Treatment Improvements.

Figure 8-1 and Figure 8-2 provide schematics of the upper and lower levels of the proposed
headworks, respectively.

Figure 8-1 — Upper Level of New Headworks
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Figure 8-2 — Lower Level of New Headworks
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CHAPTER 8 CITY OF LYNNWOOD WWTP FACILITY PLAN

Influent Metering

Metering of the influent will be completed with an open channel flow meter installed in a
below-grade vault upstream of the headworks screening channels. This vault can be installed
between any energy dissipation structure and the headworks in a manner that provides sufficient
upstream and downstream pipe lengths to ensure accurate influent metering.

Screening System

Influent screening should be two-dimensional perforated plate screening to provide the higher
screenings capture desired by operators compared to the existing one-dimensional bar screen. Two
dimensional screens have reduced hydraulic capacity compared to one-dimensional screens and
require a large screening area to accommodate flow. Continuous element perforated plate screens
with 6 millimeter (mm) openings were reviewed for initial sizing and space planning for the
headworks. It is estimated that a 5-foot-wide by 8-foot-deep screening channel with a 6 mm screen
would provide a 30 MGD capacity. A second identical channel and screen would be included to
provide full redundancy. For planning, a third channel is included and could be outfitted as a bypass
channel, a manual screen, or in the future, a third mechanical screen could be installed.

Screenings will be conveyed via sluice from the two online screens to two washer/compactors sized
to provide 100-percent redundancy at the projected screenings load. Each will discharge to a
dedicated dumpster that can periodically be emptied. All dumpsters will be located towards the
entrance such that they may easily be moved in and out of the building.

Multiple vendors can provide similar screening equipment for competitive bidding during design.

Grit Removal

Grit removal will consist of vortex-style grit chambers constructed of cast-in-place concrete. An
18-foot-diameter vortex grit chamber should provide capacity for 30 MGD. It is recommended that
full redundancy of this system be provided with two 18-foot-diameter vortex grit chambers.
Screened influent will then be split between both chambers and, normally, one chamber can be
offline. Grit will be removed via flooded suction grit pumps located in the lower level of the
headworks and pumped to two grit washer/classifiers, each dedicated to a grit chamber to provide
redundancy. Each will discharge to a dedicated dumpster similar to the screenings equipment.
Multiple vendors can provide similar equipment for competitive bidding during design.

Odor Control

Odor control will be required for the air removed from the upper level of the headworks and the
influent channels, covered grit chambers, and distribution structures. It is likely that the odor
control system will be similar to that proposed for the solids handling system, which is a dual stage
chemical scrubber with an activated carbon polishing step; however, the future design should
review other options for odor control at the headworks. The odor control likely will be located west
of the proposed headworks and south of the secondary clarifiers. The odor control system point of
emission will be regulated by the Puget Sound Clean Air Agency (PSCAA).

8‘10 J:\DATA\LYNN\20-0054\10 REPORTS\LYNNFP_CH8.DOCX (11/30/2022 12:02 PM)



CITY OF LYNNWOOD WWTP FACILITY PLAN RECOMMENDED IMPROVEMENTS

Other Considerations

Electrical

A new electrical service will be needed to serve the new headworks and additional basins as
discussed in 8.7 Electrical and Control System Improvements. The headworks will require a
dedicated electrical room for motor control centers serving the equipment located at the new
headworks and additional basins. This room will need to be separated from the main headworks
building to ensure that the room is not a classified location per National Fire Protection Agency
(NFPA) 820 and is suitable for motor control centers.

A new generator will be located near the headworks electrical room to provide backup power for
the equipment in the new headworks and additional basins. The generator likely will be pad
mounted with an outdoor-rated enclosure.

Operations Area

Due to the distance between the new headworks and the operations center at the lower end of the
site, it is recommended that a small operations area be constructed within the headworks. This
would likely include a work station, lockers, and a restroom. The final design will provide a layout of
these facilities and they may need to be split between the upper and lower levels of the
headworks.

Flow Splitting to Basins

The headworks must provide a diversion structure capable of evenly splitting flow between the
online basins. This will likely consist of concrete structures between the lower level of the
headworks and proposed basins with weir gates for directing flow to each online zone.

Lower Level Pipe Gallery

The lower level of the headworks is intended to serve primarily as a pipe gallery with valve
manifolds for the internal recycle and return activated sludge (RAS) systems. These systems will be
configured with options for discharge to multiple zones of the basins and will likely require both
manual and automated valves and metering for this purpose. This equipment should be installed in
an accessible location that the lower level of the headworks will provide.

RELIABILITY AND REDUNDANCY

The proposed preliminary treatment infrastructure is designed have complete redundancy at the
2050 peak hour flow condition. The screening system is sized such that one screen could handle
this flow with the second screen providing 100-percent online redundancy. Similarly, each grit
chamber is capable of individually processing the 2050 peak hour flow, such that the other would
provide 100-percent online redundancy. Similarly, the ancillary equipment, such as the screenings
washer/compactors, grit pumps, and classifiers, would all provide 100-percent redundancy.

J:\DATA\LYNN\20-0054\10 REPORTS\LYNNFP_CH8.DOCX (11/30/2022 12:02 PM) 8-11 R H 2
————
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EXPANDABILITY

Due to the physical constraints of the site, expanding the footprint of the proposed headworks in
the future would be very difficult. However, the proposed headworks will be designed to provide
capacity for the projected 2050 peak flow with a redundant influent screening channel and grit
removal system. In the future, the three channels and two grit removal systems could be operated
to further increase the hydraulic capacity of the headworks, although at a reduced level of
redundancy. However, as the collection system redevelops to support growth, it is likely that
sources of infiltration and inflow (I/1) can be reduced, which will reduce the peak flow to the
headworks. As such, sizing the headworks for 30 MGD is likely conservative, and expanding the
footprint of the headworks is unlikely to be needed until well beyond the planning period.

8.3.3 Environmental Impacts and Public Acceptability Review

The existing headworks/preliminary treatment system is undersized and requires some influent to
bypass mechanical screening through a channel with manual screening during peak flow
conditions. The proposed preliminary treatment improvements pose the significant environmental
benefit of providing full redundancy at peak flow conditions to provide the screening and grit
removal necessary to protect downstream treatment processes. This provides additional protection
against a bypass of partially treated wastewater to the Puget Sound, which is a significant
environmental concern posed by the peak wet weather flow to the WWTP.

A potential impact on public acceptability of any preliminary treatment system is the generation of
odors if not properly contained and managed. The headworks will include odor control for this
purpose.

8.3.4 Design Criteria

Table 8-2 provides a summary of the design criteria for the proposed preliminary treatment
system.
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Table 8-2. Preliminary Treatment System Design Criteria

Parameter Value Units

Loading Criteria

Average Daily Flow (2050) 5.2 MGD

Peak Daily Flow (2050) 30.0 MGD

Screening Channels

Quantity 3 #

Channel Width 60 in

Channel Depth 96 in

Influent Screening

Screen Type and Configuration Continuous element perforated
plate

Screen Quantity 2 #

Screen Openings 6.0 mm

Screen Capacity (each) 30.0 MGD

Screenings Washer/Compactor

Quantity 2 #

Influent Grit Removal

Configuration Vortex

Number of Grit Chambers 2 #

Grit Chamber Capacity (each) 30 MGD

Grit Pump Type Flooded §uction recessed

impeller

Grit Pump Capacity 250 gpm

Grit Classifier Quantity 2 #

Grit Classifier Screw Size 12 in

Odor Control

Configuration Dual stage chemical scrubbing

Recommended Upper Level Air

Exchanges i 30 ac/hr

The preliminary treatment system is sized to provide a 100-percent redundancy in screening and
grit removal systems for the 2050 peak hour flow condition.

8.3.5 Life-Cycle Cost

DESIGN LIFE

The expected design life of the electrical and mechanical components of this system is
approximated at 20 years, with some high wear items necessitating refurbishment or replacement
on shorter intervals. The structural components of the system (tankage and buildings) and major
piping systems are intended to last significantly longer, at least 40 years, and with proper
maintenance could have an indefinite life.
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O&M

A discussion of the expected ongoing O&M costs is provided by category as follows.

Labor

For preliminary treatment O&M needs a system of the City’s size, and including mechanical
screening, automated grit removal, and odor control, an average staffing level of 1 FTE is
recommended for planning.

Electrical

Electrical service will be provided to all equipment and usage is estimated for the annual average
operating condition. It should be noted that the future design may use natural gas for heating of
the building; however, at this level, electrical power was assumed for all heating.

Chemicals

No significant continual chemical usage is expected for the preliminary treatment system.

Maintenance

Annual material expenses for normal maintenance procedures were calculated at 2 percent of the
construction cost for the major mechanical and electrical systems used for preliminary treatment.
This cost is estimated to cover landfill disposal of the screenings and grit generated at the
headworks.

The estimated annualized O&M costs for the future secondary treatment system are summarized
in Table 8-3.

Table 8-3. Preliminary Treatment Estimated Annual O&M Costs

Description \ Total Amount
Labor for Operations and Maintenance $104,000
Electrical $94,000
Chemical S0
Maintenance $200,000
Total O&M (Rounded up to nearest 510,000) $400,000

The total future preliminary treatment system annual O&M cost is expected to be approximately
$400,000 in 2021 US dollars.

CAPITAL COST

The planning-level cost estimate for the planning, design, permitting, and construction of the
future preliminary treatment system is provided in Table 8-4.
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Table 8-4. Preliminary Treatment Estimated Capital Cost

Item No. Description Total Amount
1 Mobilization $1,362,000
2 New Headworks $13,620,000

Structural S$5,535,000
Mechanical 55,202,000

Odor Control 52,880,000
Subtotal $14,982,000

Sales Tax (10.4%) $1,560,000

Construction Total $16,542,000

Indirect Costs (30%) $4,970,000
Planning-Level Contingency (30%) $4,970,000
Project Total $26,482,000

1. Mobilization: Mobilization, contractor’s temporary utilities and facilities, temporary bypass,
and demobilization. The mobilization value is 10 percent of the total of item 2.

2. New Headworks: New headworks building consisting of cast-in-place concrete lower level
and concrete masonry unit upper level; cast-in-place influent screening channels in the
upper level; outdoor, covered grit chambers and distribution structure and gates;
mechanical equipment, including influent screens, screenings washer/compactors, grit
paddle drives, classifiers, grit pumps, lower level pipe, and valve systems for internal recycle
and RAS systems; heating, ventilation, and air conditioning (HVAC) and odor control
systems; fire suppression; and monitoring and alarming equipment per NFPA 820.

8.4 SECONDARY TREATMENT IMPROVEMENTS

8.4.1 Introduction

Various approaches to the secondary treatment system improvements necessary to address
deficiencies of the existing system and aging infrastructure, expand capacity, and meet potential
Total Inorganic Nitrogen (TIN) reduction requirements were evaluated in Chapter 6. An approach
that removes the existing primary clarifiers and expands aeration basin tankage, coupled with
process control elements to facilitate a densified activated sludge in a continuous flow reactor
configuration (CFR-DAS), was determined to have the highest likelihood of meeting the

2050 capacity and TIN reduction requirements. This is the recommended approach to secondary
treatment and is described in detail in this section.

8.4.2 Description of Improvements

Figure 8-3 shows the basic layout of the new secondary treatment system providing the maximum
amount of aeration basin tankage that can be supported by the existing site due to the
topographical and other constraints noted in Chapter 6. The approximated maximum value of

3 million gallons (MG) of total aeration basin tankage was used in Chapter 6 to analyze alternatives.
A slightly reduced total size of 2.75 MG is used in this chapter for the conservative estimation of
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CHAPTER 8 CITY OF LYNNWOOD WWTP FACILITY PLAN

design criteria. If the future design can incrementally increase the proposed basin volume to 3 MG
or beyond, this should be considered relative to the additional cost or other impacts.

Figure 8-3 — Proposed Secondary Treatment System

1ST STAGE

liR

Note: Figure does not show proposed utilities interconnecting the 1t and 2" stage basins

Figure 8-3 shows two identical trains consisting of anaerobic (Ax), anoxic (Ax), and aerobic or oxic
(Ox) zones in the first stage activated sludge aeration basins and latter aerobic zones in the second
stage basins. A swing (Sw) zone is also shown, which can be operated as aerobic or anoxic. The first
stage basins will be in the available area on the upper site, and the second stage basins will be
constructed within the footprint of the existing aeration basins. The new headworks, as discussed
in 8.3 Preliminary Treatment Improvements of this chapter, and the existing secondary clarifiers
will be between the two stages of aeration basins. Table 8-5 provides the approximate dimensions
of the anaerobic, anoxic, and oxic zones within the proposed aeration basins.
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Table 8-5. Approximate Dimensions of Proposed Aeration Basins
Rounded Volume (MG)
SWD Area Volume Single Two Trains

Length | Width

_(f)  (f)  (f)  (cf)  Train

First Stage Basins

Anl 19 12 24 228 5,472 0.04 0.08
An2 19 12 24 228 5,472 0.04 0.08
An3 19 12 24 228 5,472 0.04 0.08
Ax1 19 12 24 228 5,472 0.04 0.08
Ax2 26 39 24 1,014 | 24,336 0.18 0.36
Swil 26 39 24 1,014 | 24,336 0.18 0.36
Ox1 60 39 24 2,340 | 56,160 0.42 0.84
Second Stage Basins

Ox2 26 32 24 832 19,968 0.15 0.30
Ox3 26 32 24 832 19,968 0.15 0.30
(%)::() 48 15 24 720 17,280 0.13 0.26
Basins Total 1.38 2.75

SWD - Side water depth
Table 8-6 provides the dimensions of the existing secondary clarifiers.

Table 8-6. Dimensions of Existing Secondary Clarifiers
Length Width SWD Area Volume

(ft) (ft) (ft) (ft?) (MG)
Each (4) 120 24 14 2,880 0.30
Secondary Clarifiers Total 11,520 1.21

BIOWIN MODEL ANALYSIS

General

To evaluate potential secondary treatment system options, Chapter 6 provided basic BioWin
modeling results for the CFR-DAS process. This modeling was completed at the 2050 maximum
month condition for comparing potential secondary treatment alternatives, as well as to
approximate the capacity afforded by 2.75 MG of aeration basin concrete tankage. BioWin
modeling is completed in this Chapter using the 2040 maximum month to approximate sizing and
performance of equipment, which will have a shorter design life than the concrete tankage and will
likely require replacement prior to 2050. These analyses are used to establish the basic design
criteria for the proposed secondary treatment system.

To allow for nitrogen reduction to meet the potential future TIN requirements, the solids retention
time (SRT) must be sufficiently long to provide reliable nitrification and denitrification. As the SRT
increases, the mixed liquor suspended solids (MLSS) concentration increases with the growth of the
biomass. The increase in MLSS corresponds to an increase in secondary clarifier solids loading rate
(SLR). As noted in Chapter 6, the secondary clarifier SLR will limit the capacity of the WWTP and
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densification strategies must be employed to allow an increased SLR. A schematic of the BioWin
model used to predict SLR and other parameters is shown in Figure 8-4.

Figure 8-4 — Schematic of Proposed Secondary Treatment System Layout in BioWin
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The model has a feature that allows the user to select a specific SRT for a simulation. For a given
SRT and mixed liquor temperature, the model will calculate the corresponding effluent nitrogen
species, aeration demand, MLSS concentration, clarifier SLR, and the amount of waste activated
sludge (WAS) produced.

Similar to Chapter 6, the BioWin model was run at various SRTs for each loading condition using
steady-state simulation. The predicted SRT necessary for TIN reduction was increased to the design
SRT by using a conservative factor of 1.5 to account for normal diurnal flow and loading variations.
This factor was established in the diurnal flow analysis in Chapter 4. At the design SRT, the
predicted effluent TIN, aeration demand, MLSS concentration, clarifier SLR, and WAS generation
are tabulated.

Loading Conditions

The Puget Sound Nutrient General Permit (PSNGP) proposes a seasonal TIN limit of 3 milligrams per
liter (mg/L) from April through October. Ecology is currently completing additional modeling and
analyses that may provide a TIN limit structure that varies throughout the year, such as with a low
TIN limit (i.e. 3 mg/L) during the hottest months of the year and a higher limit (i.e. 5 to 10 mg/L or
higher) during the colder months. This sort of structure would allow for purveyors to have more a
readily achievable limit when influent flows are high due to wet weather and temperatures are
colder, which slows the growth of nitrifying organisms in WWTPs. Seasonal or monthly limits may
be considered as well; longer periods over which effluent results can be averaged would benefit
the purveyors.

Chart 4-2 from Chapter 4 is reproduced in Chart 8-1 to show the historical individual daily WWTP
flow values on a year over year basis for comparison to the proposed seasonal TIN limit period,
while Chart 8-2 similarly shows the historical WWTP effluent temperature.
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Chart 8-1 graphically displays daily flows and average flows for the following conditions based on
historical daily flows from 2015 through 2020:

e TIN limit season (April through October).
e Annual average day.
e Maximum month average day (occurs in the November through March period).

e Maximum week average day (occurs in the November through March period).

Chart 8-2 shows that effluent temperatures (which correlate closely to mixed liquor temperatures),
range from 14 to 18 degrees Celsius at the beginning of the potential TIN limit season.
Temperatures generally average 20 degrees Celsius or above for the bulk of that season. During the
coldest months, the temperature can get close to 12 degrees Celsius.

Based on these conditions, three baseline BioWin model scenarios were established that vary in
influent flow, organic, solids, and nitrogen loading, as well as mixed liquor temperature. Mixed
liqguor temperature significantly affects microbial growth rates and is a key parameter for modeling
secondary treatment systems. At higher temperatures, secondary treatment systems can achieve
higher nutrient removal rates at lower SRTs. Therefore, a conservatively low temperature was
selected for each model case based on the WWTP’s historic data, as described in the following
sections.

2040 Annual Average Day Condition

This condition models the project 2040 average annual influent flow and loading. This condition
presents higher average flow and load than the potential TIN limit seasonal average, but it is used
as a conservative approximation of secondary treatment for this condition. The mixed liquor
temperature is modeled at 20 degrees Celsius. The model parameters for this condition are
included in Table 8-7.

Table 8-7. 2040 Annual Average Loading Projections Used for Modeling

Flow BOD;s TSS TKN Mixed Liquor
Temperature
(°C)

6.34 13,700 11,700 2,300 20

(MGD) (lb/day) (lb/day) (Ib/day)

2040 Maximum Month Average Day Condition Model Inputs

The wet weather flow period, which has historically produced the maximum month average day
conditions for the WWTP, is generally outside of the potential TIN limit season of April through
October. Some shorter wet weather events have historically occurred in early April and late
October. Although conservative, the maximum month average day condition is modeled to analyze
the secondary treatment system during wet weather events near either end of the potential TIN
limit season. The mixed liquor temperature is modeled at 15 degrees Celsius, which is a
conservative average temperature for either end of the TIN limit season based on historic data at
the WWTP. This condition is modeled to verify the difficulty of meeting 3 mg/L TIN at the maximum
month average day condition. The model parameters for this condition are included in Table 8-8.
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Table 8-8. 2040 Maximum Month Loading Projections Used for Modeling

Mixed Liquor
Flow BOD;s TSS TKN Temperature

(MGD) (lb/day) (lb/day) (Ib/day) (°C)

8.12 14,800 12,600 2,500 15

2040 Maximum Week Flow/Maximum Month Loading Condition Model Inputs

This condition models the maximum week average day flow coupled with the maximum month
average day organic, solids, and nutrient loading. As discussed in Chapter 4, there is not a
predictable seasonal variation in biochemical oxygen demand (BOD) loading that can be correlated
to the seasonal flow pattern. This is expected for a collection system serving largely residential
customers with recurring periods of 1/1, as high flows occur due to wet weather events that do not
contribute additional BOD loading. Therefore, the maximum week organic, solids, and nutrient
loading is considered unlikely to coincide with the maximum week flow caused by a wet weather
event. The mixed liquor temperature is modeled at 12 degrees Celsius, conservatively the lowest
temperature experienced outside of the TIN limit season based on historic data at the WWTP. This
condition is modeled to estimate requirements for wet weather flow management and the
predicted potential TIN results during these conditions. The model parameters for this condition
are included in Table 8-9.

Table 8-9. 2040 Maximum Week Flow/Maximum Month Loading Projections Used for Modeling

Mixed Liquor
Flow BOD;s TSS TKN Temperature

(MGD) (lb/day) (lb/day) @ (Ib/day) (°C)

10.75 14,800 12,600 2,500 12

Other Considerations

High flow periods that are a short duration and higher magnitude than the maximum week flow are
expected to require management strategies as discussed later in this chapter, but are not included
in the modeling of the secondary treatment system as they are not considered primary design
conditions for nutrient removal.

The City has limited influent nitrogen data, but influent nitrogen is expected to be generally
proportional to BOD for this system. Influent nitrogen is projected based on a BOD to Total Kjeldahl
Nitrogen (TKN) ratio of 6 to 1 as established in Chapter 4, which conservatively estimates influent
nitrogen for moderate strength wastewater per Metcalf & Eddy Wastewater Engineering
Treatment and Resource Recovery, 5 Edition, Table 8-1.
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Modeling Results for Design SRT Determination

2040 Annual Average Condition — Two Trains and Four Clarifiers Online

This condition models the 2040 annual average flow, BOD, total suspended solids (TSS), and TKN
loading from Table 8-7. The model used a RAS rate of 50 percent of influent and an internal recycle
(IR) rate of 500 percent of influent. Swing 1 was operated under anoxic conditions and Oxic 4
operated as a post anoxic (PAx) zone with 300 gallons per day (gpd) methanol added as necessary
for denitrification to TIN below 3 mg/L. Mixed liquor temperature is 20 degrees Celsius. Table 8-10
provides the model results for this condition.

Table 8-10. 2040 Annual Average BioWin Model Results

SRT ‘NH3 ‘Nitrate Nitrite  TIN ‘MLSS ‘SLR
(days) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (Ib/ft’/d)

3.0 1.12 0.09 2.37 3.58 - -

4.0 0.45 1.94 0.48 2.87 3,700 25

5.0 0.26 2.19 0.07 2.52 4,400 30

6.0 0.19 2.20 0.04 2.43 5,100 35

7.0 0.15 2.22 0.03 2.40 5,700 39

8.0 0.14 2.23 0.03 2.40 6,200 | 43

9.0 0.13 2.23 0.02 2.38 6,800 47

Table Notes:

1. ML temp 20° C; IR — 500% of Influent; RAS — 50% of Influent; Swing 1 — Anoxic; Ox4 — Post
Anoxic (PAx); Methanol addition - 300 gpd.

2.Effluent BOD and TSS predicted to be below 15 mg/L for all conditions.

The model results estimate approximately a 4-day SRT is needed at steady-state conditions for
reliable nitrification and denitrification, as evidenced by effluent ammonia (NHs) and TIN values
below 0.5 mg/L and 3.0 mg/L, respectively. The MLSS and SLR necessary to support peak diurnal
loading conditions are estimated by applying a 1.5 factor to the 4-day SRT, which results in a design
SRT of 6 days. At a 6-day design SRT, MLSS is estimated at 5,100 mg/L and the average SLR at

35 pounds per square foot per day (lb/ft?/day), coupled with the TIN results estimated for the
4-day SRT condition.

As previously noted, the allowable average SLR will be a function of the achievable mixed liquor
sludge volume index (SVI). As discussed in Chapter 6, the Daigger-Roper Operating Chart is used to
estimate the SVI necessary to support an SLR. The Daigger-Roper Operation Chart can be used to
conservatively approximate the SVI necessary for CFR-DAS systems. Figure 8-5 of the
Daigger-Roper Operating Chart, adapted from Figure 12.89 in Water Environment Federation
Manual of Practice 8, estimates that at an average SLR of 35 Ib/ft?/day, with an assumed RAS
concentration of 15,000 mg/L, an average SVI of under 100 would likely be necessary. As previously
noted, SVIs of 50 or less have been routinely demonstrated at the Cashmere, Washington WWTP,
and it is likely that with the correct process configuration and controls, an SVI of 100 would be
achievable.
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Figure 8-5 — Daigger-Roper Operation Chart for Secondary Clarifiers (SLR of 35)

2040 Maximum Month Condition — Two Trains and Four Clarifiers Online

This condition models the 2040 maximum month flow, BOD, TSS, and TKN loading from Table 8-8.
The model used a RAS rate of 50 percent of influent and an IR rate of 300 percent of influent.
Swing 1 was operated as anoxic and Oxic 4 was operated as a post anoxic (PAx) zone with 400 gpd
methanol added as necessary for denitrification to TIN below 3 mg/L. Mixed liquor temperature is
15 degrees Celsius. Table 8-11 provides the model results for this condition.
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Table 8-11. 2040 Maximum Month BioWin Model Results

SRT NH3 Nitrate Nitrite TIN = MLSS SLR

(days) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (Ib/ft*/d)

4.0 2.99 0.02 2.63 | 5.64 - -

5.0 1.19 0.37 246 | 4.02 - -

6.0 0.61 1.68 0.63 | 2.92 | 5,700 50
7.0 0.39 2.07 0.10 | 2.56 | 6,500 57
8.0 0.29 2.15 0.04 | 2.48 | 7,100 62
9.0 0.23 2.16 0.03 | 2.42 | 7,700 68
10.0 | 0.20 2.15 0.03 | 2.38 | 8,300 73
11.0 | 0.18 2.13 0.02 | 2.33 | 8,900 78

Table Notes:

1. MLtemp 15° C; IR —300% of Influent; RAS — 50% of Influent; Swing 1 — Anoxic; Ox4 — Post
Anoxic (PAx); Methanol addition - 400 gpd.
2. Effluent BOD and TSS predicted to be below 15 mg/L for all conditions.

The model results estimate that starting between an approximately 7-day SRT in steady-state
conditions, reliable nitrification and denitrification occurs as evidenced by the ammonia value of
under 0.5 mg/L. Applying a 1.5 factor to this SRT, a design SRT between 10 and 11 days would likely
be necessary to support the peak diurnal loading conditions. At a 10.5-day SRT, the MLSS is
estimated at approximately 8,600 mg/L, and the average SLR is approximately 75 Ib/ft?/day.
Referring to the Daigger-Roper Operating Chart in Figure 8-5, the SLR of 75 |b/ft?/day is near the
upper end of the chart. Other WWTPs with CFR-DAS have consistently demonstrated lower SVls,
but there is not sufficient design guidance to assume that SVI and SLR can be directly correlated
using the Daigger-Roper Operating Chart for CFR-DAS systems at high SLRs. As such, it is
recommended that an SLR of 60 |b/ft?/day be conservatively assumed as the maximum that can be
reliably achieved during this stage of planning.

Assuming an SLR of 60 Ib/ft?2/day at an assumed RAS concentration of 15,000 mg/L, Figure 8-6
estimates that an SVI of 75 may be necessary.
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Figure 8-6 — Daigger-Roper Operation Chart for Secondary Clarifiers (SLR of 60)

A SLR of under 60 Ib/ft?/day would correlate to approximately a 7-day SRT per Table 8-11, with an
MLSS concentration of 6,500 mg/L. The corresponding effluent TIN levels (at 4 days to derate for
diurnal loading) are not expected to be below 3 mg/L. Further, ammonia is predicted to be above
2 mg/L, which indicates incomplete nitrification. This condition will be challenging for TIN reduction
due to the combination of high flow and loading and colder mixed liquor temperature. Shortening
the SRT reduces the MLSS concentration and SLR to decrease the likelihood of solids washout from
the clarifiers. The decreased SRT will reduce TIN removal. If this condition occurs during the
proposed TIN limit season, the WWTP would not be expected to meet a TIN of 3 mg/L consistently.
The maximum month average day condition is more likely to occur outside of the potential TIN
limit season, for which Ecology has yet to define a TIN limit. Mixed liquor temperature may be
colder than the 15 degrees Celsius as used for this analysis, which would further limit TIN
reduction. Based on this preliminary analysis, it would likely be difficult for the WWTP to meet a
low TIN limit at this condition.

Should the CFR-DAS process produce mixed liquor characteristics similar to the Cashmere,
Washington WWTP, an SVI of 50 or less could be achievable. In this case, an SLR of greater than
60 Ib/ft?2/day would be expected to be achievable, allowing for an increased SRT and TIN levels
lower than those shown here. However, this technology is emerging and should be conservatively
estimated, especially for the City’s challenging maximum month condition, and as such, low TIN
limits cannot be guaranteed for this condition.
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CHAPTER 8 CITY OF LYNNWOOD WWTP FACILITY PLAN

2040 Maximum Week Flow/Maximum Month Loading Condition — Two Trains and Four
Clarifiers Online

This condition models the 2040 maximum week flow coupled with the maximum month BOD, TSS,
and TKN loading from Table 8-9. The model used a RAS rate of 50 percent of influent and an IR rate
of 300 percent of influent. Swing 1 is operated as aerobic at this condition, as is Oxic 4 to provide
the maximum aerobic SRT. This condition is expected to represent peak wet weather events during
the winter months, where hydraulically managing influent flow to meet conventional secondary
effluent standards (BOD and TSS) and disinfection requirements are considered to be the main
process objective. Methanol addition is suspended. Mixed liquor temperature is 12 degrees Celsius.
Table 8-12 provides the model results for this condition.

Table 8-12. 2040 Maximum Week Flow/Maximum Month Load BioWin Model Results

SRT NH3 MLSS SLR

(days) | (mg/L) | (mg/L) | (Ib/ft?/d)
6.0 0.76 - 45
7.0 0.46 4,300 50
8.0 0.32 4,700 55
9.0 0.24 5,100 60
10.0 0.20 5,500 64

Table Notes:

1. MLtemp 12° C; IR —300% of Influent; RAS — 50% of Influent; Swing 1 —

Aerobic; Ox4 — Aerobic; No methanol addition.
2. Effluent BOD and TSS predicted to be below 15 mg/L for all conditions.

During these conditions, maintaining the SLR low enough to avoid solids washout will be critical.
The achievable SLR will be a function of the mixed liquor characteristics that can be achieved with
the future CFR-DAS process. For conservative planning, an average SLR of 60 Ib/ft?/d or less is
recommended similar to the maximum month condition. As shown in the table, this is reached at
approximately a 9-day design SRT and MLSS concentration of 5,100 mg/L. The corresponding
effluent ammonia concentration (at a 6-day SRT to derate for diurnal loading) is predicted at
greater than 0.5 mg/L, which indicates incomplete nitrification. However, at this condition, effluent
TIN reduction will not be the primary treatment objective and nitrification is difficult to predict. An
effluent TIN concentration cannot be reasonably quantified or guaranteed during the challenging
combination of high wet weather flow and low temperature.

Analysis of Support Systems

Aeration System Analysis

For all model runs, BioWin predicted the air flow required to maintain 2 parts per million dissolved
oxygen content within each aerobic zone. Table 8-13 provides the estimated air flow necessary for
each zone, as well as the total required air flow for two trains during the conditions model.
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Table 8-13. 2040 Estimated Average Aeration Requirements

Single Train Air Flow

Condition Design ¢, Total 2
Trains
mg/L | days | ScPm | scem | scem | scEm | scrm SCFM SCFM
Annual Average | 5,100 6 o | 1,500 | 450 | 350 0 2,300 4,600
Maximum 6,500 7 0 1,550 | 500 | 400 0 2,450 4,900
Month
MW (Flow)
MM (Lond) 5,100 9 600 | 1,000 | 350 | 300 250 2,500 5,000

MW = maximum week
MM = maximum month

All scenarios are predicted to require totalized airflow at or below 5,000 standard cubic feet per
minute (SCFM) at steady-state conditions. A planning-level estimate of peak aeration demand can
be achieved by using the 1.5 loading factor established in Chapter 4. This would result in a peak
airflow requirement of 7,500 SCFM. Actual peak demands would be expected to be in excess of this
value; for the purposes of planning, a future nominal aeration capacity of 10,000 SCFM is
considered. The current aeration equipment provides a capacity of 5,000 SCFM. This equipment is
being replaced during the drafting of this Plan and the capacity will be nominally increased.
However, it is expected that future air demands will necessitate additional blowers located near
the headworks to serve the high demand zones of Swing 1 and Oxic 1. This Plan assumes that the
first stage basin blowers also should provide approximately 5,000 SCFM of capacity, and the first
stage and second stage basin aeration systems could potentially be interconnected. For planning,
three blowers (one for redundancy) are assumed to serve the first stage basins and each would be
rated for approximately 2,500 SCFM.

WAS Production

Table 8-14 provides the estimated sludge production from the secondary treatment system at the
conditions modeled.

Table 8-14. 2040 Estimated Sludge Production

Condition ~ BODs Design SRT WAS Monthly WAS
(Ib/day) (days) (Ib/day) (Ilb/month)

Annual Average |5 g, 6.0 14,400 440,000

Maximum 14,800 7.0 15,600 470,000

Month

MW (Flow)

MM (Load) 14,800 9.0 15,600 470,000
Table Notes:

1. WAS yield estimated by 1.05 multiplied by influent BODs.

2.  Monthly WAS estimated as 30.5 days multiplied by estimated daily WAS load.
3. Daily values are rounded to the nearest 1,000 lb/d.

4. Monthly values are rounded to the nearest 10,000 lb/d.
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As will be discussed in the Wasting System section, sludge is expected to be wasted from both the
surface of the basins and from the clarifier underflow. However, the total wasting loading in
pounds is estimated based on a WAS to influent BOD yield ratio of 1.05. The 2040 solids production
values shown are used for solids handling equipment sizing in 8.6 Solids Handling System
Improvements.

Analysis of Maintenance Conditions

The secondary treatment system will require periodic maintenance of the submerged aeration
basin and secondary clarifier equipment. In general, the secondary treatment system will allow for
isolation to the following portions of the tankage at a time:

e Removal of one train of the first stage basins.

e Removal of one train of the second stage basins.

e Removal of one secondary clarifier.
Such work should be planned for summer months to allow for the lowest influent flow. The
seasonal TIN limit must be met during this period. The 2040 annual average flow, loading, and
operating conditions are used to model the maintenance conditions during the potential TIN limit

season. Like the previous analyses, the SLR of 60 Ib/ft?/day is considered the maximal average SLR
that will be acceptable during these conditions.

Basin Maintenance Conditions

Table 8-15 provides model results approximating the first maintenance condition, in which the first
stage basins of one treatment train (An1, An2, An3, Ax1, Ax2, Sw1, and Ox1) are taken offline.
Other model inputs remain the same as in the 2040 annual average non-maintenance condition.

Table 8-15. Maintenance in First Stage Basins BioWin Model Results

Total
Air
NH3 Nitrate Nitrite TIN Flow MLSS SLR
(days) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (scfm) | (mg/L) | (Ib/ft*/d)
3.0 1.10 0.05 2.04 3.19 - - -
4.0 0.44 1.45 0.27 2.16 | 4,250 5,200 35
5.0 0.27 1.59 0.05 191 | 4,450 6,100 42
6.0 0.20 1.58 0.03 1.81 | 4,550 7,000 48
7.0 0.17 1.58 0.03 1.78 | 4,700 7,800 54
8.0 0.16 1.59 0.03 1.78 | 4,800 8,600 59
Table Notes:

1. One treatment train of first stage basins (An1, An2, An3, Ax1, Ax2, Swing 1, and Ox1) taken offline.

2. ML temp 20° C; IR — 500% of Influent; RAS — 50% of Influent; Swing 1 — Anoxic; Ox4 — Post Anoxic (PAXx);
Methanol addition - 300 gpd.

3. Effluent BOD and TSS predicted to be below 15 mg/L for all conditions.

With one train of first stage basins offline, the biomass within the remaining basins must be
increased to support nitrification and denitrification. At a 8-day design SRT, an MLSS of 8,600 mg/L
is predicted to produce an SLR of approximately 59 Ib/ft?/day, which is below the recommended
maximum of 60 |b/ft?/day established for planning. For this condition, average effluent TIN is
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expected to align with the TIN predicted for a 5-day SRT at less than 3 mg/L, with reliable
nitrification predicted by the effluent ammonia of 0.27 mg/L.

Table 8-16 provides model results approximating the second maintenance condition, in which the
second stage basins of one treatment train (Ox2, Ox3, and Ox4) are taken offline. Other model
inputs remain the same as in the 2040 annual average non-maintenance condition.

Table 8-16. Maintenance in Second Stage Basins BioWin Model Results

Total Air
NH3 Nitrate  Nitrite TIN Flow
(days) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (scfm) (mg/L) | (Ib/ft’/d)
5.0 0.33 2.53 0.19 3.05 4,550 5,510 38
6.0 0.23 2.62 0.06 2.91 4,650 6,350 44
7.0 0.17 2.60 0.04 2.81 4,700 7,130 49
8.0 0.14 2.56 0.03 2.73 4,750 7,860 54
9.0 0.11 2.52 0.03 2.66 4,850 8,540 59
Table Notes:

1.0ne treatment train of second stage basins (Ox2, Ox3, and Ox4) taken offline.

2. ML temp 20° C; IR — 500% of Influent; RAS — 50% of Influent; Swing 1 — Anoxic; Ox4 — Post Anoxic (PAXx);
Methanol addition - 400 gpd.

3. Effluent BOD and TSS predicted to be below 15 mg/L for all conditions.

Like in the previous maintenance condition analysis, removal of one train of second stage basins
from service will require a higher MLSS concentration to provide an SRT sufficient for TIN
reduction. An SLR of 60 Ib/ft?/day is reached at an 9-day SRT and a corresponding MLSS
concentration of 8,540 mg/L. For this condition, average effluent TIN is expected to align with the
TIN predicted for a 6-day SRT at less than 3.0 mg/L, with reliable nitrification predicted by the
effluent ammonia of 0.23 mg/L.

During the summer months, it appears feasible to take one train of either stage of basins offline for
the purposes of maintenance. The mixed liquor concentration must be increased to maintain the
effluent TIN below 3 mg/L, but this should be achievable with a CFR-DAS process producing a mixed
liguor with good settling characteristics.

Secondary Clarifier Maintenance Condition

Table 8-17 approximates the difference in SLR with four secondary clarifiers online versus three
clarifiers at the annual average condition, which was previously modeled and recommended a
6-day design SRT.

Table 8-17. BioWin Model Results with One Secondary Clarifier Out of Service
SLR with 4 SLR with 3

SRT MLSS Clarifiers Clarifiers
(days) | (mg/L) (Ib/ft’/d) (Ib/ft’/d)
6.0 5,900 35 47
Table Notes:

1. MLtemp 20° C; IR — 500% of Influent; RAS — 50% of Influent; Swing 1 — Anoxic; Ox4 —
Post Anoxic (PAx); Methanol addition - 300 gpd.
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SLR increases proportionally to the decrease in operating clarifier surface area, but the SLR is
expected to remain under 60 lb/ft?/d at the 6-day design SRT. With a CFR-DAS process producing a
mixed liquor with good settling characteristics, it should be feasible to take one secondary clarifier
offline at a time for the purposes of maintenance during the summer months while producing an
effluent TIN below 3.0 mg/L.

Recommended Effluent Limits

A future detailed analysis of the proposed secondary treatment system, either through a
preliminary design effort or project-specific engineering report, should seek to further develop the
initial analyses provided in this Plan such that more detailed design criteria can be established. For
the purposes of this Plan, the proposed secondary treatment system is expected to provide
capacity for secondary treatment to conventional standards (BOD and TSS) for the projected 2040
conditions and beyond. Depending on the level of reliably achievable densification that can be
provided with the CFR-DAS process, it appears feasible to meet the TIN limits on a monthly or
seasonal average for the following 2040 conditions:

e April through October — Effluent TIN of 3 mg/L appears feasible for flow and loading at or
below the projected average annual condition.

e Maximum month condition — Effluent TIN of 10 mg/L may be feasible at the maximum
month flow and loading condition, assuming this occurs during a period in which mixed
liguor temperatures can be maintained at 15 degrees Celsius or higher.

e Peak wet weather conditions — No effluent TIN limit can currently be guaranteed during the
peak wet weather conditions that occur during the coldest period of the year

Beyond 2040, the proposed secondary treatment system will provide capacity for conventional
secondary treatment, but TIN reduction will be a function of the reliably achievable mixed liquor
characteristics. Technological advancement in process control for densified secondary treatment
systems should allow for new and improved techniques to further reduce TIN. This could aid in
meeting the proposed TIN limits at loadings beyond 2040.

PROPOSED SECONDARY TREATMENT PROCESS CONFIGURATION

The process schematic for the future reconfigured WWTP, including the proposed secondary
treatment system, is shown in Exhibit C-10 Future Liquid Stream Process Schematic in Appendix C.
The proposed upper and lower site hydraulic profiles are shown in Exhibit C-11 Proposed Hydraulic
Profile — Upper Site and Exhibit C-12 Proposed Hydraulic Profile — Lower Site.

First Stage Basins

Figure 8-7 shows the conceptual physical configuration of the first stage basins into two trains.
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Figure 8-7 — Conceptual Configuration of First Stage Basins
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Screened influent, IR, and RAS will enter the first stage basins from the headworks. The design
should allow partial combination or splitting of these flows between the initial zones of the basins.
Forward flow through the basins will be over-wall between the zones and will generally follow the
flow arrows shown. Mixed liquor will outfall from Ox1 to piping routed to Ox2 in the second stage
basins.

Access to the basins will likely be from the headworks, for which the finished floor elevation should
approximately match the top of the basin walls. Access platform(s) will run the length of the basins
to access mixers, and aeration and monitoring equipment. These platforms likely will be routed
along the top of the proposed walls.

Second Stage Basins

The second stage aeration basins will be constructed to provide two trains with three zones (Ox2,
Ox3 and Ox4) as shown in Figure 8-8.
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Figure 8-8 — Conceptual Configuration of Second Stage Basins
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Mixed liquor from the first stage basins will enter Ox2. Forward flow through the basins will be
over-wall between the zones and will generally follow the flow paths shown. Mixed liquor will
outfall from Ox4 to the existing secondary clarifiers. Internal recycle pumping equipment will be
installed in the latter zones of the second stage basins and will pump to the headworks for
distribution into the upper basins.

Surface wasting will likely occur from Ox4. An automated gate or similar device will be used to
generate surface waste flow over a weir from the basins and into a collection box for conveyance
to the thickening system. Wasting is discussed further in the Wasting System section.

Existing Secondary Clarifiers and RAS System

The existing secondary clarifiers will remain unchanged in size and general configuration. Once the
new secondary treatment system is in operation and producing densified activated sludge, it is
recommended that the performance of the existing secondary clarifiers be evaluated through
on-site stress testing. The goals of this evaluation would be to determine an acceptable solids
loading rate to the clarifiers with densified mixed liquor and to identify enhancements that could
be made to the clarifiers, such as baffling or other improvements. The project will remove the
existing odor control system that treats air from the headspace beneath the secondary clarifier
covers. As such, air from this location will be discharged to a new odor control system, likely in
conjunction with the proposed headworks odor control system.

A new RAS system will be necessary to support the proposed secondary treatment system. The RAS
system is planned to include a dedicated RAS pump per clarifier, as well as at least two online,
redundant RAS pumps. Preliminary modeling suggests that these pumps and the associated piping
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could be installed in the pipe gallery between the existing basins and clarifiers. Exhibit C-13 Final
Site Plan in Appendix C shows the extension of this pipe gallery to the proposed headworks. The
RAS pipes, along with the internal recycle and mixed liquor system piping, would be routed through
this gallery.

In addition to surface wasting, sludge will be able to be wasted from the clarifier underflow by
splitting a small portion of the flow from the RAS discharge to the thickening system. Wasting is
discussed further in the following section.

Wasting System

Wasting of sludge from the secondary treatment system will occur from two locations: the
secondary clarifier underflow and directly from the latter zone of the aeration basin via surface
wasting of the mixed liquor. Wasting from the secondary clarifier underflow is the common
approach to wasting as it allows for lower wasting volumes due to concentration of the sludge by
the secondary clarifier. However, properly configured surface wasting can assist in wasting
organisms with poor settling characteristics to facilitate better mixed liquor settling characteristics.

Both wasting streams are expected to be routed through gravity thickening systems to increase the
concentration to at least 2 percent prior to discharge to the solids handling system. A CFR-DAS
system producing dense mixed liquor will facilitate gravity settling to 2 percent with much smaller
thickeners than conventional activated sludge. The future design of the secondary treatment
system will refine the gravity thickening system concept. For the purposes of planning, the system
likely will consist of either two in-ground or above-grade tanks located between the existing
aeration basins and the proposed solids handling system.

Wasting from the clarifier underflow is intended to be completed by splitting a small portion of the
pump RAS discharge to the gravity thickening system. Surface wasting will occur by modulation of
weir gates in the latter zone of each activated sludge train to allow mixed liquor to overflow the
weir into a collection box and be pumped to the gravity thickener.

Underflow from the gravity thickener system will be pumped to the solids handling system as
discussed in 8.6 Solids Handling Improvements.

Process Control Considerations

In addition to the general configuration of the secondary treatment system shown, specific process
control elements should be enabled by the future design as discussed in the sections that follow.

Fermentation

As discussed in Chapter 6, the CFR-DAS process will be constructed using an enhanced biological
phosphorus removal (EBPR) process configuration for the purposes of promoting the growth of
dense, self-assembled microbial communities with excellent settling and nitrogen removal
characteristics. Fermentation historically has been shown to improve the reliability and
performance of EBPR systems through various configurations of RAS or mixed liquor fermentation.
Fermentation requires a deeply anaerobic zone or period defined by an oxidation-reduction
potential (ORP) below about -300 millivolts. The design of the secondary treatment system must
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allow for this to occur. Options for either or both side-stream RAS and in-line mixed liquor
fermentation should be included in the design to provide flexibility for process control changes as
the role of fermentation in activated sludge systems becomes better understood. Mixed liquor
fermentation is an important component of both the Cashmere, Washington and Peshastin,
Washington WWTP processes that has likely contributed to the formation of aerobic granules and
exceptional nutrient removal at these facilities.

One of the key aspects of fermentation is that it appears to promote greater diversity and
resilience in the microbial population and the growth of organisms like Tetrasphaera. Tetrasphaera
can ferment higher carbon forms, take up phosphorus, produce volatile fatty acids, and take up
phosphorus under anoxic conditions. The ability of Tetrasphaera to ferment higher carbon forms is
particularly important for removal of phosphorus and nitrogen from wastewaters that do not
contain sufficient influent BOD. With Tetrasphaera, significantly more of the available carbon can
be used for nitrogen and phosphorus removal rather than for growth of other heterotrophic
organisms. This could allow for decreased reliance on external carbon to drive denitrification of the
proposed low effluent TIN limit at the City. As such, fermentation is a key process element that
must be included in the future secondary treatment system design.

Flexible Configuration of Basin Zones

The future design of the aeration basins should include flexibility for allowing various zones to have
multiple operating modes so the process can be adapted for varying conditions. Some of the initial
selector zones could be either anaerobic or anoxic by having multiple locations where RAS and IR
can be discharged as facilitated by the valve manifolds in the lower level of the new headworks.
Multiple swing zones, which include both aeration and mechanical mixing for aerobic or anoxic
operation, should be considered for inclusion. At least one swing zone is assumed as shown on
Figure 8-3. Similarly, the final aerobic zone (Ox4) should be able to be operated as a post anoxic
zone with supplemental carbon addition.

Storm Bypass

During peak storm events, the primary objective of the WWTP will be to meet conventional
secondary treatment standards (BOD and TSS). In these events, the most significant concern likely
will be maintaining a secondary clarifier SLR low enough to avoid solids washout and TSS violations
in the effluent. The future design should consider the inclusion of multiple process elements to
provide operational flexibility during these conditions.

A standard practice in these events is to bypass some influent to the latter oxic zones. The
objective of this approach is to provide BOD reduction while reducing the clarifier solids rate. The
future design should consider automated valving to allow for a portion of the influent to bypass the
first stage aeration basins and be discharged directly to the second stage basins.

During these events, it may be possible to reduce the RAS rate, which reduces SLR. With a CFR-DAS
system producing good settling sludge, the intent would be to allow as much compaction of the
RAS blanket to occur as possible, allowing for a reduced RAS flow rate. Automated control of the
RAS system should allow for this to occur.

8‘34 J:\DATA\LYNN\20-0054\10 REPORTS\LYNNFP_CH8.DOCX (11/30/2022 12:02 PM)



CITY OF LYNNWOOD WWTP FACILITY PLAN RECOMMENDED IMPROVEMENTS

Reliability and Redundancy

The current National Pollutant Discharge Elimination System permit requires that the secondary
treatment system meet the requirements for Reliability Class Il (EPA 430-99-74-001), which
includes the following:

e There must be at least two equally sized basins. This requirement is met at all conditions as
the existing four basins are equally sized and each can be isolated while the other basins
remain operational.

e The air diffuser grids shall be designed such that the largest section of diffusers can be
isolated without measurably impairing oxygen transfer capability. This requirement will be
met by having individual aeration grids in each oxic zone, which can be isolated from the
rest of the aeration system should the aeration grid in the zone be impaired. In this
condition, the impaired zone could be operated as anoxic with permanently installed or
temporary mixing. The treatment configuration will include multiple swing zones, which
could allow an anoxic zone to be turned aerobic if desired.

e There must be sufficient aeration capacity that the required oxygen transfer can be
maintained with the largest unit out of service. This requirement will be met with the
multiple existing blowers, as well as if any new blowers are added at the first stage basins by
interconnecting aeration piping between the first stage and second stage basins.

e There must be sufficient secondary clarifier area such that at least 50-percent capacity is
provided with the largest flow capacity unit out of service. With a future CFR-DAS system,
three secondary clarifiers are anticipated to provide at least 50-percent capacity for
conventional BOD and TSS reduction. During the seasonal TIN limit period, the previous
analyses showed that a secondary clarifier could be taken offline while meeting the TIN
limit.

e Backup power must be provided to operate critical components and support secondary
treatment to maintain biota, though not necessary to support a full level of treatment. This
condition will be met with future backup power sources described in 8.7 Electrical and
Control System Improvements.

Expandability

As discussed in Chapter 6, the proposed secondary treatment improvements will use the maximal
footprint that can be supported at this site. The nature of the WWTP challenges construction and
the opportunity to expand secondary treatment tankage must be maximized. In the future,
expansion of treatment is unlikely to include additional tankage as the site will be fully utilized.
However, advancements in secondary treatment technology are likely to aid in further densifying
secondary treatment within the existing tankage. As such, the current approach will allow for such
technological improvements to be implemented for the purposes of secondary treatment
expansion as additional tankage will not be feasible.
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8.4.3 Environmental Impacts and Public Acceptability Review

The conversion and expansion of the existing WWTP to a secondary treatment system using
CFR-DAS will have significant positive impacts on the environment and the community; most
notably the increase in WWTP capacity to support future growth and the expected improved
effluent water quality and nutrient removal. The analyses in Chapter 6 demonstrated that CFR-DAS
should have the lowest carbon footprint and lowest life-cycle cost compared to the other
applicable secondary treatment options. CFR-DAS is considered to have the least environmental
impact and highest acceptability to the public of the available options.

While CFR-DAS is favorable in terms of the overall environmental impact and should be considered
highly acceptable by the public, the construction of the CFR-DAS system will have short-term
impacts to both the environment and the public (most specifically the neighboring properties). The
major items include:

e Erosion and sediment transport;

e Vegetation removal;

e In-stream work for the Outfall Creek realignment;

e Construction traffic through local streets and neighborhoods; and
e Construction noise and lighting impacts to neighboring properties.

Further, the ongoing operation of the CFR-DAS system will have longer term impacts, including the
major items that follow:

e Visual impacts such as lighting.

e Noise impacts.

e Odorous emissions.

e Traffic impacts (staff, deliveries, sludge hauling, etc.).
e Energy usage.

e Chemical usage.

The CFR-DAS process is the least impactful alternative for secondary treatment improvements at
the existing WWTP. However, any significant temporary and permanent environmental and public
impacts created by these improvements should still be considered and mitigated as feasible during
the future permitting and design work.

8.4.4 Design Criteria

The future secondary treatment system design criteria are summarized in Table 8-18.
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Table 8-18. Secondary Treatment System Design Criteria

Value Units

Parameter Parameter

Loading Criteria

Volume

0.15 MG

Design MM Flow

8.12 MGD

Aeration and Mixing

Aeration Only

Design MM BOD

14,800 Ib/d

Ox3

Design MM TSS 12,600 Ib/d Dimensions 26x32x24  ft (LxWxSWD)
Design MM TKN 2,500 Ib/d Volume 0.15 MG

Basic Information Aeration and Mixing Aeration Only

Mixed Liquor Temp. 15 degC Ox4 (Pax)

SRT 6 days Dimensions 48x15x24  ft (LxWxSWD)
MLSS Concentration 6,800 mg/L Volume 0.13 MG

Target SVI 70 mL/g Aeration and Mixing Mixing and Aeration

Train Dimensions Aeration System

Quantity of Trains 2 Target D.O. Concentration 2.00 mg/L

Volume Each 1.38 MG 1%t Stage Blower Qty. 3 (turbos)

Anl 2" Stage Blower Qty. 4 (2 turbos and 2 screw)*
Dimensions 19x12x24  ft (LxWxSWD) 15t Stage Blower Types Turbo — 200 hp each
Volume 0.04 MG 2" Stage Blower Types Turbo — 150 hp, Screw — 125 hp
Aeration and Mixing Mixing Only Diffuser Type Fine bubble

An2 Total Airflow Capacity 10,000 SCFMm

Dimensions 19x12x24  ft (LxWxSWD) | Internal Recycle
Volume 0.04 MG Pump Type Submersible axial flow or similar
Aeration and Mixing Mixing Only Pump Quantity 4 (2 per train) and 2 shelf spares

An3

Rate

100-300 % influent

Dimensions 19x12x24  ft (LxWxSWD) || Single Pump Capacity 1.0-5.8 MGD
Volume 0.04 MG Total Capacity 24 MGD
Aeration and Mixing Mixing Only Wasting System

Ax1

Configuration

Surface and RAS wasting

Dimensions 19x12x24  ft (LxWxSWD) || Secondary Clarifiers

Volume 0.04 MG Configuration Rectangular
Aeration and Mixing Mixing Only Quantity 4

Ax2 Length 120 ft
Dimensions 26x39x24  ft (LxWxSWD) | Width 24 ft
Volume 0.18 MG Sidewater Depth 14 ft
Aeration and Mixing Mixing Only Volume 0.30 MG
Swl Nominal Area Each 2,880
Dimensions 26x39x24  ft (LxWxSWD) Nominal Total Area 11,520 SF
Volume 0.18 MG MM Average SLR 60 Ib/d/SF
Aeration and Mixing Mixing and Aeration MM Average SOR 705 gpd/SF

Ox1 RAS Pumps
Dimensions 60x39x24  ft (LxWxSWD) Pump Type Drypit Screw Centrifugal or similar
Volume 0.42 MG Pump Quantity 6 (4 duty, 2 redundant)

Aeration and Mixing

Aeration Only

Rate

25-100 % influent

Ox2

Single Pump Capacity

1.0-3.6 MGD

Dimensions

26x32x24  ft (LxWxSWD)

Total Capacity

15 MGD

D.O. = Dissolved oxygen
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CHAPTER 8 CITY OF LYNNWOOD WWTP FACILITY PLAN

The secondary treatment tankage and piping is sized for the 2050 condition. The pumping, mixing,
and aeration equipment is sized for the 2040 condition as shown in Table 8-18. Refer to
Exhibit C-10 Future Liquid Stream Process Schematic in Appendix C for additional information.

8.4.5 Life-Cycle Cost

DESIGN LIFE

The expected design life of most of the electrical and mechanical components of this system is
20 years, with some high wear items necessitating refurbishment or replacement on a shorter
interval. The structural components of the system (tankage and buildings) and major piping
systems are intended to last significantly longer, potentially 50 years or more, and with proper
maintenance could have an indefinite span.

Oo&M

A discussion of the expected ongoing O&M costs is provided by category as follows.

Labor

Secondary treatment O&M, with consideration given to the proposed aeration basins with
nitrification/denitrification and carbon addition, rectangular clarifiers, gravity thickening of WAS,
and the usage of emerging or developmental technologies, is expected to necessitate an average
staffing level of 4 FTEs.

Energy

The major categories of electrical costs for the secondary treatment system were estimated based
on the following assumptions:

e Aeration energy — The projected annual average aeration demand was used to estimate
total connected blower horsepower.

e Major pumps — The electrical draw for the IR, RAS, and WAS pumps was estimated based on
the projected annual average aeration flow rates for each pump, the approximated
discharge pressure, and the estimated pump and motor efficiencies.

e Major motors — Mixer and clarifier drive electrical draw was based on the full speed draw
for each of these motors

e Miscellaneous systems — Electrical draw for minor systems associated with secondary
treatment were estimated at 5 percent of the total electrical draw for the other items
calculated.

Chemicals

Chemical use consists primarily of methanol or a similar supplemental carbon source for
denitrification. Methanol is assumed to cost $1.25 per gallon.
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Normal Maintenance Materials

Annual material expenses for normal maintenance procedures were calculated at 2 percent of the
construction cost for the major mechanical and electrical systems necessary to support secondary
treatment.

The estimated annualized O&M costs for the future secondary treatment system are summarized
in Table 8-19.

Table 8-19. Secondary Treatment Estimated Annual O&M Costs
Description Total Amount

Labor for Operations and Maintenance $416,000
Energy $226,000
Chemical $137,000
Normal Maintenance Materials $380,000
Total O&M (Rounded up to nearest 510,000) $1,160,000

The total future secondary treatment system annual O&M cost is expected to be approximately
$1.2 million in 2021 US dollars.

CAPITAL COST

The planning-level cost estimate for the planning, design, permitting, and construction of the
future secondary treatment system is provided in Table 8-20.
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CITY OF LYNNWOOD WWTP FACILITY PLAN

Table 8-20. Secondary Treatment Estimated Capital Cost

Item Description Ll
No. Amount

Mobilization $4,531,000

First Stage Aeration Basins $16,150,000

Tankage Structural $10,170,000

Mechanical 55,980,000

3 Second Stage Aeration Basins $7,980,000

Tankage Structural $3,240,000

Mechanical 54,740,000

4 Pipe Gallery $2,700,000

Structural $1,200,000

Mechanical S$1,500,000

5 Secondary Clarifiers and RAS System $1,930,000

Mechanical 51,930,000

6 An.ciIIarY Secondary Treatment Systems and WAS $2.350,000

Thickening

Civil $270,000

Structural $840,000

Mechanical S$1,250,000

7 Plant Drain Lift Station $1,050,000

Structural $300,000

Mechanical S$750,000

3 Demolitior? of Existing Headworks and Main Plant $730,000
Pump Station

9 Electrical and Automatic Control $12,420,000

Subtotal | $49,850,000

Sales Tax (10.4%) $5,190,000

Construction Total | $55,040,000

Indirect Costs (30%) | $16,520,000

Planning-Level Contingency (30%) | $16,520,000

Project Total | $88,080,000

The total planning-level cost is estimated to be $88.1 million, including sales tax, indirect costs, and
contingency. The values in Table 8-20 may differ from the capital costs provided in Chapter 7 as the
Chapter 7 costs were cost differential items that were provided for the comparison of alternatives
only. A description of each major cost item is provided as follows.

1. Mobilization: Mobilization, contractor’s temporary utilities and facilities, temporary bypass,
and demobilization. The mobilization value is 10 percent of the total of items 2 through 9.

2. First Stage Aeration Basins: Cast-in-place concrete aeration basin tankage, access
platforms, and steel roof structure for visual mitigation; secondary treatment system
equipment, including mixers, aeration blowers, and diffuser equipment, and monitoring and

8-40
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control devices; piping systems for aeration; and mixed liquor conveyance to the second
stage basins.

3. Second Stage Aeration Basins: Demolition and reconfiguration of existing tankage walls to
partition existing basins into two trains; access platforms and steel roof structure for visual
mitigation; secondary treatment system equipment, including mixers, aeration diffuser
equipment, and monitoring and control devices; internal recycle pumps and piping;
aeration piping; and surface wasting equipment.

4. Pipe Gallery: Enclosed, partially buried pipe gallery, including pipes for screened influent
(storm flow bypass to second stage basins), mixed liquor, internal recycle, RAS, and
aeration.

5. Retrofit Existing Clarifiers and RAS System: RAS pumps and piping system; and
improvements to enhance clarifier performance such as baffling.

6. Ancillary Secondary Treatment Systems and WAS Thickening: WAS pumps and piping from
both RAS and surface wasting locations; dual gravity thickeners; and thickened sludge
pumping equipment to solids handling system.

7. Plant Drain Lift Station: Concrete wet well and pumping equipment to collect in-plant
drainage and recycle flows and lift City of Edmonds discharges to the proposed new
headworks.

8. Demolition of Existing Headworks and Main Plant Pump Station: Demolition, removal, and
off-site haul/disposal allowance for the existing headworks and Main Plant Pump Station
structures to allow for expansion of the secondary treatment system and ancillary systems.

9. Electrical and Automatic Control: Replacement of electrical motor control equipment and
control panels located in Building No. 6; replacement of the generator in Building No. 7;
electrical motor control equipment and control panels located at the new headworks
facility; and all raceways and instrumentation for the first stage and second stage basins and
associated systems.

8.5 EFFLUENT DISINFECTION IMPROVEMENTS

8.5.1 Introduction

As described in Chapter 5, the existing effluent disinfection system consists of chlorination using a
chlorine gas system and a liquid sodium bisulfate dechlorination system, both housed in Building
No. 2. The chlorine contact chamber is located below the Control Building (Building No. 4). The
system is aging and undersized for future peak flow conditions. Further, the use of chlorine gas
bears high O&M costs and risks associated with the transport, storage, and handling of a hazardous
material. UV disinfection is the recommended future method of disinfection, and an alternatives
analysis in Chapter 6 compared open-channel to enclosed vessel UV disinfection. Based on this
analysis, it was determined that an enclosed vessel UV system is likely to have a higher capital cost
than an in-channel system. However, an enclosed system will provide some benefits in the
flexibility of the installation location and allow for the complete enclosure of the outfall system. A
future design should weigh these benefits further relative to the additional capital cost, but for the
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purposes of conservative planning-level budgeting, it is recommended that the City budget for the
enclosed vessel UV system.

8.5.2 Description of Improvements

The enclosed UV disinfection system will be installed in either a new building or within a portion of
another building, such as the proposed solids handling facility. For budgeting, a new standalone
building is assumed. Effluent from the secondary clarifiers can be split among parallel UV reactors
(minimum one redundant reactor at all flow conditions). The reactors will be located above grade.
The parallel setup of the reactors will allow for isolation and maintenance of each reactor. A flow
meter will be installed downstream of the combined effluent of all reactors, likely consisting of an
electromagnetic flow meter outside of the disinfection building in a below-grade vault. Hydraulic
control will be necessary downstream of the meter and reactors to ensure that full pipe flow is
maintained through the system. Figure 8-9 provides a conceptual layout of the enclosed UV
disinfection system.

Figure 8-9 — Conceptual Layout of Enclosed UV Disinfection System
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LOADING CRITERIA

The UV disinfection system was sized to treat the projected 2050 peak hour flow of 30 MGD. The
design would include a redundant reactor at this peak condition. A minimum design dose of
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30 millijoules per square centimeter (mJ/cm?) at 55-percent UV transmittance was used to
approximate equipment sizing.

CONFIGURATION

Figure 8-9 provides a conceptual layout and approximate size of the proposed UV Disinfection
Building. To minimize the building footprint, it is likely that lateral piping will split from the
secondary and final effluent pipes below grade and outside of the building footprint. The
above-grade piping in the building will be configured with inlet and outlet isolation valves for each
reactor. Automated or manual valving should be considered during final design. The reactors will
be configured to allow sufficient space for access and maintenance. The building will be a dry,
unclassified space and necessary electrical equipment can be installed in the same room as the UV
equipment if desired. A monorail or similar system likely will be necessary to allow removal of
reactors or piping components and should be oriented in a manner to efficiently convey items to an
equipment access door. The building should be climate controlled as recommended by the UV
equipment manufacturer.

OTHER CONSIDERATIONS

The WWTP must have the capacity to continuously disinfect secondary effluent. Therefore, the
installation of the UV disinfection system must be phased such that the new disinfection system is
constructed and tested before decommissioning of the existing chlorine contact basins and
chemical feed system.

RELIABILITY AND REDUNDANCY

The UV disinfection system will be sized to accommodate the 2050 peak hour flow condition of
30 MGD with one redundant reactor at buildout (7 total reactors). This will provide sufficient
redundancy. Each reactor will be able to be isolated from the system to allow efficient
maintenance or replacement if needed.

EXPANDABILITY

As noted in 8.3 Preliminary Treatment Improvements, peak hour flow events are driven by wet
weather conditions with significant I/I. It is possible that I/l will be reduced in the future with
redevelopment of the collection system, and as such, the 30 MGD projection is likely very
conservative and will provide capacity beyond 2050. However, planning for additional UV reactors
could be considered in the future design of the structural, mechanical, and electrical systems for
UV disinfection.

8.5.3 Environmental Impacts and Public Acceptability Review

The major environmental impact of the transition to UV disinfection will be that the facility will no
longer discharge chlorine or disinfection byproducts into Puget Sound, which is beneficial to water
guality. However, the UV system will require greater electrical energy than the existing chlorine

disinfection system, although this energy usage is mitigated by the fact that the UV system will not
be reliant of the continual transport of 1-ton chlorine gas containers to the facility. Suspending the
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transport of hazardous chlorine gas is beneficial from an environmental standpoint and is beneficial
to the public, as it removes the risk associated with regularly transporting these containers through
the surrounding community.

8.5.4 Design Criteria

Table 8-21 provides a summary of the design criteria for sizing the UV disinfection system.

Table 8-21. UV Disinfection System Design Criteria

Parameter Value Units
Loading Criteria

Average Daily Flow 5.0 MGD

Peak Hour Flow (2050) 30.0 MGD

Design UV Transmittance 55% (assumed for planning)
TSS 10 mg/L

Influent Fecal Coliform

<50,000 CFU/100 mL

Effluent Disinfection System

Configuration

Enclosed pipe UV with self-cleaning system

Reactor Quantity 7 (6 duty, 1 redundant)
Reactor Inlet Size 20-inch

Reactor Capacity (each) 5.0 MGD

Lamp Type Low Pressure, High output
Lamps per Reactor 30

Lamp Power 800 Watts

Effluent Fecal Coliform

<200 fc/100 mL (7-day geometric mean)

<100 fc/100 mL (30-day geometric mean)

Dose

30 mJ/cm?

End of Lamp Life Factor

0.85

CFU/100 mL = colony forming units per 100 milliliters

The effluent disinfection reactors and piping is sized to provide a redundant reactor at the
2050 peak hour flow condition.

8.5.5 Life-Cycle Cost

DESIGN LIFE

The estimated design life of the equipment is 20 years, which is a typical expected value for the
lifetime of electrical and mechanical equipment. Lamps will be periodically replaced over the
course of the design life to ensure a consistent dose. The structure and piping supporting this
system is expected to have a 40 year or greater useful life.

O&M

A discussion of the expected ongoing O&M costs is provided by category as follows.
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Labor

The UV system is largely automated and will primarily require basic monitoring and periodic
maintenance to service the automated cleaning system and replace lamps. The system is expected
to necessitate an average staffing level of 0.5 FTEs.

Energy

Each UV reactor is expected to use approximately 25 kilowatts. At the average annual condition,
one to two reactors will be needed in service. This electrical draw was used to calculate the
average annual electrical costs.

Chemicals

No significant chemical usage is expected for the UV system. Minor chemical usage with cleaning is
expected to be part of the Normal Maintenance Materials category.

Normal Maintenance Materials

Annual replacement of lamps and other short-lived items for this system is conservatively
estimated at 2 percent of the construction cost for the UV system equipment.

Table 8-22 provides a summary of the O&M costs for the UV disinfection system.
Table 8-22. UV Disinfection Estimated Annual O&M Costs

Item Cost

Labor for Operations and Maintenance $52,000
Energy $37,000
Chemical SO
Normal Maintenance Materials $24,000
Total O&M (Rounded up to nearest $10,000) $120,000

CAPITAL COST

The planning-level cost estimate for the planning, design, permitting, and construction of the
future effluent disinfection system is provided in Table 8-23.
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Table 8-23. Effluent Disinfection System Capital Costs

. . Total
Item No. Description Amount
1 Mobilization $538,000
2 Effluent Disinfection System $5,380,000
Civil 51,000,000
Structural $1,200,000
Mechanical $3,171,000

Subtotal | $5,918,000

Sales Tax (10.4%) $620,000

Construction Total | $6,538,000

Indirect Costs (30%) | $1,970,000
Planning-Level Contingency (30%) | $1,970,000
Project Total | $10,478,000

1. Mobilization: Mobilization, contractor’s temporary utilities and facilities, temporary bypass,
and demobilization. The mobilization value is 10 percent of the total of item 2.

2. Effluent Disinfection System: Above-grade enclosed pipe UV disinfection equipment and
associated piping installed on a concrete slab-on-grade within a steel building (or within a
portion of another building such as the proposed solids handling facility).

8.6 SOLIDS HANDLING IMPROVEMENTS

8.6.1 Introduction

As described in Chapter 7, the existing solids handling process includes mechanical dewatering of
primary sludge and WAS using a single screw press. The dewatered sludge at 22 to 24 percent is fed
to the sewage sludge incinerator (SSI) where it is incinerated. Ash from the incineration process is
dewatered and disposed of offsite. The SSl is aging and is struggling to meet capacity requirements.
The SSI, due to ongoing maintenance and performance issues, also presents the City with
unpredictable and elevated maintenance and part replacement costs. Appendix A to Chapter 7
also includes a capacity evaluation of the SSI. Further, the future regulatory landscape for SSls is
uncertain and is trending towards more stringent emissions standards, which poses significant risk
in relying on sludge incineration for solids handling going forward. Given the SSI challenges
described in Chapter 7, multiple solids handling process upgrade options were evaluated as part of
a two-stage evaluation. The evaluation process encompassed the entire solids handling process
from WAS storage to off-site disposal with the core technology recommended being the indirect
paddle wheel dryer. The solids handling process schematic is shown in Figure 8-10.
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CHAPTER 8 CITY OF LYNNWOOD WWTP FACILITY PLAN

The solids handling process in Figure 8-10 accomplishes the City’s goals of fitting the new process
onsite while meeting 2050 maximum month solids production assuming the liquid stream upgrades
described in this chapter. The selected process also will allow the City to minimize biosolids hauling
truck traffic to 2 to 3 trucks per week by reliably producing, with an 85 percent minimum process
uptime, 90-percent Class A biosolids.

8.6.2 Description of Improvements

The solids handling process outlined in Figure 8-10 includes the following process elements and
projected sizing:

One continuously mixed aerobic storage tank that will provide approximately 1 day of
storage at 2050 maximum month flows. The tank will be cast-in-place concrete and integral
to the Solids Handling Building foundation/walls. The tank will be mixed and aerated using
mechanical mixing provided by a pair of fully redundant externally mounted centrifugal
pumps equipped with venturi injection nozzles that entrain air in the hydraulically mixed
contents of the tank. The tank will be enclosed with foul air removed to the odor control
system described as follows.

WAS will be thickened to 4 percent using recuperative thickening via a rotary screen
thickener. Two fully redundant thickeners, each with dedicated feed pumps and a shared
polymer system, will be installed above/adjacent to the aerobic storage tank. Each
thickener will discharge approximately 57,000 gpd at 2 percent (165,000 gpd at 1 percent)
of filtrate to a floor drain system for conveyance back to the liquid process. The thickeners
will be fully enclosed with foul air removed to the odor control system described later in
this section.

Four (4) percent WAS from the aerobic storage tank will be fed to two fully redundant screw
presses to dewater the biosolids to 16 to 20 percent. Each screw press will be capable of
processing 18,100 dry pounds per day and will require an estimated 30 pounds of polymer
per dry ton of solids. The screw presses will each be equipped with a dedicated feed pump
and discharge by gravity into a dewatered storage hopper. The screw presses will have a
shared polymer system. Each screw press will discharge an estimated 40,000 gpd of filtrate
to a floor drain system for conveyance back to the liquid process. The screw presses will be
fully enclosed with foul air removed to the odor control system described later in this
section.

Dewatered sludge will discharge by gravity into a conveyor system that will discharge solids
to a live-bottom dewatered sludge hopper sized to store approximately 1 day at the

2050 maximum month solids load. The sludge hopper system and associated dryer feed
piston pump are intended to be a packaged system by a single manufacturer. The
dewatered sludge hopper system will be fully enclosed with foul air removed to the odor
control system described later in this section.

The dewatered sludge will be pumped directly to the dryer using a piston pump with the
paddle wheel dyer system operating based on a level setpoint within its system. The dryer
will discharge 90-percent Class A biosolids to a series of conveyors that will convey the
product to a dried biosolids storage hopper. The dryer heating loop and boiler will be
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CITY OF LYNNWOOD WWTP FACILITY PLAN RECOMMENDED IMPROVEMENTS

housed in a separate room adjacent to the Dryer Room. The anticipated boiler size is
expected to be less than 10 Metric Million British Thermal Units (MMBtu) and thus be
exempt from rigorous PSCAA air permitting requirements. The dryer heat loop system will
be sized and designed to accommodate the potential future addition of a pyrolysis process
and associated hydronic loop. The pyrolysis process can use waste heat from the dryer to
reduce its energy consumption, while converting the dried biosolids into biochar, further
reducing off-site traffic by 50 percent. The pyrolysis process, as it requires a biosolids feed
that is 75 percent and not 90 percent, also will extend the dryer capacity beyond the
projected 2050 maximum month capacity requirement. The future pyrolysis process is
assumed to be installed to the west of the Solids Handling Building shown in Figure 8-11.

e The dried biosolids storage hopper (sized for 40 cubic yards (CY), or approximately 1 day of
storage at 2050 maximum month solids production) will be located above/near the truck
bay where biosolids can be loaded to trucks and trailers for weighing prior to off-site
disposal. The conveyance and storage of dried biosolids will be equipped with dust
abatement and control equipment, the air discharge of which will be conveyed to the odor
control system described as follows. Dust from the dust collection system will be discharged
into the dried biosolids storage hopper. Dried solids will be discharge by gravity from the
storage hoppers to a shared distribution conveyor that will distribute biosolids to the truck
and trailer parked below. The truck and trailer will be parked on an integrated truck scale
flush with grade.

e Per Figure 8-10, multiple solids process foul air sources, for a total of approximately
12,000 SCFM, will be conveyed to a single shared odor control system. The odor control
system identified as the most conservative is a dual stage chemical scrubber with an
activated carbon polishing step. This system will require dedicated sulfuric acid, sodium
hydroxide, and sodium hypochlorite storage and chemical delivery systems. The odor
control system is intended to be housed within an exterior secondary containment area
connected to the Solids Handling Building drain/sump pump system. The odor control point
of emission will require an air permit with PSCAA.

CONFIGURATION

The solids handling process will include the construction of a new Solids Handling Building onsite to
house the process outlined in Figure 8-10. As of the writing of this Plan, it is assumed that the SSI
will be taken out of service by the time the solids handling improvements described herein will be
constructed with dewatered biosolids being trucked offsite using a temporary bypass and
conveyance system. The new Solids Handling Building will straddle a portion of Area No. 1 —
Primary Clarifiers and Area No. 2 — Incinerator Building. The approximate location of the proposed
Solids Handling Building is shown in Figure 8-11.
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CITY OF LYNNWOOD WWTP FACILITY PLAN RECOMMENDED IMPROVEMENTS

The Solids Handling Building is intended to be slab-on-grade with a metal frame and siding
construction on two stories. The building’s location will require the demolition of the existing
structures, including the existing concrete foundations. Existing structures will be removed to the
require subgrade depth and the new structure is assumed to not require pile construction. In the
footprint of Area No. 1, the primary clarifier concrete structure will be removed to the required
depth and then backfilled with geofoam with the new building slab constructed on grade. Existing
utilities and large storm drain piping between the existing Area No. 1 and Area No.2 structures will
be maintained and protected in place. Design of the new Solids Handling Building will include
provisions to allow access to these facilities where they are located below the building structure.
The existing thickened WAS (TWAS) pre-concentration tank and Area No. 3 Solids Handling Building
(housing the existing dewatering process) will be kept in operation during construction. This will
likely require temporary power and piping modifications to facilitate construction sequencing.
Once the solids process is fully commissioned, the TWAS pre-concentration tank and Area No. 3 will
be fully demolished.

The Solids Handling Building is positioned to allow for trucks (either for biosolids hauling offsite or
chemical deliveries) to enter the site north of the proposed truck bay, turnaround at the west end
of the WWTP site, and then enter the proposed truck bay from the west. Grades in proximity of the
new building and truck bay will be adjusted as required to meet required grades. Associated storm
drainage and utilities will be relocated and replaced as needed to accommodate new site features
and the new building.

West of the Solids Handling Building will be an open area that can accommodate a future pyrolysis
process. Until that addition is desired, the area identified in Figure 8-11 will be used to access the
Dryer Room for major dryer maintenance and/or equipment replacement. This general area also
will offer opportunities for staff parking, storage, and/or equipment turnaround.

In order to size the Solids Handling Building, a preliminary planning effort was performed to lay out
the process elements into a footprint-saving configuration that will still allow for ease of access and
maintenance while providing for future expansion. The Solids Handling Building Concept Detail Plan
showing the layout of unit processes is in Figure 8-12.
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CITY OF LYNNWOOD WWTP FACILITY PLAN RECOMMENDED IMPROVEMENTS

The ground level of the building will consist of the WAS tank surrounded by a pump/pipe gallery for
the thickener and screw press feed pumps. This space will be separated from the larger Dryer
Room that will house the dryer system. Adjacent to the Dryer Room, a shop and maintenance
access on the west side of the building will allow for parts storage, maintenance of equipment, and
removal of major pieces of equipment. The control room and office space is located between the
truck bay and Dryer Room, allowing operators direct visuals of the two most labor-intensive
processes in the facility: loading trucks and drying biosolids. The truck bay is envisioned to be a
two-story bay with dried biosolids storage overhead with a distribution conveyance system that will
distribute solids in a controlled manner into a parked truck below. The trucks will be positioned on
a truck scale integrated into the building slab. The truck bay is assumed to be a fully enclosed
spaced with roll-up doors to mitigate odor concerns. The truck bay will include the dust abatement
equipment needed on the dried solids conveyance and storage systems. Removed dust will be
collected and discharged to the dried biosolids storage hopper. Chemical storage and delivery
systems for sodium hydroxide, sulfuric acid, polymer, and sodium hypochlorite will be located in a
separate environment adjacent to the truck bay from which chemical deliveries can be made under
cover and within secondary containment. Adequate chemical storage volumes, safety measures,
and containment were considered in defining the footprint in Figure 8-12.

The second level of the facility will house the thickeners and screw presses such that the thickened
sludge can be returned to the aerobic storage tank by gravity and the dewatered sludge can be
discharged by gravity into the dewatered sludge hopper. The second level also will house the dryer
boiler system and associated equipment, the motor control center (MCC) and Electrical Room, and
the odor control support systems (including odor control fans).

RELIABILITY AND REDUNDANCY

The unit processes of the solids handling process were sized to account for 85 percent uptime while
providing full redundancy for aerobic storage mixing/aeration, WAS thickening, and dewatering.
Whereas there are no specific Orange Book requirements for biosolids storage, dewatered sludge
storage and dried biosolids storage were each sized to store approximately 1 day (24 hours) at the
2050 maximum month. Dried biosolids storage volume can be increased to reduce off-site truck
traffic, but will require storing in excess of 120 CY of dried product onsite, the cost impact of which
was not included in the evaluation herein. The solids handling process odor control system is sized
to operate 24 hours a day, 7 days a week with a single odor control fan. Additional redundancy can
be achieved by installing a fully redundant odor control fan, the cost for which was not included in
the evaluation herein. Lastly, as an additional measure of redundancy, shelf spares for critical parts
and motors of the solids handling process can be stored onsite to allow for a rapid changeout
should the need arise.

EXPANDABILITY

The Solids Handling Building shown in Figures 8-11 and 8-12 includes equipment sized to meet the
2050 peak day flow condition while offering redundancy and O&M downtime. The Solids Handling
Building was sized to accommodate process expansion beyond 2050 by accommodating the

footprint for a third thickener and screw press with associated feed pumps and by sizing the Dryer
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Room to house the largest footprint belt dryer (Huber) should the City opt to not install an indirect
paddle wheel dryer. Future expansion may require additional chemical and polymer storage, which
will require additional footprint not allocated in Figure 8-12. Lastly, the solids handling process
MCC was sized based on the conservative inclusion of the third thickener and screw press.
Opportunities exist to reallocate space and reduce building footprint should this requirement
become obsolete during detailed design.

8.6.3 Environmental Impacts and Public Acceptability Review
The positive environmental impacts of the proposed solids handling process improvements
described herein are:

e The reduction and/or elimination of air emissions and air permit violations from the aging
SSI;

e Reduced emissions from reduced truck traffic from liquid sludge hauling due to either
regularly scheduled or emergency repairs of the SSI and its subsystems;

e Replacement of an aging and energy inefficient building with a new inconspicuous facility
designed to maximize energy efficiency and reduce footprint;

¢ Elimination of the SSI ash waste stream, which is a hazardous waste; and

e Elimination of odor from the solids handling process.
The public acceptability impacts of replacing the SSI with an indirect paddle wheel dryer system
are:

e Reduced truck traffic to and from the WWTP site;

¢ Elimination/reduction of odor from the solids handling process; and

e Replacement of an aging facility with a new, aesthetically pleasing, and energy efficient
Solids Handling Building.

8.6.4 Design Criteria

The solids handling process loading and design criteria are summarized in Table 8-24.
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Parameter

2050 Max Month Solids Loading

Table 8-24. Solids Handling System Design Criteria

Value

18,100 dry Ibs/day

Influent WAS Solids Content 2%

WAS Equalization Volume 120,000 gallons
WAS Equalization Tank Storage Time 26 hours
Thickener Polymer Requirement 10 Ibs/dry ton
Thickened WAS Concentration 4%
Thickener Filtrate Production at 2% WAS 57,000 gpd
Screw Press Polymer Requirement 29 lbs/dry ton
Screw Press Dewatered Sludge Concentration 15%
Screw Press Filtrate Production 40,000 gpd
Dewatered Sludge Storage Volume 53 CY

Dryer Type

Indirect, Paddle wheel

Dryer Natural Gas Requirement

5.7 MMBTU/hr

Dried Biosolids Storage Volume 40 CY
Minimum Dried Biosolids Solids Content 92%

Total Biosolids Production 70 wet tons/week
Solids Handling System Total Foul Air Production 11,800 SCFM

The solids handling process is sized to process projected 2050 maximum month solids loading, with
redundancy of selected individual equipment units (thickeners, screw presses, and pumps) that
may be taken offline without negatively impacting the process. Dewatered sludge and dried
biosolids storage systems are not sized for redundancy as they offer approximately 1 day (24 hours)
of storage each to facilitate minor equipment repairs and maintenance. The process is sized to
operate without the need of the dewatered sludge and dried biosolids storage volumes. Refer to

Figure 8-10 for a detailed process schematic.

8.6.5 Life Cycle Cost

DESIGN LIFE

The estimated design life of the system is 20 years, which is a typical expected value for the lifetime
of electrical equipment. Motors, drives, and gear boxes likely will require either rebuild and/or
replacement within the 20-year timeframe. Depending on the level of grit that bypasses the
headworks, standard sacrificial storage bin and conveyor liners will require replacement

approximately every 10 years.

Oo&M

O&M costs include five categories, costs for which were estimated based on 2050 average annual

projections:
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e Energy — electricity and natural gas consumption;

e Chemicals — polymer, sodium hydroxide, sodium hypochlorite, and sulfuric acid
consumption;

e Staffing — number of full-time employees required;
e Maintenance — cost for replacing wear parts; and
e Disposal cost — final biosolids disposal costs.

Annual electrical costs were developed using the assumptions of an industrial cost of electricity of
$0.086 per kilowatt-hour and motors running at full speed per the manufacturer’s suggested
uptime. Natural gas was assumed to be $1.00 per therm, with the dryer boiler operating per the
manufacturer’s suggested uptime. Chemical use consists of polymer for thickening and dewatering
(52.50 per pound), sulfuric acid ($8.00 per gallon), sodium hydroxide ($3.00 per gallon), and sodium
hypochlorite ($0.50 per gallon) for the two-stage chemical scrubber odor control system. Staffing
costs were assumed to be $104,000 per FTE. A total of 2 FTEs was estimated to be necessary to
operate the entirety of the solids handling process. Maintenance costs were assumed to be

2 percent of the purchase price of the equipment. This is equivalent to the cost of a full
replacement of all equipment in a 50-year time span. While the equipment is assumed to have a
20-year design life (equivalent to a 5 percent annual maintenance cost), the likelihood of all
equipment requiring a complete replacement is low; therefore, 2 percent was used as a basis.
Rebuild costs are expected to be significantly lower than complete replacement of equipment.
Finally, a biosolids disposal cost of $S85 per wet ton was assumed. It is possible that this number can
be reduced by finding a geographically closer site to handle the Class A biosolids. A summary of the
estimated O&M costs is provided in Table 8-25.

Table 8-25. Solids Handling System Estimated Annual O&M Costs

Description Total Amount

2021 Dryer Equipment O&M Cost (rounded to $10,000) $1,150,000
Natural Gas $450,000
Electricity $111,000
Staffing $208,000
Maintenance Costs $78,000
Biosolids Disposal $305,000

2021 Odor Control 0&M Cost (rounded to $10,000) $170,000
Sulfuric Acid $44,000
Sodium Hydroxide $16,000
Sodium Hypochlorite $59,000
Maintenance Costs $13,000
Electricity $35,000

2021 WAS Equalization O&M Cost (rounded to $10,000) $20,000
Electricity $19,000
Staffing $1,000
Maintenance Costs $1,000
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Table 8-25. Solids Handling System Estimated Annual O&M Costs

Description Total Amount

2021 Thickening O&M Cost (rounded to $10,000) $100,000
Polymer $83,000
Electricity $5,000
Staffing $1,000
Maintenance Costs $8,000

2021 Dewatering O&M Cost (rounded to $10,000) $230,000
Polymer $207,000
Electricity $4,000
Staffing $3,000
Maintenance Costs $18,000

2021 DS Storage O&M Cost (rounded to $10,000) $20,000
Electricity $5,000
Staffing $3,000
Maintenance $12,000

Total O&M $1,690,000

The total solids handling system annual O&M cost at 2050 average annual loading conditions is
$1.69 million in 2021 US dollars. The largest cost items were associated with operating the dryer.
Across the multitude of solids handling unit processes, chemical costs, which include polymer for
thickening and dewatering, and chemicals for the odor scrubber, were also high. Given the market
conditions at the time of the writing of this Plan, equipment, chemical, and labor costs may vary

significantly over the course of the intended 20-year planning horizon.

CAPITAL COST

The planning-level cost estimate for the planning, design, permitting, and construction of the solids

handling process is provided in Table 8-26.
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Table 8-26. Solids Handling Process Capital Costs

Item No. Description Total Amount
1 Mobilization $3,073,900
2 Demolition $1,380,000
3 Utilities $203,000
4 Site Preparation - Civil $530,000
5 Site Preparation - Electrical $760,000
6 Solids Handling Building $13,487,000
7 Solids Handling Building Electrical $1,176,000
8 Solids Handling Building Utilities $569,000
9 Solids Handling Equipment Electrical $2,274,000
10 Solids Handling Equipment $9,652,000
11 Solids Handling Process Piping $360,000
12 Administration and Laboratory Improvements $2,000,000
13 Site Restoration $348,000
Subtotal $35,820,000
Sales Tax (10.4%) $3,730,000
Indirect Costs (30%) $11,870,000
Contingency (30%) $11,870,000
Planning-Level Cost $63,290,000

The total planning-level cost is estimated to be $63.3 million, including sales tax, indirect costs, and
contingency. The values in Table 8-26 may differ from the capital costs provided in Chapter 7 as the
Chapter 7 costs were merely for technology comparison purposes only. Construction costs such as
installation, contractor overhead and profit, etc. are included in the Table 8-26 costs. The estimate
comprises of 13 items. A description of each cost item is provided as follows.

1. Mobilization: Mobilization, contractor’s temporary utilities and facilities, temporary bypass,

and demobilization. The mobilization value is 10percent of the total of items 2 through 13.

Demolition: Demolition, removal, and off-site haul/disposal of Area No. 1 and Area No. 2
(including contents) and existing hot mix asphalt (HMA) pavement, excluding the headworks
portion of Area No. 1. The estimates for structural demolition (building and slab-on-grade),
civil demolition (HMA), and process equipment demolition assumes crews of a foreman,
equipment operator(s), laborers, and heavy equipment and the estimated duration these
crews will take to complete the demolition work. Off-site hauling costs are based on RS
Means, and the disposal fee is based on disposal of construction and demolition debris at
the Southwest Recycling & Transfer Station (21311 61 Place W, Mountlake Terrace,
Washington 98043), which is approximately 9 miles roundtrip to the City’s WWTP.

Utilities: Proposed 4-inch natural gas line, assumed to come from the gas main along

76t Avenue W. All other utilities (water, sanitary sewer, electrical, and
telecommunications) are assumed to be available onsite; associated costs are included for
the connection of these on-site utilities to the proposed Solids Handling Building.
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4. Site Preparation — Civil: Excavate 2 feet below ground surface (bgs) within Area No. 1 and
Area No. 2 footprints, excluding the headworks footprint, and backfill the excavation with
crushed surfacing base course (CSBC). Large subsurface void areas (i.e., Area No. 1 Primary
Clarifiers) are assumed to be backfilled with geofoam, in lieu of CSBC, to cut back on backfill
material for the primary clarifiers. The use of geofoam is anticipated to decrease truck
traffic to the site, particularly if on-site material cannot be reused for backfill (unknown at
this project stage).

5. Site Preparation — Electrical: Electrical work required to maintain service to the existing
facilities that are to remain in service during construction.

6. Solids Handling Building: Construction of the proposed two-story Solids Handling Building,
with a plan area of 9,554 square feet. Cost includes foundation, building exterior (walls and
roof), interior floors, and finish work (flooring, ceiling, doors, windows, etc.). Cost also
includes the WAS equalization tank, assumed to be 30 feet by 30 feet by 25 feet tall
(includes a 5-foot freeboard). Tank construction is assumed to be reinforced concrete.

7. Solids Handling Building Electrical: Electrical scope required to provide electrical power and
telecommunications within the proposed Solids Handling Building. This cost item includes
electrical lines and receptacles, power distribution throughout the proposed building,
telecommunication lines and receptacles, and a fire alarm system.

8. Solids Handling Building Utilities: Utilities within the proposed Solids Handling Building,
including HVAC, plumbing, compressed air, sanitary sewer, and fire suppression.

9. Solids Handling Equipment Electrical: Electrical scope required to provide electrical power
and controls to process equipment covered under cost item no. 10.

10. Solids Handling Equipment: Solids handling equipment, including transport to site,
material, equipment (for installation), labor (for installation), and startup/training (for
individual equipment). Costs for the following equipment are included: thickener; screw
press; WAS equalization mixing; dryer system; dryer system storage and pump; odor control
equipment; truck scale; dry cake storage and conveyance; and chemical delivery.

11. Solids Handling Process Piping: Process piping and ductwork (material, equipment, and
labor). Costs for the following process piping and ductwork are included: mixing/aeration;,
thickener feed; thickener filtrate; screw press feed; screw press filtrate; dryer feed; reuse
water; natural gas; chemical and polymer; odor control (ducting); and miscellaneous drain.

12. Administration and Laboratory Improvements: Allowance for renovation or improvements
to the existing Control Building or potential consolidation of the administration and
laboratory areas into the new Solids Handling Building.

13. Site Restoration: A 6-inch-thick layer of CSBC below a 6-inch-thick layer of HMA over an
area of 37,450 square feet. Existing CSBC layer is 8 inches thick, but it is not anticipated that
the full depth of the existing layer will be disturbed during construction. The new HMA layer
will match the existing HMA layer (6 inches thick).
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CHAPTER 8 CITY OF LYNNWOOD WWTP FACILITY PLAN

In addition to the assumptions listed in 8.1 Introduction, the assumptions that were made as part
of the Table 8-26 costs include the following:

e Proposed Solids Handling Building is assumed to have a shallow foundation (mat
foundation) and piles are not required. Excavation related to demolition of existing
buildings is limited to 2 feet bgs.

e The MCC was estimated to include 60 process motors between 1 horsepower (hp) and
125 hp with light industrial controls networking primarily of communications cable in
conduit or cable tray in non-hazardous areas. Electrical design is based on standard power
distribution switchboard and engine generator switchboard, grouped switches, and power
panel distribution.

e The Solids Handling Building will include approximately 3,000 square feet of National
Electrical Code (NEC) 500 hazardous area (Class | or Class Il) lighting with NEC 500 area
monitoring and signaling. The building will include commercial/light industrial lighting,
receptacles, and power distribution throughout the building. It is assumed the building will
be equipped with a typical fire alarm system.

The costs in Table 8-26 do not include the following:
e Costs for potential future processes (e.g., Pyrolysis).
e Costs associated with dewatering.
e New electrical service to Area No. 5.

e Programmable logic controllers, human machine interface, Operator Interface, or other
control panel-based programming or configuration.

e Costs for network switches, computers, or office-type equipment.
* Electrical costs for vendor-furnished control panels are not included.

e Electrical costs vendor-furnished instrumentation or motor control equipment are not
included.

e On-site power generation (i.e. generator) and automatic transfer switch are not included.

e Power utilities or communications facilities from service providers or the City are not
included.

8.7 ELECTRICAL AND CONTROL SYSTEM IMPROVEMENTS

A new electrical service is planned for the construction of the proposed headworks and additional
basins. New electrical service switchboard equipment with parallel service disconnects will be
installed for redundancy purposes. Each service disconnect will have a dedicated automatic
transfer switch. A permanent standby generator will be installed at this location for providing
standby power to the proposed headworks and basins electrical loads. Additional electrical
distribution switchgear and motor control centers will be required to supply power to the new
electrical loads. Each of the two existing electrical services will remain in operation during the
construction of these improvements.

The existing electrical service located outside Building 7 will be used to supply power to the existing
clarifiers, reconfigured existing basins, ancillary process expansion, existing control building, and
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the solids handling improvements. The existing pad-mount transformer may need to be upsized by
SNOPUD. This will be determined during design when final electrical load sizes are determined.
Similarly, the existing generator at this location will need to be evaluated during design for
replacement. Replacement of this existing generator is expected as the electrical loads associated
with the solids handling improvements are significant. Modifications to the existing electrical
service switchgear and distribution switchboards will be required to add distribution circuit
breakers.

The existing electrical service and pad-mount transformer that supplies power to the existing
Building No. 2 will remain operational throughout construction until the proposed headworks and
basins are constructed, and the reconfiguration of the existing basins is completed. Once Building
No. 2 is ready to be demolished in order to construct the solids handling improvements, the
existing pad-mount transformer will be removed, and this electrical service will be abandoned.

Control system improvements will include installing new control panels and fiber optic network
panels at the proposed headworks and basins, the solids handling buildings, and at the existing
basins and clarifiers where necessary for integration of proposed improvements. Additionally, the
existing fiber optic network will be extended to the control panels at these locations. Most of the
existing fiber optic network will need to be replaced as the improvements are constructed. All
control panels will be constructed to existing City standards.

8.8 SUMMARY OF CAPITAL COSTS

Table 8-27 summarizes the expected capital costs for the recommended improvements discussed
in this chapter.

Table 8-27. Summary of Expected Capital Costs (in millions) for Recommended Improvements
Upper

WWTP Site Preliminary Secondary .E.ffluen.t Solic!s Total
. Treatment Treatment Disinfection Handling

Preparation
Subtotal $11.0 $15.3 $49.9 $5.6 $35.8 | $117.6
Sales Tax (10.4%) S1.1 $1.6 $5.2 S0.6 $3.7 $12.2
Construction Total $12.1 $16.9 $55.0 $6.2 $39.5 | $129.8
Indirect Costs (30%) $3.6 $5.1 $16.5 $1.9 $11.9 $38.9
Contingency (30%) $3.6 $5.1 $16.5 $1.9 $11.9 $38.9
Project Total $19.4 $27.1 $88.1 $9.9 $63.3 | $207.7

The total capital cost to implement all recommended improvements is approximated at
$208 million in 2021 dollars.
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8.9 SUMMARY OF EXPECTED O&M

Table 8-28 summarizes the expected O&M costs for the categories of recommended improvements
discussed in this chapter.

Table 8-28. Summary of Expected Annual O&M Costs for Recommended Improvements

Preliminary Secondary Effluent Solids Total
Treatment Treatment Disinfection | Handling
Labor $104,000 $416,000 $52,000 $216,000 $788,000
Labor (FTE) 1.0 4.0 0.5 2.0 7.5
Electrical $94,000 $226,000 $37,000 $179,000 $536,000
Natural Gas S0 S0 S0 $450,000 $450,000
Chemical S0 $137,000 S0 $409,000 $546,000
Maintenance $200,000 $380,000 $24,000 $130,000 $734,000
Biosolids Disposal SO SO SO $305,000 $305,000
Total O&M (Rounded up to
nearest 510,000) $398,000 | $1,159,000 $113,000 | $1,689,000 | $3,359,000

The total annual O&M project costs to implement all recommended improvements is
approximated at $3.4 million in 2021 dollars. As previously noted, additional ongoing costs
associated with the WWTP and collection system are not included in this estimate.

As shown in the table, 7.5 FTEs are recommended for the operations and maintenance of the
recommended improvements. Additionally, it is expected that approximately 5 FTEs are necessary
for other WWTP functions related to operations lead, administration, telemetry and control,
laboratory work, facility and fleet maintenance, etc. At the 20-year condition, this Plan projects
approximately 12.5 FTEs necessary for the WWTP. A detailed staffing analysis is recommended to
further refine this estimate and to review certification levels and requirements, specific labor
needs, and other criteria to provide guidance in the staffing of the facility.

8.10 SUMMARY

This chapter details the recommended improvements necessary to meet the needs identified in the
preceding chapters. Implementing these large and complex improvements while maintaining
WWTP operation requires thorough consideration of planning, funding, phasing, and other
requirements as discussed in Chapter 9.
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9 | IMPLEMENTATION PLAN
9.1 INTRODUCTION

The recommended improvements for the City of Lynnwood’s (City) wastewater treatment plant
(WWTP) are identified in Chapter 8. This chapter outlines other considerations and the necessary
steps for the successful implementation of these improvements.

9.2 PHASING OF RECOMMENDED IMPROVEMENTS

9.2.1 Introduction

Major improvements to the WWTP must be phased in a manner that maintains the operation of
the existing WWTP. The physical constraints of the existing site, as well as the complexity of the
WWTP infrastructure, will challenge the implementation of significant improvements at this site. A
basic phasing plan is provided herein to describe the major phases of the proposed construction
and highlight the most significant phasing considerations. Exhibit C-14 Recommended
Improvements Phasing Plan in Appendix C graphically displays the proposed phasing plan. To
discuss phasing of improvements, the figure denotes the “Lower Site,” which consists of all the
existing WWTP infrastructure, and the “Upper Site,” which refers to the undeveloped area uphill
from the existing secondary clarifiers.

9.2.2 General Phasing Considerations

Construction can commence at the Upper Site with relatively low impact to the existing WWTP.
This work would primarily impact access to the Lower Site, but should not significantly impact the
existing WWTP infrastructure. Given this, construction on the Upper Site will commence ahead of
the other work.

The construction of the Upper Site will allow for the commissioning of the new headworks and first
stage aeration basins. The influent sewer pipe would be re-routed to the new headworks and
process piping would be extended between the first stage and second stage aeration basins. Once
this work is completed, the new headworks and first stage aeration basins could be commissioned
to treat the influent and discharge to the secondary clarifiers while the new second stage basins
are constructed.

Once the basin work is complete, the existing secondary clarifiers could be retrofitted or
refurbished as needed. The existing headworks, primary clarifiers, and Main Plant Pump Station
(MPPS) could then be decommissioned. Consideration for temporary pumping of plant drainage
and City of Edmonds (Edmonds) influent from the existing headworks up to the new headworks is
given in 9.3.3 Detailed Phasing Plan.

Any ancillary secondary treatment improvements, such as gravity thickening, would be
implemented in space made available from the removal of the existing headworks, MPPS, and
primary clarifiers. A new effluent disinfection system consisting of ultraviolet (UV) disinfection
would be installed to replace the existing chlorination system.
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CHAPTER 9 CITY OF LYNNWOOD WWTP FACILITY PLAN

The final step of the improvements to the WWTP will be to decommission the existing solids
handling system and construct the new Solids Handling Building to include thickening, dewatering,
sludge drying, and truck loading facilities.

9.2.3 Detailed Phasing Plan

The following sections provide the detailed sequencing of construction of the proposed
improvements. These are intended to provide the major phasing items for use in guiding the future

design.

PHASE 1 — UPPER SITE PREPARATION

1.

Relocate Access Road and Influent Sewer Pipe — The new location of the proposed road
and sewer pipe is located uphill from the existing infrastructure to allow for installation
while use of the existing road and pipe are maintained. Other utilities (such as gas piping)
are expected to be located within the relocated access road. Once relocations are complete,
the existing road and pipe can be demolished for the major site excavation and grading
work.

Clearing of the Site — Remove major trees and vegetation within the limits of the proposed
excavation and grading of the Upper Site. Temporary stabilization and erosion control likely
will be necessary once clearing commences.

Relocate Outfall Creek Pipe System — The new pipe system will be installed and
reconnected to the existing piping downstream to allow for the major excavation and
shoring necessary for the Phase 2 headworks and basins.

Mass Excavation — Shoring and excavation will be completed as applicable to allow for the
construction of the Phase 2 headworks, basins, piping, etc. Some excavation is expected
during the Phase 2 project, although the majority of the necessary excavation and shoring is
expected to be completed in Phase 1.

Final Stabilization — For areas that will not be further impacted by construction, final
stabilization will be completed to control sediment transport and provide visual mitigation
for the site. This work likely will consist of planting, terracing, screening at the property
edge, and other measures to complete the stabilization of the site.

PHASE 2 — LIQUID STREAM IMPROVEMENTS

1.

2.

Construct Headworks and First Stage Aeration Basins — The new cast-in-place concrete
structures and associated below-grade piping will be constructed and backfilled on the
Upper Site. The upper level of the headworks will be constructed, and the architectural,
mechanical, and electrical work will be completed with these structures. The new electrical
service and backup generator will be installed, as well as ancillary systems like odor control.
Finish grading and paving of the new surfaces around the headworks and first stage basins
will be completed.

Test Headworks and First Stage Aeration Basins — Clean water testing of the new
headworks and first stage basins will be completed to verify the functionality and
interlocking control of the new equipment.

9-2
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3. Construct Pipe Gallery — Construct the cast-in-place concrete pipe gallery from the lower
level of the headworks to the existing pipe gallery between the second stage basins and
secondary clarifiers. Extend mixed liquor, internal recycle, return activated sludge (RAS),
aeration, non-potable water, and other process piping between the first stage and second
stage basins through the pipe gallery.

4. Commission Headworks and First Stage Aeration Basins — The new headworks and first
stage basins would be commissioned to allow for construction of the second stage basins
and improvements to the secondary clarifiers. For this to occur, some temporary
connections and systems likely will be necessary and will be further considered during
design. One example of this will be a temporary force main from the MPPS to the new
headworks for the purpose of temporary RAS pumping to the first stage basins during the
construction of the second stage basins.

5. Construct Second Stage Aeration Basins and Secondary Clarifier Improvements — Influent
flow will be diverted to the new headworks. The first stage basins will provide all secondary
treatment and discharge to the secondary clarifiers while the second stage basins are
constructed. This work would likely need to be staged to ensure the construction of second
stage basins is completed during a single dry weather season.

Following this work, necessary improvements to the secondary clarifiers and RAS system
can be made sequentially. To maintain WWTP operation through this construction, the
complexities of sequencing this work will be further analyzed during design to refine the
phasing plan.

6. Demolish Existing Headworks, Primary Clarifiers, and MPPS — Remove existing
infrastructure once the new headworks and aeration basins are operable. Prior to removal
of the MPPS, construct a new Plant Drain Lift Station to collect all plant drainage and
influent from Edmonds and convey it to the new headworks.

7. Construct Ancillary Secondary Treatment Systems — Within the footprint of the existing
headworks, MPPS, and a portion of the primary clarifiers, construct ancillary systems such
as the gravity thickening system for waste activated sludge (WAS) from the new secondary
treatment process.

8. Install UV Disinfection System — Construct the new UV system within a portion of the
footprint made available by removing the primary clarifiers. Extend and reconnect the
secondary effluent piping as needed.

PHASE 3 — SOLIDS HANDLING IMPROVEMENTS

1. Demolish Building No. 2 — Demolish remaining Primary Clarifier No. 4, gravity thickener,
chlorine gas equipment, and portions of Building No. 2 as necessary to construct the new
Solids Handling Building while allowing the existing electrical gear, dewatering equipment,
and associated systems to remain in service during construction. Some temporary
reconfiguration of the existing solids handling equipment likely will be necessary to
maintain solids handling through construction.

2. Construct Solids Handling Building — Complete construction of the Solids Handling Building
and associated systems. Test and commission the new facility. Once operable, begin
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discharging gravity thickened WAS from the new secondary treatment system to the new
solids handling system.

3. Demolish Remaining Unused Infrastructure — Remove all remaining unused infrastructure
not already demolished through the course of the Solids Handling Building construction.
This will include the dewatering system, sludge blending and WAS pre-concentration
tankage, existing odor control, etc.

If the administration, control, and laboratory areas are incorporated into the new Solids
Handling Building, it is likely the existing Control Building and chlorine contract tank can be
decommissioned at the end of Phase 3.

9.3 WWTP PERMITTING

9.3.1 NPDES and PSNGP

The current draft of the National Pollutant Discharge Elimination System (NPDES) permit for WWTP
became effective on March 1, 2019. The City must apply for renewal by August 31, 2023. The
proposed improvements to the WWTP will require review and approval of an engineering report in
accordance with Washington Administrative Code (WAC) 173-240-060. This WWTP Facility Plan
(Plan) is intended to meet those requirements. Construction documents for the proposed
improvements will require review and approval by the Washington State Department of Ecology
(Ecology) prior to construction in accordance with Section G5 of the NPDES permit.

The Puget Sound Nutrient General Permit (PSNGP) requires that the City prepare a Nitrogen
Optimization Plan (NOP) for submittal to Ecology and comply with intermediate milestones.
Optimization refers to short-term actions, such as low-cost controls and process changes focused
on improving existing performance. Optimization processes do not have to include large scale
capital investments. The City should complete the NOP to meet the requirements of the PSNGP.

The PSNGP also requires each treatment facility to conduct a Nutrient Reduction Evaluation (NRE)
during the first permit cycle. The NRE is due by December 31, 2025. The City should plan to
complete this work, which will include analysis of mainstream, side-stream, offsite, effluent
management strategies, or the other options to reach 3 milligrams per liter (mg/L) Total Inorganic
Nitrogen (TIN) seasonally. The analysis must be sufficiently complete that an Engineering Report
may be developed for the preferred all known, available, and reasonable technologies (AKART)
alternative. The NRE is anticipated to build upon the analyses provided in this Plan for mainstream
treatment and can incorporate the findings of off-site alternatives from the City’s General Sewer
Plan (GSP). As previously noted, Ecology is continuing to perform modeling which is expected to
guide the future proposed TIN limit structure and these findings should be included in the NRE.
Other requirements, such as the environmental justice review, must be met as part of the NRE
work.

The City must also comply with the other requirements of the PSNGP, such as the additional
monitoring requirements. The additional data collected can guide the NRE and be used to refine
the analyses included in this Plan.
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9.3.2 Biosolids

In the future, a disposal method for the biosolids produced by the proposed solids handling system
will need to be identified. The dryer will produce a Class A biosolid. At this time, it is anticipated
that the biosolids will be disposed of via land application. If this approach is chosen, the City likely
will be required to renew coverage under the state-wide general permit for the proposed solids
handling process and validate the process through testing after startup. Once validated, the City
will follow the testing and reporting requirements as derived from Chapter 173-308 WAC.

9.3.3 Air Quality

INTRODUCTION

This section summarizes applicable air quality requirements associated with proposed
improvements presented in this Plan.

This overview incorporates guidance on rule interpretations provided by PSCAA staff in meetings
and conversations on November 22, and December 3, 2021, and in email correspondence on
January 10, 2022. Note that all guidance provided by PSCAA is informal; applicability
determinations are made only when a NOC application is submitted, and decisions are based on
regulations and policies in effect at the time the application is submitted.

A brief summary of the major air emissions permitting considerations include:

e Air emissions permitting is not required for wastewater treatment facilities that are newly
constructed emissions units, except for those utilizing anaerobic digesters or chlorination
systems. This includes both the individual emissions units and emissions controls (including
odor control units) that serve newly constructed equipment.

e The air emissions permitting exemption for newly constructed wastewater treatment
facilities also includes solids management facilities and associated emissions controls.

e For existing equipment that will remain in operation, replacement or alteration of existing
odor control equipment cannot be completed without submitting a NOC application. This
includes removal of existing odor controls.

e If a new odor control unit is installed that serves both new and existing equipment, a NOC
application is required if the new odor control unit replaces an existing odor control unit.

e Air emissions permitting may be needed if the final design includes equipment that is not
exempted, such as equipment for storage and handling of dry materials.

BACKGROUND

The WWTP improvements detailed in Chapter 8 simplify air emissions permitting through the
following methods:

e Removal of the primary clarifiers and associated odor control equipment.

All primary clarification equipment will be removed. After completion of the Plan
improvements, the WWTP will not use primary clarification.
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e Removal of the SSI and installation of new solids treatment equipment, including a belt
dryer, with the dried sludge hauled to an off-site disposal location.

A new natural gas burning boiler will be required to provide heat for sludge drying, but the
boiler will be below the 10 MMBtu threshold for PSCAA permitting. The existing screw press
and SSI will be removed. With elimination of the SSI, the WWTP will no longer be subject to
EPA SSI Rules in 40 CFR 62 Subpart LLL. This includes requirements pertaining to operator
training, annual emission testing, emission limits and standards, operating limits for air
pollution control devices, and a requirement to obtain an operating permit pursuant to

40 CFR Part 70.

The new solids handling system will be contained within a newly constructed building with
odor control provided for building air.

e Removal of the chlorine gas effluent disinfection system.

The new effluent disinfection will consist of UV disinfection, which will not necessitate air
emissions permitting.
Additionally, the WWTP modifications identified in this Plan will include the following:
e Removal of the existing headworks and construction of a new headworks.
The new headworks will be contained within a newly constructed headworks building with
odor control provided for building air.
e Removal of the existing aeration basins and construction of new aeration basins.

The new aeration basins will be configured for the densified activated sludge in a
continuous flow reactor (CFR-DAS) process. The new aeration basins will be uncovered.

e The secondary clarifiers will generally remain unchanged though the existing odor control
system will be removed.

Air from beneath the existing secondary clarifier covers will remained contained and
discharged to a new odor control system likely collocated with the new Headworks system.

Implementation of this Plan will be subject to PSCAA regulations, most notably the NSR provisions
of Reg. 1, Article 6. General applicability of Article 6 is set forth in Section 6.03 Notice of
Construction, paragraph (a):
(a). It shall be unlawful for any person to cause or allow the establishment of a new
source, or the replacement or substantial alteration of control equipment installed

on an existing source, unless a "Notice of Construction application" has been filed
and an "Order of Approval" has been issued by the Agency.

Recommendations of the Plan include both the construction of new emissions sources and the
replacement or substantial alteration of control equipment installed on an existing source. These
are discussed separately below.

ESTABLISHMENT OF A NEW SOURCE

“Establishment of a new source” is an encompassing term that includes:
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e Creating an entirely new source; and

e Modifying or changing the operation of an existing source such that there is an increase in
the amount of any air contaminant emitted or emission of any air contaminant not
previously emitted.!

Exemptions to the PSCAA NSR requirements are contained in Reg. 1 Section 6.03(c). The exemption
provisions are self-implementing, i.e. there is no requirement to obtain PSCAA concurrence on
exemptions, provided that sufficient records are kept documenting the exemption.?

Almost all physical and operational changes to the WWTP that are proposed in the Plan constitute
“establishment of a new source” subject to NSR unless the change is an exempted activity.

Wastewater Treatment and Solids Management Activities

In general, wastewater treatment activities, including solids processing other than anaerobic
digestion, are exempt from air permitting requirements per Reg. 1 §6.03(c)(93) (last revision date
September 24, 2015)

Municipal sewer systems, including wastewater treatment plants and lagoons,
PROVIDED THAT they do not use anaerobic digesters or chlorine sterilization.

In meetings with PSCAA regarding this Plan, PSCAA staff indicated that the modifications included
in the Plan appeared to qualify for the municipal wastewater treatment exemption. Note that this
guidance is informal; formal exemption determinations are made only after submittal of project
permitting information.

Non-Exempt Equipment

The exemption from permitting is for wastewater treatment activities and processes only; it does
not apply to ancillary equipment that does not meet PSCAA exemption criteria. For example,
installation of equipment for handling or mixing bulk dry materials might require a NOC application.
Accordingly, the design should include an assessment of whether there are specific equipment
items or activities that might not be exempt from permitting. As noted previously, records
documenting the exemption assessment should be maintained.

If the WWTP expansion should require a change to emergency engines, the added engine capacity
is potentially subject to NSR unless specific conditions are met.

Per Reg. 1 §6.03(c)(3) (last revision date September 24, 2015), standby engines are generally
exempt from air permitting requirements provided the engine operates less than 500 hours per
year and the WWTP does not have a power curtailment agreement that offers lower rates:

(3) Stationary internal combustion engines having a rated capacity:

(A) <50 horsepower output;

1 See definition of “modification” in WAC 173-400-030.
2 Arequest for formal concurrence regarding an exemption determination typically requires submittal of a
NOC application and payment of permit fees.
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(B) Used solely for instructional purposes at research, teaching, or educational
facilities; or

(C) Portable or standby units operated <500 hours per year, PROVIDED THAT
they are not operated at a facility with a power supply contract that offers a lower
rate in exchange for the power supplier’s ability to curtail energy consumption with
prior notice.

Note that even if the engines are exempt from air permitting, the engines must still be selected and
operated in accordance with US EPA regulations governing stationary internal combustion
engines.?

REPLACEMENT OR SUBSTANTIAL ALTERATION OF EXISTING EMISSION CONTROLS

When there is an existing control device on a piece of equipment, that equipment cannot be
replaced or altered without filing a NOC application, per WAC 173-400-114 (effective December 29,
2012, and incorporated by reference into PSCAA Regulation 1, Article 6).

(1) Any person proposing to replace or substantially alter the emission control
technology installed on an existing stationary source or emission unit shall file a
notice of construction application with the appropriate authority, or with ecology in
areas or for sources over which ecology has jurisdiction. Replacement or substantial
alteration of control technology does not include routine maintenance, repair or
similar parts replacement.

(2) A project to replace or substantially alter emission control technology at an
existing stationary source that results in an increase in emissions of any air
contaminant is subject to new source review as provided in WAC 173-400-110. For
any other project to replace or significantly alter control technology the permitting
authority may:

(a) Require that the owner or operator employ RACT for the affected emission
unit;

(b) Prescribe reasonable operation and maintenance conditions for the control
equipment; and

(c) Prescribe other requirements as authorized by chapter 70.94 RCW.

WAC 173-400-114 applies to any replacement or substantial alteration of any existing emissions
control device even if the underlying process is otherwise exempt from new source review. Thus, a
NOC application will be required for replacement or substantial alteration of any existing odor
control devices at the WWTP.

Note also that WAC 173-400-114 applies only to existing emission control units. Therefore, the
WWTP may voluntarily place an emissions control device on a newly constructed or uncontrolled
existing source without filing a NOC application. However, after the emissions controls are
installed, the emissions controls may not be replaced or altered without filing a NOC application
and receiving an AO.

NOC applicability for odor control equipment in the Facility Plan are summarized in Table 9-1.

3 See 40 CFR 60 Subparts Illl and JJJJ and 40 CFR 63 Subparts YYYY and ZZZZ.
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Table 9-1. Summary of Notice of Construction Applicability for Odor Control Units
NOC Applicability ‘

Future
Plant Area = At Installation Changes Discussion
Because the existing headworks is being entirely
Headworks No Yes removed, the new headworks is considered new
construction and is exempt from review.
. The primary clarifiers are being entirely removed.
Primary L . .
. No NA Although NOC application is not required, notice to
Clarifiers . )
PSCAA of equipment removal is needed.
Because the existing aeration basins are being removed
Aeration No NA and replaced with new and expanded basins, the new
Basins basins are considered new construction and are exempt
from review.
solids Yes Because the solids building will remain, any substantial
Buildin (if equipment Yes change in odor controls is alteration of emissions
& is modified) control technology at an existing source.

When reviewing a NOC application for replacement or substantial alteration of existing emissions
controls, PSCAA requires that the new or altered equipment use RACT.

RACT is determined for the project during permit issuance. The RACT evaluation is typically stated
in numeric limits, such as maximum outlet concentrations or minimum removal percentages in
control equipment.

RACT review commences by identifying the pollutants to be controlled by the project. A review is
then conducted to determine emissions limits or performance requirements that have been
included in recent projects for similar facilities. Vendor statements of equipment performance also
will be included in the evaluation. In recent PSCAA AOs for odor control scrubbers, RACT pollutants
have included hydrogen sulfide, reduced sulfur compounds (such as mercaptans), amines,
ammonia, and non-methane volatile organics.

RECOMMENDATIONS

Based on the review of air permitting issues, the following steps should be taken:
1. Include air emissions issues in the project concepts and criteria.

Concepts and criteria should identify project features for which a NOC application is
required and a description of design information that will be needed to prepare the NOC
application. The description should address information likely to be needed for RACT
assessment. Exemptions from air permitting also can be documented at this stage.

2. Prepare and submit needed NOC applications when the design is sufficiently complete to
prepare a complete application.

This can happen as early as 30-percent design stage when basic project design assumptions
and equipment performance requirements are set. If preparing a complete application

J:\DATA\LYNN\20-0054\10 REPORTS\LYNNFP_CH9.DOCX (7/7/2022 1:06 PM) 9'9 & z
s



CHAPTER 9 CITY OF LYNNWOOD WWTP FACILITY PLAN

requires vendor specific information, it might not be possible to submit the application until
preliminary equipment selection is complete.

9.4 LAND USE AND CONSTRUCTION PERMITTING

To construct the proposed WWTP improvements, coordination with and permit approvals from
several regulatory agencies will be required. The following sections detail the existing regulated
resources onsite, summarize previous coordination with regulatory staff, and provide an analysis of
anticipated permit constraints and requirements based on current design concepts. This discussion
does not address permits related to the ongoing operation of the WWTP (i.e. NPDES permits);
those were previously discussed in Chapter 3. The permits needed and associated efforts should
continue to be refined as the design of the expansion advances and further coordination with
regulatory agencies occurs.

9.4.1 Existing Environmental Resources and Potential Impacts

OUTFALL CREEK

Figure C-2 Existing Site Overview in Appendix C shows a watercourse named Outfall Creek present
upslope of and piped through the WWTP. Outfall Creek originates southeast of the WWTP near the
intersection of Braemar Drive and 76™" Avenue W, and generally flows south in open channel
sections adjacent to residences and culverted sections under existing roadway crossings. On parcel
no. 27040700101800, the creek flows into a vertical corrugated steel pipe outfitted with a conical
debris barrier, and is then piped beneath parcel nos. 27040700101800 and 27040700105700 and
the WWTP (pipes ranging from 24- to 30-inch diameter), until its outlet to Browns Bay in Puget
Sound under the Burlington Northern Railway railroad tracks (via a 36-inch-diameter pipe). Outfall
Creek is a Type F stream (i.e. known to be used by fish or meet the physical criteria to support fish).
Within Edmonds jurisdiction, Type F anadromous fish bearing streams adjacent to reaches with
anadromous fish access require a 100-foot buffer (Edmonds Municipal Code 23.90.040.D.1).
Likewise, Type F streams in City jurisdiction require a 100-foot buffer (Lynnwood Municipal Code
(LMC) 17.10.071).

The WWTP facility expansion is expected to require relocation and/or replacement of portions of
the pipe network conveying Outfall Creek under the WWTP and downslope from parcel

no. 27040700101800. As currently conceptualized, the WWTP expansion will permanently impact
Outfall Creek and its regulated buffer. Anticipated implications of the project for regulated critical
areas, including Outfall Creek, are further discussed in the sections that follow.

STEEP SLOPES

The planned expansion area contains steep slopes (up to 40-percent slopes), mapped by Edmonds
and the City as landslide and erosion hazard areas and regulated as geologically hazardous critical
areas. To expand the facility, extensive clearing and grading, including slope stabilization, would be
needed to accommodate the new infrastructure. Construction activities within these areas is
anticipated to require geotechnical analysis, reporting, and review by the local jurisdiction.
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PUGET SOUND

The existing facility is located adjacent to Browns Bay in Puget Sound and consequently is within

shoreline jurisdiction. Any substantial improvements completed within 200 feet of Puget Sound will

be subject to the Shoreline Management Act and associated reviews.

9.4.2 Anticipated Permit Requirements

Permit requirements, project-specific triggers, and anticipated review timing are summarized in
Table 9-2. Additional discussion and prior coordination with regulatory staff is summarized

following the table.

Table 9-2. Anticipated Permit Requirements for Construction of the WWTP Expansion

Jurisdiction Permit/Review Review Timing Reason
. Adjustment of boundary lines for
Boundary Line .
Adjustment (BLA) 3 to4 months | Edmonds parcels annexed to City
for WWTP expansion
State Environmental Ub to 2 months WWTP improvements do not fit
Policy Act (SEPA) P SEPA exempt categories
Conditional Use 3 to 4 months Expansion of the WWTP, an
Permit (CUP) Essential Public Facility
. Deviation from development
Land Use Variance 3 to 4 months viatl velop
standards
® City* Shoreline Permit 3 to 4 months | Work within regulated shorelands
(@]
- o | ts to Outfall Creek and
Critical Areas 3 to 4 months mpac S o \utrall Lreek an
geologically hazardous areas
Project Design .
. 1to 2 months | >1,000 sf construction
Review
Demolition Permit Up to 2 months | Demolition of existing structures
Right-of-Way (ROW) 1 month Construction in City ROW
Building Permit Up to 2 months | Construction of new structures
Grading Permit Up to 2 months | Proposed grading activities
Public Works? Up to 2 months | Various (see footnote)
Constructi .
onstruction Land disturbance over 1 acre and
Stormwater General | Upto2 months | .
. discharge to state waters
] Eco|0gy Permit (CSWGP)
g Section 401 Water Up to 6 months Disturbance to state waters and
Quality Certification P Section 404 Permit trigger
DAHP Cultural Resources? 3 to 4 months | Federal and/or state permit nexus
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CHAPTER 9 CITY OF LYNNWOOD WWTP FACILITY PLAN

Table 9-2. Anticipated Permit Requirements for Construction of the WWTP Expansion (Cont.)

Jurisdiction Permit/Review Review Timing Reason

Hydraulic Project Activities involving work in or near
WDFW Approval (HPA) 45 days waters of the state
. . Upto 12 Disturbance to Waters of the
4
= U.S. Army Section 404 Permit months United States (WOTUS)
5 Corps of National
E Engineers . ationa . Federal nexus through Section 404
(USACE) Environmental Policy | 6 to 12 months review process
Act (NEPA)®

1 This table and permitting needs assessment assumes that annexation of parcels within Edmond’s jurisdiction
surrounding the existing Lynnwood WWTP will occur ahead of permitting efforts; consequently, local permitting
will occur through the City as the primary local jurisdiction.

2The City’s Public Works application form facilitates application for Critical Areas, Grading, ROW Use, Sewer
System, Storm Drainage, Tree Removal, Water Main/Service, and other reviews.

3 Re-piping of Outfall Creek and/or potential funding is anticipated to trigger a federal nexus for the project;
consequently, cultural resources review and compliance is expected to occur under the Section 106 process of
the National Historic Preservation Act (NHPA).

4 Depending on USACE processing of the Section 404 Permit, permit review timing is highly variable. Nationwide
permit types tend to be streamlined with reviews ranging from 3 to 6 months, whereas Individual permit types
require upwards of 12 months, sometimes longer.

> NEPA compliance is a requirement of any federal permit review and/or projects involving federal funding or
lands (referred to as a federal nexus). For the project, it is anticipated USACE will be the lead federal agency
responsible for NEPA compliance. NEPA compliance typically includes several federal statutes, such as the
Endangered Species Act, Section 106 of the NHPA, Coastal Zone Management, and others.

LOCAL - CITY OF LYNNWOOD

The City-owned parcels (nos. 27040700101800, 27040700105700, 27040700100900, and
27040700107100) planned for expansion are currently within Edmonds’ city limits and purview. In
September 2021, the City and Edmonds completed a Development Review Committee (DRC)
meeting to discuss the project and potential local permit compliance. Both jurisdictions agreed that
the preferred route for local permitting was City annexation of the parcels because this approach
would mean only one local agency would be responsible for review and issuance of local permits.
The need for additional interagency coordination between these jurisdictions was discussed at the
DRC meeting. It is recommended that the City pursue annexation as a first step in advancing local
permit compliance for the project.

Pre-Development Meeting

During design of the WWTP expansion, and prior to permit application preparation, a
pre-development meeting with the City is recommended. This will give staff from the City’s
Development and Business Services, Planning, Public Works, and Fire Departments the opportunity
to provide feedback on the preliminary facility design, identify any specialized studies, and
determine permit application requirements and associated review timelines.
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Boundary Line Adjustment

To allow for proposed WWTP facility expansion, the City may desire to undergo a BLA of the newly
annexed parcels. The BLA process would allow the proposed facility expansion to occur with overall
property and building setbacks for the combined parcel boundary, instead of individual setbacks for
each parcel. Without the BLA process, the City will be limited to land use code setbacks for each
separate parcel, ultimately constraining the City from installing improvements on the site as they
are currently conceptualized. In addition to the BLA process, designation of zoning for the newly
annexed parcels may be needed. RH2 recommends the BLA process be included as a topic of
discussion at the pre-development meeting and occur prior to or concurrent with City land use
permitting.

SEPA

The project is anticipated to require compliance with SEPA per Chapter 17.02 LMC. It is assumed
the City would act as lead agency for SEPA review, determination, and publication. Additional
discussion with the City’s Planning Department to coordinate the SEPA review process will be
needed.

Conditional Use Permit

The existing facility is considered an “Essential Public Facility” (EPF) per LMC 21.03.318. Chapter

21.73 LMC requires that EPFs proposing expansion obtain a CUP. The CUP process is coordinated
with other land use permit reviews like SEPA, BLA, Critical Areas, and others. CUPs require public
participation and a review process with a hearing examiner’s decision.

Land Use Variance

The existing WWTP is in the City’s Public (P-1) zone. The area currently planned for expansion is
within Edmonds’ zoning jurisdiction. However, assuming annexation is feasible, it is anticipated the
City would designate the newly acquired parcels in the P-1 zone as well. Therefore, it is expected
the expansion would be subject to the development standards for the P-1 zone outlined in

LMC 21.44.200 and summarized in Table 9-3.

Table 9-3. Lynnwood Public Zone Development Standards
Minimum Setbacks (ft)*

From Property Line

From Public Adjoining Single-Family From Other
Street Zone/Use Property Line Height Lot Coverage

P-1 15 50 25 None <35 percent

IMinimum setbacks shall be increased by 1 foot for each foot of height exceeding 45 feet for proposed buildings.

As site design advances and coordination with the City occurs via the pre-development meeting, it
will be prudent to discuss development standards. If the site design varies from the development
standards, the project could trigger a Land Use Variance process. This process would occur in
conjunction with land use permitting for the project.

J:\DATA\LYNN\20-0054\10 REPORTS\LYNNFP_CH9.DOCX (7/7/2022 1:06 PM) 9' 13 & z

e,




CHAPTER 9 CITY OF LYNNWOOD WWTP FACILITY PLAN

Shoreline Management Act Review

The existing facility is located within regulated shorelands, subject to the provisions of the
Shoreline Management Act (SMA). The City’s Shoreline Master Program (2018 Periodic Update)
(SMP) details existing conditions associated with the shoreline environment on and adjacent to the
City’s WWTP. The existing WWTP facility parcel (no. 27040700105800) is the sole land within the
City’s shoreline jurisdiction. Lands waterward of the ordinary high water mark (OHWM) of Puget
Sound are designated by the City as Aquatic shoreline environment, whereas areas landward and
within 200 feet of the OHWM are designated as High Intensity shoreline environment. Additionally,
those areas seaward of the extreme low tide line are Shorelines of Statewide Significance within
the WWTP parcel and City SMA jurisdiction. Figure 9-1 displays the City’s SMA shorelines.

Figure 9-1 — Lynnwood SMP Excerpt — Figure C4: Shorelines of Statewide Significance and
Shorelands Maps (Dated 7/11/2018)

PUGET SOUND
Browns Bay

Lynnwood Shoreline
Shorelands (200 & from Ordinary High Water Mark)
Shorelines of Statewide Signficance
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Based on the City’s SMP, expansion of the WWTP and associated lower site facility improvements
(wastewater treatment facility and/or utility uses) are anticipated to trigger a Shoreline Substantial
Development Permit review process. As design advances for the site improvements, additional
coordination with the City will determine precise pathways for the project’s SMA compliance.

Critical Areas

Geologically hazardous areas (landslide and erosion hazards) and Outfall Creek are critical areas
present on the existing WWTP parcel and surrounding City-owned Edmonds jurisdiction parcels.
These critical areas will be regulated under the City’s Critical Areas Code (Chapter 17.10 LMC).

Expansion of the WWTP facility is anticipated to involve significant clearing and grading activities,
including slope stabilization, which will require geotechnical investigation and reporting, consistent
with LMC 17.10.104.

Similarly, proposed expansion upslope of the existing facility is expected to involve impacts to and
re-piping of Outfall Creek, as well as permanent and temporary impacts to the stream buffer.
Alteration of Outfall Creek will be regulated under LMC 17.10.073 and 17.10.074. A Critical Areas
Report (CAR) will need to be prepared to address existing stream conditions and proposed
alterations, consistent with LMC 17.10.072. Compensatory mitigation will be required to offset
impacts; mitigation will need to be coordinated with and meet requirements of the City,
Washington Department of Fish and Wildlife (WDFW), the Tulalip and/or Muckleshoot Indian
Tribes, USACE, and the National Marine Fisheries Service. Because WWTP facility expansion will
permanently impact a large portion of the Outfall Creek stream buffer and opportunity for on-site
mitigation is limited, it is likely off-site buffer mitigation will be needed for the project. Additional
discussion is provided below regarding mitigation expectations.

Project Design Review

Project design review (PDR) is expected for WWTP expansion because construction activities will
disturb over 1,000 square feet (sf). The PDR application typically requires a conceptual site plan
addressing grading, drainage, lighting, signs, and landscaping plans; a statement of consistency
with zoning criteria; a completed SEPA checklist; and product specifications. Additional discussion
with the City is recommended at the pre-development meeting for PDR applicability and needs.

Demolition Permit

Demolition of existing structures would require a Demolition Permit from the City. As design
advances for the site improvements, the need for this permit will be discussed with the City.
Building Permit

The expansion of the WWTP facility will require coordination with the City to ensure consistency
with building codes and design criteria. A commercial Building Permit, including Electrical,
Mechanical, Fire, and Plumbing reviews, is expected.
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Grading Permit

Excavation to construct the facility expansion will trigger a Grading Permit, applied for using the
City’s Public Works application form.

Right-of-Way Permit

Construction activities occurring in Bertola Road or 76™" Avenue W will require a ROW Permit,
either through the City or Edmonds in the case of 76" Avenue W.

Public Works Application

The City’s Public Works application form facilitates critical areas review, grading, ROW use, sanitary
sewer system, storm drainage review, tree removal, water main service or installation, and other
public works related reviews. As design is advanced, coordination with the City should occur to
confirm applicable reviews and application requirements. It is assumed that several, if not all, of
these reviews will be needed and reviewed concurrently under a single Public Works application.

Outreach to Neighboring Properties

It is recommended that the City engage the property owners in the City of Edmonds which
neighbor the WWTP. As previously noted, the project proposes some significant potential benefits
to nearby properties through the removal of primary clarifiers, chlorine gas handling equipment
and the SSI. However, outreach should seek to educate the neighboring property owners on the
drivers, benefits and potential impacts of the project in order to elicit their feedback from the
outset of this project.

STATE

HPA — WDFW

Outfall Creek is regulated as a Type F water of the state under the Washington Hydraulic Code
(Chapter 220-660 WAC and Chapter 77.55 of the Revised Code of Washington (RCW)). WWTP
facility expansion improvements that will impact Outfall Creek require HPA.

An on-site meeting with a WDFW area habitat biologist (AHB) was held in July 2021 to review the
project. Expansion of the WWTP is anticipated to involve tying into, relocating, and/or re-piping a
portion of the piped segment of Outfall Creek upslope of and within the footprint of the existing
facility. Consequently, the WDFW AHB explained that current Hydraulic Code standards require the
replacement culvert be sized for fish passage per WDFW'’s Water Crossing Design Guidelines
(2013). Based on the observed bankfull widths of Outfall Creek, a replacement culvert that
accommodates fish passage would be on the order of more than 10 feet in width. The AHB
indicated WDFW'’s preference would be to daylight Outfall Creek if it could feasibly be
accomplished on or adjacent to the existing WWTP; however, space and grades on the site and in
the vicinity are very limited and/or confined. Additionally, property ownership presents challenges.
Daylighting of Outfall Creek and/or upsizing a replacement culvert for fish passage is largely not
feasible while still accommodating the WWTP facility improvements.
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As currently conceptualized, the facility expansion would require the continued piping of Outfall
Creek, constituting a long-term adverse impact and permanent loss of fish passage to a Water of
the State. As such, mitigation likely would need to be designed and agreed upon with stakeholders
including, but not limited to, WDFW, the Tulalip Tribes, Muckleshoot Indian Tribe, and USACE. Such
mitigation would be separate from, but should be coordinated with, City requirements to
compensate for stream buffer impacts.

A reach assessment of Outfall Creek is recommended as a first step in coordinating project
improvements and viable compensatory mitigation. Early involvement of stakeholders in project
design and permitting will be crucial to obtaining permit approvals in a timely manner.

Cultural Resources Review — DAHP

The facility expansion site is mapped by the Washington State Department of Archaeology and
Historic Preservation (DAHP) as areas with “high risk” and “very high risk” of encountering yet-
undiscovered historic or cultural resources. As such, conducting a cultural resources study for the
WWTP expansion to accompany the SEPA checklist is advised. However, if any part of the project
receives funding from a Washington state agency, then Governor’s Executive Order (GEO) 21-02
review process would be triggered, and the cultural resources review would be elevated from the
SEPA level. Moreover, if the project requires a USACE permit, the cultural resources review process
would be through Section 106 of the NHPA instead of GEO 21-02 or SEPA. Section 106 review
would be part of NEPA compliance conducted by USACE as the lead federal agency. If another
federal agency becomes involved in the project (e.g., through funding), NEPA and Section 106
compliance would be coordinated by those jurisdictions. For project compliance, the City should
hire a qualified archaeologist to review the project and site, conduct investigations, and write a
survey report. The cultural resources survey would be used to consult with DAHP and affected
Indian Tribes on the project’s anticipated cultural resources impacts.

Section 401 Water Quality Certification — Ecology

With anticipated Outfall Creek work, Section 404 of the Clean Water Act (CWA) is triggered and
USACE review is expected. Consequently, the project would need to obtain a Section 401 Water
Quality Certification through Ecology. Additional coordination with USACE and Ecology would be
required to determine whether Individual or Nationwide Section 401 review is applicable.
Individual Section 401 reviews can be triggered with certain Nationwide Permit types and usually
require upwards of 6 months to complete.

CSWGP — Ecology

Construction is anticipated to disturb more than 1 acre of land and potentially discharge
construction stormwater to a state water; therefore, a CSWGP will be required by Ecology.
Washington State Department of Natural Resources (DNR)

The City has an easement from DNR for the outfall of the WWTP. DNR should be consulted
regarding any potential changes to the outfall that necessitate work within this easement.
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FEDERAL

Section 404 Permit — USACE

Outfall Creek is anticipated to be classified as WOTUS; therefore, impacts associated with the
relocation of its conveyance pipe are regulated by USACE under Section 404 of the CWA. It is likely
that Section 404 compliance could be achieved through a Nationwide Permit review process;
however, a lengthier Individual Permit review process may be needed. Coordination with USACE
during early project design is recommended as Section 404 review could require a lengthy
duration.

Compensatory mitigation actions developed for compliance with the City’s Critical Areas
regulations and the HPA also would need to meet requirements for the Section 404 permit.

If project design requires impacts to the outfall of Outfall Creek at Puget Sound, then compliance
with Section 10 of the Rivers and Harbors Appropriation Act of 1899 also would be required, which
would be reviewed concurrently with Section 404.

NEPA

The need for a federal permit triggers compliance with NEPA. At this time, NEPA compliance is
anticipated to be completed by USACE as part of the Section 404 review process.

NEPA compliance requires subsidiary reviews, such as Section 106, toxic/hazardous materials
reviews, and Endangered Species Act (ESA) compliance, among others, as applicable. The nature of
proposed improvements will dictate the level of documentation and compliance needed for these
subsidiary reviews. Given the current conceptualized site design, NEPA is expected to involve
Section 106, ESA, Coastal Zone Management consistency, and water quality reviews.

9.4.3 Permitting Next Steps for WWTP Expansion

The following is a summary of the recommended next steps in permitting the WWTP expansion:

e |[nitiate annexation of subject parcels from Edmonds to City jurisdiction. Complete BLA and
zoning designation for the newly annexed parcels, as needed.

e Arrange a pre-development meeting with City departmental staff.
e Conduct environmental site investigations and a reach assessment of Outfall Creek.

e Coordinate with WDFW, Tribes, and USACE regarding project design, impacts to Outfall
Creek, and mitigation options.

e Discuss and identify potential stream buffer mitigation options with City Planning staff.

This permitting analysis was based on current concepts for the WWTP expansion, available
environmental data, applicable regulations, and preliminary discussions with regulatory staff.
Consequently, this assessment is limited and permit requirements should be confirmed during
expansion design through further coordination with the regulatory agencies.
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9.5 CAPITAL PROJECTS PLAN

Based on the phasing plan identified in 9.2 Phasing of Recommended Improvements and the
planning and permitting considerations outlined in 9.3 WWTP Permitting and 9.4 Land Use and
Construction Permitting, this section outlines the projected overall schedule for the proposed
improvements and the capital expense associated with this schedule.

9.5.1 Schedule

A conceptual estimate of the overall schedule for the three phases of improvements is shown in
Figure 9-2.

Figure 9-2 — Conceptual Estimate of Overall Schedule for Improvements
Year (Quarter)

2027- 2029-
2023 2024 2025 2026 2028 2031

Planning

Facility Plan
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9.5.2 Capital Projection

Based on the schedule shown in Figure 9-2, Table 9-4 projects the estimated annual capital
expenditures to complete the three phases of improvements. This estimate is based on the
estimated capital costs for each project identified in Chapter 8 and shown here in 2021 dollars.

Table 9-4. WWTP Capital Improvement Plan
Costs in 2021 Dollars (Millions)

2022 2023 ‘ 2024 ‘ 2025 2026 2027 2028 2029 2030 2031 fotal
Design & Permitting $19.5
Survey/Geotechnical S0.3 $0.3
Permitting S0.5 | $1.1 S1.1 $1.2 $3.9
Phase 1 Design S1.4 S1.4
Phase 2 Design S4.6 | $4.6 $9.3
Phase 3 Design $4.6 $4.6
Construction $188.2
Phase 1 $17.5 $17.5
Phase 2 $37.8 | $37.8 | $37.8 $113.3
Phase 3 $19.1 | $19.1 | $19.1 $57.4
Total $0.0 | $0.8 | $7.1 | $23.3 | $37.8 | $37.8 | $43.6 | $19.1 | $19.1 | $19.1 | $207.7

0.6 OTHER CONSIDERATIONS AND NEXT STEPS

9.6.1 Complete General Sewer Plan and Submit Plans

The City’s GSP will be completed in 2022. The population growth, flow, and loading projections
from the GSP were used in the analyses of this Plan. The GSP also will review off-site improvements
that could potentially be used to reduce the WWTP improvements identified in this Plan. If no
feasible, significant off-site improvements are recommended, the WWTP Capital Improvement Plan
(CIP) projects identified in this Plan will be included in the overall CIP and financial plan in the GSP.

The GSP and this Plan should be submitted concurrently to Ecology for review. These plans need to
be approved to allow for the CIP projects to commence.

9.6.2 Preliminary Design or Project-Specific Engineering Report

As recommended in Chapter 8, a preliminary design effort or project-specific engineering report is
recommended for at least the liquid stream (secondary treatment) improvements. This work would
memorialize the findings of the NRE and additional nutrient monitoring and provide the detailed
design criteria for the secondary treatment improvements. This criterion would be intended to
guide Ecology through the drafting of nutrient limits in the City’s future NPDES discharge permit. If
the City collaborates with Ecology and other entities on the potential full-scale demonstration of
CFR-DAS at the City, an engineering report could be used to outline a strategy for the
demonstration, monitoring, and eventual adoption of the chosen treatment technology.
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9.6.3 Funding Strategy

The 2022 GSP will outline the financial impacts of the proposed CIP to rate payers. This information
will be used to formulate a funding strategy to complete the projects. The City needs to begin
improvements soon to rectify deficiencies and expand capacity, regardless of the future need for
TIN reduction. However, there may be opportunities for funding due to the City’s early adoption of
a developmental technology that can be used for TIN reduction. Ideally, early adoption of
promising developmental technologies, which could provide a benefit to a broad base of potential
users, would be incentivized to offset the risks and potential added cost of being the first to
implement the technology. This consideration should be part of any potential funding strategy for
the WWTP improvements.

9.6.4 Early Adoption of Emerging Technology

The analyses provided in this Plan detail the physical constraints of the existing WWTP, which
significantly challenge the implementation of improvements to expand capacity. For the City, larger
aeration basins are needed to support the projected growth in flow and loading and, as previously
shown, the maximal aeration basin tankage should be constructed during the project to maximize
the treatment capacity of the site. This approach will allow for the removal of primary treatment to
facilitate the needed reconfiguration of the site.

By maximizing the aeration basin tankage on the site, the recommended WWTP configuration in
Chapter 8 can likely provide secondary treatment capacity (treating for the current conventional
parameters of biochemical oxygen demand and total suspended solids) with moderate
densification of the activated sludge allowing for increased mixed liquor concentration and clarifier
solids loading rates. This configuration will substantially increase the operability and reliability of
the WWTP. If current permit limits were maintained, the likelihood of consistent permit
compliance is high.

To meet the potential low effluent TIN limit of 3 mg/L as proposed by the PSNGP, significant
densification of the activated sludge would be necessary to provide a longer solids retention time
and support substantially increased mixed liquor concentration and clarifier solids loading rates
above conventional design criteria. The recommended configuration would not be substantially
changed to provide TIN reduction; the operation and controls would be altered to densify the
activated sludge more aggressively. As shown in Chapter 8, such densification could potentially be
achieved in the maximum available aeration basin tankage volume of 2.75 million gallons, but the
risk of inconsistent permit compliance substantially increases. This risk is due to the need to densify
to levels that are considered to be emerging or developmental. As analyzed in Chapter 6, other
secondary treatment technology options were reviewed and it was noted that, in order to meet a
low TIN limit at the City’s site, any applicable technology is considered to be emerging or
developmental for this application.

6.3.5 Discussion on Established and Emerging Technologies of Chapter 6 discusses the guidance in
the Orange Book for assessment and implementation of “new or developmental” technologies. A
full-scale or representative pilot would be the recommended approach for any of the secondary
treatment technologies applicable to the City, but as discussed in Chapter 6, it is unlikely that this is
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CHAPTER 9 CITY OF LYNNWOOD WWTP FACILITY PLAN

achievable. Alternatively, a full-scale demonstration could be pursued at another facility, although
it would be challenging to find and implement a location to perform a representative
demonstration.

As previously noted, the fundamentals of the CFR-DAS process are currently being demonstrated at
other facilities with the closest notable locations being the Cashmere, Washington and the
Peshastin, Washington facilities. While neither of these facilities could be utilized to simulate a
full-scale demonstration of equivalence to Lynnwood, they show that properly designed densified
activated sludge systems can provide exceptional reduction of TIN and high capacity relative to
footprint. The analyses of Chapter 6 showed that CFR-DAS will provide the highest increase in
capacity with the most sustainable approach to secondary treatment for the City. Further, it will
make use of the best available secondary treatment knowledge in order for the City to proactively
prepare for future TIN limits while remaining within the current scope of necessary improvements.
CFR-DAS will meet the intent of AKART, but it is considered to be emerging, and ultralow numerical
TIN limits cannot be guaranteed at all conditions at this time.

The potential for low TIN effluent limits will create a similar scenario for other Puget Sound
dischargers, in which the constraints of each facility will necessitate reliance on new or
developmental technologies that cannot undergo a full-scale or representative pilot. Such facilities
also will look for an applicable location to perform full-scale demonstration of such technologies.
Lynnwood offers a unique opportunity to be an early adopter of CFR-DAS and could provide a
full-scale demonstration of TIN reduction with the challenges of wet weather flows, cold
temperatures, and constrained tankage. Other Puget Sound dischargers would have the
opportunity to learn from this facility for the purposes of guiding their own selection and design of
facility upgrades for TIN reduction.

The City should continue a dialog with Ecology through the review of this Plan and beyond to
develop a framework for implementing CFR-DAS. The City and Ecology could partner in the
full-scale demonstration of the promising developmental technology, which could be applicable to
a broad base of users within the watershed and beyond.
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Permit No. WA0024031

: Issuance Date:  February 8, 2019
- Effective Date: March 1, 2019
Expiration Date: February 29, 2024

~ National Pollutant Discharge Elimination System
Waste Discharge Permit No. WA0024031

State of Washington
DEPARTMENT OF ECOLOGY
Northwest Regional Office
3190 160™ Avenue SE
Bellevue, WA 98008-5452

In compliance with the provisions of
The State of Washington Water Pollution Control Law
Chapter 90.48 Revised Code of Washington
‘ and
The Federal Water Pollution Control Act
(The Clean Water Act) .
Title 33 United States Code, Section 1342 et seq.

City of Lynnwood
19100 44™ Avenue West
Lynnwood, WA 98046

is authorized to discharge in accordance with the Special and General Conditions that follow.

Plant Location: Receiving Water:

-City of Lynnwood Wastewater Treatment Plant Browns Bay — Puget Sound
17000 76" Avenue West Treatment Type: '
Edmonds, WA 98026 Activated sludge

Rachel McCrea

Water Quality Section Manager
Northwest Regional Office
Washington State Department of Ecology
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Summary of Permit Report Submittals

Refer to the Special and General Conditions of this permit for additional submittal requirements.

Permit Submittal Frequency First Submittal Date
Section
S3.A Discharge Monitoring Report (DMR) Monthly April 15, 2019
S3.A Discharge Monitoring Report (DMR) Quarterly July 15, 2019
S3.A Discharge Monitoring Report (DMR) Annual January 15, 2020
S3.F Reporting Permit Violations As necessary
S4.B Plans for Maintaining Adequate Capacity As necessary
S4.D Notification of New or Altered Sources As necessary
S4.E Infiltration and Inflow Evaluation Annual June 30, 2019
S5.F Bypass Notification As necessary
S5.G O&M Manual Update 1/permit cycle March 31, 2019
S6.A.5 Pretreatment Annual Report Annual March 31, 2019
S6.A.6 Request to make changes to pretreatment As necessary
program
S8.C.3 Acute Toxicity: Compliance Monitoring Quarterly July 30, 2019
Reports
S8.D Acute Toxicity: Response to noncompliance | As necessary
reporting
S8.D Acute Toxicity: TI/RE Plan As necessary
S9.A.2 Chronic Toxicity: Characterization 2/permit cycle January 30, 2023
July 30, 2023
S10 Outfall Evaluation 1/permit cycle December 31, 2021
S11 Application for Permit Renewal 1/permit cycle August 31, 2023
G1 Notice of Change in Authorization As necessary
G4 Reporting Planned Changes As necessary
G5 Engineering Report for Construction or As necessary
Modification Activities
G7 Notice of Permit Transfer As necessary
G10 Duty to Provide Information As necessary
G20 Compliance Schedules As necessary
G21 Contract Submittal As necessary
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Special Conditions

All discharges and activities authorized by this permit must comply with the terms
and conditions of this permit. The discharge of any of the following pollutants
more frequently than, or at a level in excess of, that identified and authorized by
this permit violates the terms and conditions of this permit.

Beginning on the effective date of this permit, the Permittee may discharge
treated domestic wastewater to Browns Bay — Puget Sound at the permitted
location subject to compliance with the following limits:

Latitude: 47.8478

Effluent Limits: Outfall 001
Longitude: -122.3425

Parameter

Average Monthly 2

Average Weekly °

Carbonaceous Biochemical
Oxygen Demand (5-day)
(CBOD:s)

25 milligramsl/liter (mg/L)
1,543 pounds/day (Ibs/day)
85% removal of influent CBODs

40 mg/L
2,469 lbs/day

Total Suspended Solids (TSS)

30 mg/L
1,851 Ibs/day
85% removal of influent TSS

45 mg/L
2,777 lbs/day

Parameter Minimum Maximum
pH 6.0 standard units 9.0 standard units
Parameter Monthly Geometric Mean Weekly Geometric Mean

Fecal Coliform Bacteria ©

200/100 milliliter (mL)

400/100 mL

Parameter

Average Monthly

Maximum Daily ¢

Total Residual Chlorine

278 pg/L

728 pg/L

The effluent limit for acute toxicity is:
No acute toxicity detected in a test concentration representing the acute critical effluent concentration

(ACEC).

The ACEC means the maximum concentration of effluent during critical conditions at the boundary of the
acute mixing zone, defined in Section 8 of this permit. The ACEC equals 1.8% effluent. See S8 for more

information.

a | Average monthly effluent limit means the highest allowable average of daily discharges over a calendar

month. To calculate the discharge value to compare to the limit, add the value of each daily discharge
measured during a calendar month and divide this sum by the total number of daily discharges
measured. See footnote c for fecal coliform calculations.

b | Average weekly discharge limit means the highest allowable average of daily discharges over a

calculations.

calendar week, calculated as the sum of all daily discharges measured during a calendar week divided
by the number of daily discharges' measured during that week. See footnote ¢ for fecal coliform

¢ | Ecology provides directions to calculate the monthly and the weekly geometric mean in publication No.

04-10-020, Information Manual for Treatment Plant Operators available at:
https://fortress.wa.gov/ecy/publications/SummaryPages/0410020.html

d | Maximum daily effluent limit is the highest allowable daily discharge. The daily discharge is the

average discharge of a pollutant measured during a calendar day. For pollutants with limits expressed
in units of mass, calculate the daily discharge as the total mass of the pollutant discharged over the
day. This does not apply to pH or temperature.
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S1.B. Mixing zone authorization
Mixing zone for Outfall 001
The following paragraphs define the maximum boundaries of the mixing zones:
Chronic mixing zone

The mixing zone is an oblong circle around the discharge ports that is 837 feet
long by 596 feet wide. The mixing zone extends from the bottom to the top of the
water column. The concentration of pollutants at the edge of the chronic zone
must meet chronic aquatic life criteria and human health criteria.

Acute mixing zone

The mixing zone is an oblong circle around the discharge ports that is 301 feet
long by 59.6 feet wide. The mixing zone extends from the bottom to the top of the
water column. The concentration of pollutants at the edge of the acute zone must
meet acute aquatic life criteria.

Available Dilution (dilution factor)
Acute Aquatic Life Criteria 56
Chronic Aquatic Life Criteria 217
Human Health Criteria - Carcinogen 217
Human Health Criteria - Non-carcinogen 217

S2. Monitoring requirements
S2.A. Monitoring schedule

The Permittee must monitor in accordance with the following schedule and the
requirements specified in Appendix A.

Parameter Units & Speciation |[Minimum Sampling Sample Type
Frequency

(1) Wastewater influent

Wastewater Influent means the raw sewage flow from the collection system into the treatment facility.
Sample the wastewater entering the headworks of the treatment plant excluding any side-stream returns
from inside the plant.

Biochemical Oxygen Demand mg/L 1/week 2 24-hour composite P
(BODs)

BODs Ibs/day © 1/week Calculated

CBODs mg/L 5/week 2 24-hour composite
TSS mg/L 5/week 24-hour composite
TSS Ibs/day 5/week Calculated

(2) Final wastewater effluent

Final Wastewater Effluent means wastewater exiting the last treatment process or operation. Typically,
this is after or at the exit from the chlorine contact chamber or other disinfection process. The Permittee
may take effluent samples for the BODs analysis before or after the disinfection process. If taken after, the
Permittee must dechlorinate and reseed the sample.

Flow mgd Continuous ¢ Metered/recorded

CBODs mg/L 5/week 24-hour composite

CBODs Ibs/day 5/week Calculated
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Parameter Units & Speciation |[Minimum Sampling Sample Type
Frequency

CBODs % removal © 5/week Calculated
TSS mg/L 5/week 24-hour composite
TSS Ibs/day 5/week Calculated
TSS % removal 5/week Calculated
Fecal Coliform f # /100 ml Daily 2 Grab'
pH ¢ Standard Units Continuous Metered/recorded
Total Residual Chlorine po/L Daily Grab
Temperature Degrees centigrade (°C) | Continuous Measurement

(3) Effluent characterization — final wastewater effluent

The final wastewater effluent characterization data must be submitted in the quarterly DMR reports.

Total Ammonia mg/L as N Quarterlyi 24-hour composite
Nitrate plus Nitrite (N) mg/L as N Quarterly 24-hour composite
Total Kjeldahl Nitrogen (TKN) mg/L as N Quarterly 24-hour composite
Total Phosphorus mg/L as P Quarterly 24-hour composite
Soluble Reactive Phosphorus mg/L as P Quarterly 24-hour composite

(4) Permit renewal application requirements — final wastewater effluent

Permit renewal application effluent monitoring data must be submitted in the quarterly DMR reports.

Dissolved Oxygen mg/L Quarterly Grab
Total Dissolved Solids mg/L Quarterly 24-hour composite
Total Hardness mg/L Quarterly 24-hour composite

(5) Whole effluent toxicity testing — final wastewater effluent

Acute Toxicity Testing — See S8 Quarterly 24-hour composite
Compliance
Chronic Toxicity Testing — See S9 2/permit cycle 24-hour composite

Characterization

(6) Pretreatment testing — influent, effluent, and biosolids. See Special Condition S6.

The Permittee must monitor influent, effluent, and biosolids from the treatment system for parameters
noted below according to the indicated schedule. The Permittee must conduct all monitoring following
instructions in Special Condition S6.B. In addition to fulfilling required pretreatment monitoring, the
Permittee may use the results of effluent sampling done according to the following schedule for testing
required for the next permit application. The schedule for pH below applies only to influent and biosolids
since the effluent monitoring schedules above require more frequent monitoring for that parameter. Oil and
grease monitoring applies only to influent and effluent.

pH (influent and biosolids) Standard units Quarterly Grab

Oil and Grease (influent and mg/L Quarterly Grab

effluent)

Cyanide micrograms/liter (ug/L) | Quarterly Grab

Total Phenolic Compounds po/L Quarterly Grab

Priority Pollutants (PP) — Total po/L; nanograms (ng/L) | Quarterly 24-hour composite

Metals for mercury Grab for mercury

PP — Volatile Organic Compounds | pg/L Once per year @ Grab

PP — Acid-extractable Compounds | pg/L Once per year 24-hour composite
PP — Base-neutral Compounds Mg/l Once per year 24-hour composite
PP — Pesticides/PCBs ug/L Once per year 24-hour composite

a | 1/week means one time during each calendar week. 5/week means five times during each calendar
week. Daily means one per day. Once per year means one time during each calendar year.

b | 24-hour composite means a series of individual samples collected over a 24-hour period into a single
container, and analyzed as one sample.
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Parameter Units & Speciation |[Minimum Sampling Sample Type
Frequency

Calculated means figured concurrently with the respective sample, using the following formula:
Concentration (in mg/L) X Flow (in MGD) X Conversion Factor (8.34) = Ibs/day

Continuous means uninterrupted except for brief lengths of time for calibration, power failure, or
unanticipated equipment repair or maintenance. The time interval for the associated data logger must
be no greater than 30 minutes.

% removal = Influent concentration (mg/L) — Effluent concentration (mg/L) x 100
Influent concentration (mg/L)

Calculate the percent (%) removal of BODs and TSS using the above equation.

Report a numerical value for fecal coliforms following the procedures in Ecology’s Information Manual
for Wastewater Treatment Plant Operators, Publication Number 04-10-020 available at:
https://fortress.wa.gov/ecy/publications/SummaryPages/0410020.htm! . Do not report a result as too
numerous to count (TNTC).

The Permittee must report the instantaneous maximum and minimum pH daily. Do not average pH
values.

If measuring temperature continuously, the Permittee must determine and report a daily maximum
from half-hour measurements in a 24-hour period. Continuous monitoring instruments must achieve
an accuracy of 0.2 degrees C and the Permittee must verify accuracy annually.

Grab means an individual sample collected over a fifteen (15)-minute, or less, period.

Quarterly sampling periods are January through March, April through June, July through September,
and October through December. The Permittee must begin quarterly monitoring for the quarter
beginning on 4/1/2019 and submit results by 7/15/2019.

S2.B. Sampling and analytical procedures

Samples and measurements taken to meet the requirements of this permit must
represent the volume and nature of the monitored parameters. The Permittee
must conduct representative sampling of any unusual discharge or discharge
condition, including bypasses, upsets, and maintenance-related conditions that
may affect effluent quality.

Sampling and analytical methods used to meet the monitoring requirements
specified in this permit must conform to the latest revision of the Guidelines
Establishing Test Procedures for the Analysis of Pollutants contained in 40 CFR
Part 136 (or as applicable in 40 CFR subchapters N [Parts 400-471] or O

[Parts 501-503]) unless otherwise specified in this permit . Ecology may only
specify alternative methods for parameters without permit limits and for those
parameters without an EPA approved test method in 40 CFR Part 136.



https://fortress.wa.gov/ecy/publications/SummaryPages/0410020.html
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Flow measurement, field measurement, and continuous monitoring devices
The Permittee must:

1. Select and use appropriate flow measurement, field measurement, and continuous
monitoring devices and methods consistent with accepted scientific practices.

2. Install, calibrate, and maintain these devices to ensure the accuracy of the
measurements is consistent with the accepted industry standard, the
manufacturer’s recommendation, and approved O&M manual procedures for
the device and the wastestream.

3. Calibrate continuous monitoring instruments weekly unless it can demonstrate
a longer period is sufficient based on monitoring records. The Permittee:

a. May calibrate apparatus for continuous monitoring of dissolved oxygen
by air calibration.

b. Must calibrate continuous pH measurement instruments using a grab
sample analyzed in the lab with a pH meter calibrated with standard
buffers and analyzed within 15 minutes of sampling.

c. Must calibrate continuous chlorine measurement instruments using a grab
sample analyzed in the laboratory within 15 minutes of sampling.

4. Use field measurement devices as directed by the manufacturer and do not
use reagents beyond their expiration dates.

5. Establish a calibration frequency for each device or instrument in the O&M
manual that conforms to the frequency recommended by the manufacturer.

6. Maintain calibration records for at least three years.
Laboratory accreditation

The Permittee must ensure that all monitoring data required by Ecology for
permit specified parameters is prepared by a laboratory registered or accredited
under the provisions of chapter 173-50 WAC, Accreditation of Environmental
Laboratories. Flow, temperature, settleable solids, conductivity, pH, and
internal process control parameters are exempt from this requirement. The
Permittee must obtain accreditation for conductivity and pH if it must receive
accreditation or registration for other parameters.

Request for reduction in monitoring

The Permittee may request a reduction of the sampling frequency after twelve (12)
months of monitoring. Ecology will review each request and at its discretion grant
the request when it reissues the permit or by a permit modification.

The Permittee must:

1. Provide a written request.

2. Clearly state the parameters for which it is requesting reduced monitoring.
3. Clearly state the justification for the reduction.
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Reporting and recording requirements

The Permittee must monitor and report in accordance with the following conditions.
Falsification of information submitted to Ecology is a violation of the terms and
conditions of this permit.

S3.A. Discharge monitoring reports

The first monitoring period begins on the effective date of the permit (unless
otherwise specified). The Permittee must:

1.

Summarize, report, and submit monitoring data obtained during each
monitoring period on the electronic discharge monitoring report (DMR) form
provided by Ecology within the Water Quality Permitting Portal. Include data
for each of the parameters tabulated in Special Condition S2 and as required
by the form. Report a value for each day sampling occurred (unless
specifically exempted in the permit) and for the summary values (when
applicable) included on the electronic form.

Ensure that DMRs are electronically submitted no later than the dates
specified below, unless otherwise specified in this permit.

The Permittee must also submit an electronic copy of the laboratory report as
an attachment using WQWebDMR. The contract laboratory reports must also
include information on the chain of custody, QA/QC results, and
documentation of accreditation for the parameter.

Submit DMRs for parameters with the monitoring frequencies specified in S2
(monthly, quarterly, annual, etc.) at the reporting schedule identified below.
The Permittee must:

a. Submit monthly DMRs by the 15" day of the following month.

b. Submit quarterly DMRs by the 15" day of the month following the
monitoring period. Quarterly sampling periods are January through
March, April through June, July through September, and October through
December. The Permittee must submit the first quarterly DMR on
July 15, 2019, for the quarter beginning on April 1, 2019.

c. Submit annual DMRs by January 15 for the previous calendar year. The
annual sampling period is the calendar year. The Permittee must submit
the first annual DMR on January 15, 2020, for the 2019 calendar year.

Enter the “No Discharge” reporting code for an entire DMR, for a specific
monitoring point, or for a specific parameter as appropriate, if the Permittee
did not discharge wastewater or a specific pollutant during a given monitoring
period.

Report single analytical values below detection as “less than the detection
level (DL)” by entering < followed by the numeric value of the detection level
(e.g. < 2.0) onthe DMR. If the method used did not meet the minimum DL
and quantitation level (QL) identified in the permit, report the actual QL and
DL in the comments or in the location provided.
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7. Report single analytical values between the detection level (DL) and the
quantitation level (QL) by entering the estimated value, the code for
estimated value/below guantitation limit (j) and any additional information
in the comments. Submit a copy of the laboratory report as an attachment
using WQWebDMR.

8. Not report zero for bacteria monitoring. Report as required by the
laboratory method.

9. Calculate and report an arithmetic average value for each day for bacteria if
multiple samples were taken in one day.

10. Calculate the geometric mean values for bacteria (unless otherwise
specified in the permit) using:

a. The reported numeric value for all bacteria samples measured above
the detection value except when it took multiple samples in one day. If
the Permittee takes multiple samples in one day it must use the
arithmetic average for the day in the geometric mean calculation.

b. The detection value for those samples measured below detection.

11. Report the test method used for analysis in the comments if the laboratory
used an alternative method not specified in the permit and as allowed in
Appendix A.

12. Calculate average values and calculated total values (unless otherwise
specified in the permit) using:

a. The reported numeric value for all parameters measured between the
detection value and the quantitation value for the sample analysis.

b. One-half the detection value (for values reported below detection) if the
lab detected the parameter in another sample from the same monitoring
point for the reporting period.

c. Zero (for values reported below detection) if the lab did not detect the
parameter in another sample for the reporting period.

13. Report single-sample grouped parameters (for example: priority
pollutants, PAHSs, pulp and paper chlorophenolics, TTOs) on the
WQWebDMR form and include: sample date, concentration detected,
detection limit (DL) (as necessary), and laboratory quantitation level (QL)
(as necessary).

Permit submittals and schedules

The Permittee must use the Water Quality Permitting Portal — Permit
Submittals application (unless otherwise specified in the permit) to submit all
other written permit-required reports by the date specified in the permit.
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When another permit condition requires submittal of a paper (hard-copy)
report, the Permittee must ensure that it is postmarked or received by Ecology
no later than the dates specified by this permit. Send these paper reports to
Ecology at:

Water Quality Permit Coordinator
Department of Ecology
Northwest Regional Office

3190 160" Avenue SE

Bellevue, WA 98008-5452

Records retention

The Permittee must retain records of all monitoring information for a minimum of
three (3) years. Such information must include all calibration and maintenance
records and all original recordings for continuous monitoring instrumentation,
copies of all reports required by this permit, and records of all data used to
complete the application for this permit. The Permittee must extend this period of
retention during the course of any unresolved litigation regarding the discharge of
pollutants by the Permittee or when requested by Ecology.

Recording of results

For each measurement or sample taken, the Permittee must record the following
information:

1. The date, exact place, method, and time of sampling or measurement.
2. The individual who performed the sampling or measurement.

3. The dates the analyses were performed.

4. The individual who performed the analyses.

5. The analytical techniques or methods used.

6. The results of all analyses.

Additional monitoring by the Permittee

If the Permittee monitors any pollutant more frequently than required by Special
Condition S2 of this permit, then the Permittee must include the results of such
monitoring in the calculation and reporting of the data submitted in the
Permittee’'s DMR unless otherwise specified by Special Condition S2.

Reporting permit violations

The Permittee must take the following actions when it violates or is unable to
comply with any permit condition:

1. Immediately take action to stop, contain, and cleanup unauthorized discharges
or otherwise stop the noncompliance and correct the problem.

2. If applicable, immediately repeat sampling and analysis. Submit the results of
any repeat sampling to Ecology within thirty (30) days of sampling.
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Immediate reporting

The Permittee must immediately report to Ecology and the Department of
Health, Shellfish Program, and the Local Health Jurisdiction (at the numbers
listed below), all:

e Failures of the disinfection system.

e Collection system overflows.

e Plant bypasses discharging to marine surface waters.

e Any other failures of the sewage system (pipe breaks, etc.).

Northwest Regional Office 425-649-7000

Department of Health, 360-236-3330 (business hours)
Shellfish Program 360-789-8962 (after business hours)
Snohomish Health District, 425-339-5250 (business hours)
Environmental Health Division 425-339-5295 (after business hours)

Additionally, for any sanitary sewer overflow (SSO) that discharges to a
municipal separate storm sewer system (MS4), the Permittee must notify the
appropriate MS4 owner or operator.

Twenty-four-hour reporting

The Permittee must report the following occurrences of noncompliance by
telephone, to Ecology at the telephone numbers listed above, within 24 hours from
the time the Permittee becomes aware of any of the following circumstances:

1. Any noncompliance that may endanger health or the environment, unless
previously reported under immediate reporting requirements.

2. Any unanticipated bypass that causes an exceedance of an effluent limit in
the permit (See Part S5.F, “Bypass Procedures”).

3. Any upset that causes an exceedance of an effluent limit in the permit (See
G.15, “Upset”).

4. Any violation of a maximum daily or instantaneous maximum discharge
limit for any of the pollutants in Section S1.A of this permit.

5. Any overflow prior to the treatment works, whether or not such overflow
endangers health or the environment or exceeds any effluent limit in the permit.

Report within five days

The Permittee must also submit a written report within five days of the time that
the Permittee becomes aware of any reportable event under subparts a or b,
above. The report must contain:

1. A description of the noncompliance and its cause.
2. The period of noncompliance, including exact dates and times.
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3. The estimated time the Permittee expects the noncompliance to continue if
not yet corrected.

4. Steps taken or planned to reduce, eliminate, and prevent recurrence of the
noncompliance.

5. If the noncompliance involves an overflow prior to the treatment works,
an estimate of the quantity (in gallons) of untreated overflow.

d. Waiver of written reports

Ecology may waive the written report required in subpart c, above, on a
case-by-case basis upon request if the Permittee has submitted a timely oral
report.

e. All other permit violation reporting

The Permittee must report all permit violations, which do not require immediate
or within 24 hours reporting, when it submits monitoring reports for S3.A
("Reporting™). The reports must contain the information listed in subpart c,
above. Compliance with these requirements does not relieve the Permittee from
responsibility to maintain continuous compliance with the terms and conditions
of this permit or the resulting liability for failure to comply.

S3.G. Other reporting
a. Spills of oil or hazardous materials

The Permittee must report a spill of oil or hazardous materials in accordance
with the requirements of RCW 90.56.280 and chapter 173-303-145. You can

obtain further instructions at the following website: https://ecology.wa.gov/About-
us/Get-involved/Report-an-environmental-issue/Report-a-spill .

b. Failure to submit relevant or correct facts

Where the Permittee becomes aware that it failed to submit any relevant facts
in a permit application, or submitted incorrect information in a permit
application, or in any report to Ecology, it must submit such facts or
information promptly.

S3.H. Maintaining a copy of this permit
The Permittee must keep a copy of this permit at the facility and make it available
upon request to Ecology inspectors.
S4. Facility loading
S4.A. Design criteria

The flows or waste loads for the permitted facility must not exceed the following
design criteria:

Maximum Month Design Flow (MMDF) 7.4 MGD
BOD:s Influent Loading for Maximum Month 15,120 Ib/day
TSS Influent Loading for Maximum Month 15,120 Ib/day


https://ecology.wa.gov/About-us/Get-involved/Report-an-environmental-issue/Report-a-spill
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S4.B. Plans for maintaining adequate capacity
a. Conditions triggering plan submittal

The Permittee must submit a plan and a schedule for continuing to maintain
capacity to Ecology when:

1. The actual flow or waste load reaches 85 percent of any one of the design
criteria in S4.A for three consecutive months.

2. The projected plant flow or loading would reach design capacity within
five years.

b. Plan and schedule content

The plan and schedule must identify the actions necessary to maintain
adequate capacity for the expected population growth and to meet the limits
and requirements of the permit. The Permittee must consider the following
topics and actions in its plan.

1. Analysis of the present design and proposed process modifications

2. Reduction or elimination of excessive infiltration and inflow of
uncontaminated ground and surface water into the sewer system

3. Limits on future sewer extensions or connections or additional waste loads
4. Modification or expansion of facilities
5. Reduction of industrial or commercial flows or waste loads

Engineering documents associated with the plan must meet the requirements
of WAC 173-240-060, "Engineering Report,” and be approved by Ecology
prior to any construction.

S4.C. Duty to mitigate

The Permittee must take all reasonable steps to minimize or prevent any discharge
or sludge use or disposal in violation of this permit that has a reasonable
likelihood of adversely affecting human health or the environment.

S4.D. Notification of new or altered sources

1. The Permittee must submit written notice to Ecology whenever any new
discharge or a substantial change in volume or character of an existing
discharge into the wastewater treatment plant is proposed which:

a. Would interfere with the operation of, or exceed the design capacity of,
any portion of the wastewater treatment plant.

b. Is not part of an approved general sewer plan or approved plans and
specifications.

c. Issubject to pretreatment standards under 40 CFR Part 403 and Section
307(b) of the Clean Water Act.
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2. This notice must include an evaluation of the wastewater treatment plant’s
ability to adequately transport and treat the added flow and/or waste load, the
quality and volume of effluent to be discharged to the treatment plant, and the
anticipated impact on the Permittee’s effluent [40 CFR 122.42(b)].

S4.E. Infiltration and inflow evaluation

1. The Permittee must prepare a report documenting I/1 status and program
implementation. The I/l Report must be prepared and submitted annually to
the WQWebPortal. The first report is due by June 30, 2019, and annually
thereafter. The report must include the following information from the
previous calendar year:

a. A summary of infiltration and inflow. Guidance regarding the content of
an acceptable 1/1 report and sample 1I/1 report form is included in
Appendix | of the Information Manual for Treatment Plant Operators,
https://fortress.wa.gov/ecy/publications/SummaryPages/0410020.html.

b. A summary of repairs and collection system projects completed to monitor
or specifically target I/l reduction, including, but not limited to, I/l
corrective measures listed in the Lynnwood Infiltration and Inflow Study
(Gray & Osborne, Inc., March 2011). .

c. A summary of illicit connection discovery, enforcement, removal and City
code review as described in the Lynnwood Infiltration and Inflow Study
(Gray & Osborne, Inc., March 2011).

Operation and maintenance

The Permittee must at all times properly operate and maintain all facilities and systems of
treatment and control (and related appurtenances), which are installed to achieve
compliance with the terms and conditions of this permit. Proper operation and maintenance
also includes keeping a daily operation logbook (paper or electronic), adequate laboratory
controls, and appropriate quality assurance procedures. This provision of the permit
requires the Permittee to operate backup or auxiliary facilities or similar systems only when
the operation is necessary to achieve compliance with the conditions of this permit.

S5.A. Certified operator

This permitted facility must be operated by an operator certified by the state of
Washington for at least a Class 111 plant. This operator must be in responsible
charge of the day-to-day operation of the wastewater treatment plant. An operator
certified for at least a Class 1l plant must be in charge during all regularly
scheduled shifts. The Permittee must notify Ecology when the operator in charge
at the facility changes. It must provide the new operator’s name and certification
level and provide the name of the operator leaving the facility.

S5.B. Operation and maintenance program
The Permittee must:

1. Institute an adequate operation and maintenance program for the entire
sewage system.


https://fortress.wa.gov/ecy/publications/SummaryPages/0410020.html
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2. Keep maintenance records on all major electrical and mechanical components
of the treatment plant, as well as the sewage system and pumping stations.
Such records must clearly specify the frequency and type of maintenance
recommended by the manufacturer and must show the frequency and type of
maintenance performed.

3. Make maintenance records available for inspection at all times.
Short-term reduction

The Permittee must schedule any facility maintenance, which might require
interruption of wastewater treatment and degrade effluent quality, during non-
critical water quality periods and carry this maintenance out according to the
approved O&M manua